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CYRIC Annual Report 1997 

PREFACE 

In this eighteenth issue of the CYRIC Annual Report, we summarize血cactivities for 

research and development and results of training for radioisotope safe-treatment at Cyclo仕on

and Radioisotope Center, Tohoku University during the calendar year 1997. 

In 1997 research programs泊 variousfields such ぉ nuclearphysics, nuclear 

chemistry, solid st縦 physicsand element analyses by PIXE and activation were carried out, 

and radioisotopes were produced for use in biology and medicine. At出csame time several 

facility improvements have been carried out. A total of 2928 hours of the cyclotron beam-

time Wお deliveredfor the scheduled researches, while 30 hours for research and development 

for the accelerator and related facilities. In almost 75% of the beam time, protons were 

accelerated for nuclear physics and short-lived radioisotop岱 formedical and other studies, in 

10% deuteron beams for the same purposes, while in 9£｝る4Hebeams for material and solid 

st剖ephysics. 
Among the various research programs, studi凶 withPIXE technique have been 

continuously carried out by using electrostatic accelerator, installed剖 FNL(Fast Neutron 

Laboratory) in Graduate School of Technology, Tohoku University, under the scientific tie up 

between CYRIC釦 dFNL. Indeed, more than six groups訂erunning under出isproject 

using a total of its 250 hours beam-time. 

During 1997 school year, 553 of staff members and students of Tohoku University 

were trained at this Center in出cbeginner's course of safe handling of radiation and 

radioisotopes, while 213 staff members and students in the 11x-ray course”. In addition, 87 

of staff members and students were trained in the course of safe handling of radiation from a 

SOR (Synchrotron αbital Radiation). 

It is our great pleasure to inform that the budget in order to replace the present K=50 

MeV AVF cyclo甘onwith K=130 MeV AVF・cyclo甘onequipped with high-intensity negative 

ion-source toge血erwith ECR heavy-ion and po加ized-ionsources may be authorized by 

Japanese government h血enext school year. Improvements of related experimental facilities 

such ぉ thebeam仕組sportsystem including the beam swinger, automated synthesis system 

for short-lived posi甘onemitter labeled compounds, on-line electromagnetic mass separator, 

組 dso on should also be scheduled. 



On coming March 7, 1998，白eceremony and symposium for the 20th anniversary of 

the founding of CYRIC紅 cscheduled to be held. In the symposium, four invited talks are 

pres en民din a general title of Expectation for relevant scientific products by的enewのぱlotron.

Also planed is the memorial publication of a book (in Japanese), where 32 pieces of scientific 

report from various research fields described, and the list of the dissertations for Mぉter(148) 

and Doctor (93) degrees, and that of the 545 published papers are compiled. 

We訂 Cvery grateful to Tohoku University and to the Ministry of Education, Science, 

Sports and Culture for their continuous support. 

January 1998 

Hikonojo ORilむ主RA

Director 
Cyclotron and Radioisotope Center 

Tohoku University 
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I. 1. Isovector Part of Optical Potentials Studied by Analog 
Transitions though (p,n) Reaction at 35 MeV 

Jon G. C., α幼araH.ぺYunC. C. *, TerakawaA. *, ItohK. ＊.ぬmamotoA.*.
SuzukiH.ヘMizunoH. *, Ka.murai G＊・PIshii k料， andOhnumaH.＊＊＊ ’

Institute of Physics, Aca伽 mSinica, Nankang Taipei, Taiwan 11592 
Cyclotron and Radioisotope cen帆 TohokuUniversity* 

Facu／，砂ofEngineering, Tohoku University** 
Depar.加rentof Physics, Chiba Institute of Technology, Chiba 275・0023，勾刷紳＊

Analog transitions have been studied for N > Z nuclei with the isospin T。＝（Nーめよ2,

for which the (p,n) reaction excites fmal s凶 eswith T ＝九ぉ well錨 thosewith T ＝九 :t1. 

百ieT = T.。states,having similar nature to the parent state, are referred to as isobaric analog 

S凶凶. The (p,n) transition to the ground-state analog (IAS) is r句訂ded路 el刷 cscattering 

with the isospin z-component flipped, and is hence sometimes called quasi-elastic scattering. 

It coπesponds to the Fermトtype~－decay. Quasi-inelぉticscat旬ring,those to excited state 

analog states (E必）such as 2+, 3-, 4+, have山obeen observed. 

Lane-model optical potential is often used in the maiαoscopic distorted-wave Born 

approxim剖ion(DWBA) analyses of the quasi-scattering. It is expressed as1>; 

U(r)=-lゐ（の＋（4t4)U1（け t・T+U 50(r)+(l/2-t;)V Jr), 、．1
咽

i，，，、

wheretの is出eprojectile (target) isospin, Uso is the spin-orbit pot印刷， andVe訟 the

Coulomb potential. 百ieisospin dependent (t・ηterm yields t+T_, LT＋ 組 d らTz,

∞ 町岱pondingめ (p,n),(n,p) and (p,p) or (n,n) reac姐ons，郎防御ely.’Thenthe (p,n) qu錨 i-

scattering takes place through the term 

Up0(r)=(2/A｝／万三l・U1(r）・ (2) 

百ieisovector potential U 1 is usually parametrized in旬rmsof standard Woo必ーSaxonforms 

as 

時 W 心・叩占的，

f(x) = (1 ＋♂）・1, x = (r-R~／ai’組d Ri= r(1. 113 (i = R or I). 。）

1 



In amaαoscopic treatment, vl and wl in eq.σ） are dependent on enぽgyand mass, and are 

directly determined by the strength and its q-dependence of血cground-state analog仕組s1tion.

In a microscopic treatment, on, the other hand, the analog transition talces place through the 

isospin dependent partケψV'tf(q) of the effective interaction, which is derived from G-matrix 

elem en脂 basedon the free nucleon-nucleon interaction. 

Knowledge of upn 。esmeasures of the strengths of quasi-inelastic scattering leading 

to excited analog states24> as well. Recently p紅白ularattention hぉ beenpaid to the isovector 

potential s甘ength.It plays a dominant role for coupling between the gi釦 tisovector monopole 

state and the isobaric analog state, yielding a spreading width for the latter5>. Studies of 

Fer凶 勾pe甘ansitionsめ theMS by白e(p,n) reaction present a good place to explore出is

potential. Ca巾 onand his coll~borators repo巾 d6>a systematic optical model analysis of quasi 

elぉtic(p, n) reactions瓜 22.8 Me Von 29 nuclei ranging合om9Be to 208Pb. They derived U1 

for each target nucleus, and gave a smoo出p釘ame甘包ationof the b岱 t-fitparameters in ul for 
all the nuclei investigated. However, their data and analysis were limited by experimental 

conditions and theoretical treatment of mixed analog transitions. 

We have reported1> observation of analog甘組sitionat EP = 35 Me V in (p, n) reactions 

on thirteen target nuclei ranging 17 s A s 48, 17・180, 22Ne, 25・26Mg, 30Si, 34S, 38・40Ar, and 

42,44,4sca. Pure .l¥Jπ＝ o+ Fermi勾petransitions were observed for six of them. As for the 

other seven nuclei, contributions from mixed Ar ~ o+ components or those from unr凶 olved

transitions were evaluated by ,microscopic DWBA calculations to subtract them from the raw 

data and extract pure Fermi句petransition strengths. 百1eb岱 t-fitparameters for the Lane-

type isovector potential (V1, :wυ らゆ wereobtained for each tr組 sition,and then each 

parameter wぉ expressedas 'a linear function of A 113. 百1evalues of V1 were determined 

within ±3 -±5% accuracy in白cmass region studied. It was found血atwl wお almost

independent of A 113. 

In this report we extend our previous work and discuss the isovector part of白eLane 

potential based on experimen凶 dataof (p, n) reactions at EP = 35 Me V on a vari句 oftarget 

nuclei ranging 7 s A s 15 apd 50 s A s 208; namely, 7Li, 9Be, 13・14c,15N, socr, S4,56Fe, 

ss,60,62,64Ni, 10Zn, 11Ga, 92Zr, 110.112,114,116Cd, 116,11s.12osn, i12.114,116Yb，泊 additionto the sd-

shell and ιshell nuclei discussed in Ref. 7. 

百1eexperiment wお performedat the Cyclotron and Radioisotope Center, Tohoku 

University, with a 35-Me V proton beam from叩 AVF-cyclotron組 da beam swinger system. 

The details of白cexperimental setup have been described previously8・9>. Neutron energies 

were meru写uredby the time・，oιflighttechnique (TOF), where neutrons were detected by a 

detector array located at 44. 3 m from the target ’The detectors, 23. 2 I. in a to凶 sensitive

volume, were filled with orgar吋cliquid scintillator NE213. 百1eabsolute efficiencies of the 

detectors were obtained from the 7Li(p,n) 7Be activation analyses with an e：πor less than :!: 

6%. Errors in the absolute magni知deof (p,n) cross sections were estimated to be less than 

2 



12%. All the targe包wereenriched isotopes with enrichments better血an95%. Fi伊 res1 and 

2 illustrate the angular distributions of the (p,n) reactions on 13C組 d70Zn leading to the 

ground state and IAS as representative cases. 

& discussed in detail in Ref. 7, for the nuclei in 7 s A s 15 except for the case of 

14C, it was necessary to subtract contributions仕omAJπ雰 o+components. Here, we describe 

the procedure of microscopic DWBA calculations needed to extract cross sections for the pure 

AJ" = o+ Fen凶・typetransition from the raw data by subtracting other contributions. 

百1edata for the p-shell nuclei were first compared wi由 microscopicDW results 

calculated by the computer code DWBA-7410>, which includes knock-on exchange effec総 in

an exact manner. Note that fully antisymmetrized calculations were made in出cpresent 

microscopic DW  analysis, in which non-normal parity terms such as AJ(AL, AS)= 1(1, 0) for 

the o＋→ r transition also contribute to the cross section. 句ticalpoten制 parametersof 

Becchetti and Greenlees11> were used for the en甘組cechannel. ’Those for the exit channel 

were self consistent potential p訂ametersderived by Carlson et al6＞.百ieeffective nucleon-

nucleon interactions used in the present DW  analysis were those by Bertsch et al. (M3Y) 12>. 

Sensitivity of such calculations to the optical-potential parameters is elaborated in Ref. 13. 

Sp帥 oscopicamplitudes (OBTD) for the microscopic DWBA analysis for the p-shell 

nuclei were obtained from full p-shell model calculations14> using the code OXBASH with the 

interaction by Millener and Kurath15>. Single-particle radial wave functions used in DW  

calculations Wぽegen釘剖edin a Woods-Saxon potential with九＝ 1.25 fm, a= 0.6 fin, V凶＝

6 Me V and the depth adjusted to reproduce the binding energy of a valence nucleon. 

Assu凶ngthe (p, n) reaction leading ω恥 IASis caused by恥 isovectorpo伽制

expressedぉ Eq.σ）， which hぉ avolume・勾pereal part and a surface勾pe加aginarypart, the 

parameters to be determined are血epotential depths vl and wl, geome甘icalparameters for 

the real part r R 釦 d~＇ and those for the imaginary p釘tηand句Toreduce血enumb町 of

par創netersto be fi悦 d,the r伺 lgeome凶calpar担netersr R and ~ were fixed to those by 

Becchetti and Greenlees11>, since these are usually takenぉ fixedin both en住組ceand exit 

channels when they are used in distorting potentials.τben we carried out a p紅白netersearch 

with the program IASEARCH16> to find the best-fit parameter set to reproduce diぽerential

cross sections for each IAS仕組sition.Finally, we found global relation for each parameter as 

a linear function of A 113 by least-squares fit 

Table 1 lists the best-fit par祖 netersobtained for each reaction toge由erwith those for 

sd-and f-shell nuclei in Ref. 7. 百ieradius of由e加篭加arypotential deer伺 sesgradually, 

while the diffuseness parameter incr伺 ses,as A 113 inαeases. 百lereal potential depth vl 
increases錨 well百 eimaginary potential depth W 1 seems to be almost constant in由emぉs

region studied.百iesebest-fit parameters are plottedぉ afunction of A 113加Figs.3 and 4. It 

should be noted that the valu~写 obtained from the “subtracted d剖a”lieon a smooth line, 

confinning ag剖n白cvalidity of the procedure desαibed before and reliability of miαoscopic 

calculations.百iesolid lines indicate r岱 ultsof leasトsquaresfit assuming白atall parameters 
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are a linear function of A 113. :Taldng the diagonal and off-diagonal elemen也 ofthe cπor 

matrices, we were able to describe A 113 dependence of the potential parameters as : 

Vi = 6.377 + 2.244A 113 主~013864 -2 x 0.09384A 113+6.02423(A口 ？ ， 併 ）

W1=5.087+0.3931A 113 ± {Ol2194-2x0.05834A川＋ 0.01640(A1'3)2 

釦 d

η＝ 1.978一0.1522A1'3± ｛~.003669 一 2 × 0.001028A川13 + 0.0003021(A1'3) 

a1＝一0.09018+0.2239A113 ±' J 0.0019幻一2×0.0005315A川＋ 0.0001508(A1' ラ

百iedotted and d錨 h-dottedlines in Figs. 3組 d4 indicate valu岱 onestandard deviation above 

and below the best-fit value, respectively. 

αie discussion should be given on the feedback of血eisovector potential U 1 to the 

potentials used to construct distorted waves in the entrance and exit channels in the DW 

analysis. These correction terms訂e"!:.2U1 (N -Z) 112/A for the proton and neutron channels, 

respectively, and less than a several% of the distorting potential s甘eng血s. 百ieireffects on 

出efinal results may be therefore ignored. 百iedata were reanalyzed by using the corrected 

optical potential parameters. It was indeed found也atthe contributions from the correction 

terms were negligibly small, and the results in the previous section are hardly changed. 

In the present s知dy,tlie imaginary part of U 1 Wお旬kenぉ freep訂制御s,whereas 

由CS甘eng白 ofthis term hぉ sofar been thought to be one half of出ereal part6>. As seen in 

Fig. 5，血cA-dependence of the imaginary depth is weaker血釦 thatderived from W 1 = 

1!2V1・It seems almost cons旬以 andabout 6 MeV over the mass region studied. When we 

compare恥 presentresults ~ith those of叫 erwork by Carlson et al・叫＝ 22.8 Mev6>, 

although they do not give error estimates and furthermore白eyhave limited the applicable 

region asA注 40(A113注 3.420),almost same results were obtained for geometrical parameters 

η組 d叫except白atthe present values are less A113 dependent. Due to the difference in the 

incident proton energies，出cmagnitudes of the present vl訂e20% smaller than those of Ref. 

6. 

To summarize, ana19g transitions have been observed剖 EP= 35 MeV in (p,n) 

reactions on thirteen target nuclei r組 ging7sAs15組 d50 s A s 208. Pure AJπ＝ o+ Fermi-

type甘ansitionswere observ~d for nuclei in 50 s A s 208. As for the nuclei in 7 s A s 15, 

con凶butionsfrom mixed AJπ 詳 q+components were evaluated by microscopic DWBA 

calculations to subtract them from the raw data and extract pure Fem必typetransition 

S悦 n帥s.’Theb岱 t-fitpar細 etersfor the Lane匂peisovector pot印刷 （Vl'wl, Tp aj were 

obtained for each transition,, and then each parameter was expressed as a lin伺 rfunction of 

A tl3. ’The values of vl w釘edetennined by present parametrization wi由泊＂！：.3-"!:.5% accuracy 

in the mass region studied. It was found血剖 W1 is almost independent of A 113. 

4 



References 

1) Lane A. M., Phys. Rev. 8, 171 (1962). 
2）臼曲araH. et al., Phys. Lett. 106B, 171 (1981）・
3) Murakami T. et al., Nucl. Phys. A377, 163 (1982）・
4）地edaK. et al., Nucl. Phys. A403, 1 (1983). 
5) Suzuki T. et al., to be published in Phys. Rev. 

6) Carlson J. D., Zafiratos C. D. and Lind D. A., Nucl. Phys. A249, 29 (1975）・
ηJon G. C. et al., Phys. Rev. C 56 (199η900. 
8）白iharaH. and Murakar凶 T., Nucl. Instrum.地 thods181, 15 (1981). 
9) Orihara H. et al., Nucl. Instrum. Methods A257, 189 (198 7）・

10) Schaeffer R. and Raynal J ., unpublished. 
11) Becchetti F. D.組 dGreenlees G. W., Phys. Rev. 182, 1190 (1969). 
12) Bertsch G. et al., Nucl. Phys. A284, 399 (1977). 
13) Ohnuma H. et al., Nucl. Phys. A467, 61 (1987). 
14）百eshell model code OXBASH, F.chegoyen A. E. et al., National Superconducting Cyclotron 

Laboratory Report No. 524 (1984) 
15) Millener D. J. and Kurath D. Nucl. Phys. A255 (1975) 315. 
16) A parameter searchα>Cle for elastic and quasi-elastic scattering. Quasielastic calculations are made using 

出eLane model and adopted from the code DWl応K4originally written by Kunz P. D. 

Table 1. Best-fit parame胞路 ofisovector potential for each nucleus. 

Reaction E込xcof IAS Vi W1 η q  。lfeV) 仰eV) (MeV) (fm) (fm) 
II !/--¥ID- 0.0 11.65±1.56 5.62±1.10 1.923±0.072 0.386±0.σ72 

0.0 12:53±1.10 6:36土0.87 1.780土0.064 0.42o±0.054 
0.0 12.38±1.05 6.2o±0.8 l 1.697±0.063 0.462±0.052 

2.3129 13.2o±l.07 6.64±0.78 1.754土0.052 0.462±0.049 
.Q ・9.. .U .... ？.~~9.：.~.？.. .~.：.~.Q!Q：.~.~ .~.：.Z~Q;.9..:9.§.! .9.:.1.Q~~Q ... Q?. ~ 

…””＂＂（ Hj・－・......・－…I2'J）従r:2玄”．．．．．． 

1.041 11.26士1.08 5.76土0.60 1:56低 0.039 0.451±0.053 
0.657 12.19±0.73 5.59士0.63 1.600土0.054 0.45o±0.055 
0.0 12.06±1.56 6.24±0.87 1.584±0.065 0.SOo±0.065 
1.228 12.66±0.58 6.27±0.40 1.543±0.034 0.533±0.03 
0.0 11.0o±l.50 5.89±0.98 1.403±0.061 0.50佐0.070
0.677 11.84±1.22 6.So±0.32 1.493±0.032 0.528士0.034
0.0 12.9o±0.78 6.2佐 0.59 1.425±0.033 0.58o±0.047 
0.130 13.27±0.87 6.5o±0.48 1.404±0.023 0.668±0.032 
4.384 13.97土0.55 5.89±0.30 1.373±0.024 0.722土0.029
0.0 13.2o±0.50 6.69±0.50 1.414±0.029 0.704±0.029 
2.783 14.8低 0.97 6.99土0.87 1.414±0.050 0.699±0.050 

…”．．．．．” ．． .~：.~？.？.. .!.2.：~§~9. ... 2.~. .~.：.~.~！.9.：.~.Q ~.：.~9.Q;.9. ... Q.~.？. .9.：.？.~Q!9.:.9.~.~. 

3.5 16.25±0.89 7.31±0.78 1.450土0. 9 0.87。士0.058
0.203 14.96±1.02 7.44±0.85 1.365±0.071 0.880土0.063
2.54 14.40土0.89 6.67±0.83 1.407土0.067 0.878±0.049 
4.63 16.40土0.79 7.40土0.81 1.365土0.069 0.908土0.044
6.71 16.51±1.21 7.43±0.76 1.382±0.085 0.886土0.058
8.26 15.58± 1.20 4.87±1.65 1.37o±0.090 0.950±0.170 
8.96 17.24土1.75 7.04：土1.20 l .40o±O. l 30 0.832±0.150 
8.94 14.85±1.80 5.87±1.03 1.23低 0.103 0:914±0.078 
8.80 16.7低 0.92 5.7o±0.66 1.355±0.089 0.968±0.071 
10.04 17.10土0.97 7.98±0.93 1.188±0.138 1.053±0.153 
11.12 16:30土0.89 6.35土0.81 1.344±0.076 0.950±0.058 
12.04 16.80土0.93 6.67±0.87 1.356±0.068 0.982±0.051 
8.61 18.3o±0.94 5.97±1.23 1.275±0.095 1.100士0.120
9.36 16.41±0.82 6.58±0.73 1.341±0.092 0.969±0.051 
10.24 16.86±0.86 7.02±0.95 1.345±0.098 0.980土0.067
11.04 18.8o±l.29 7.59±0.98 1.178±0.087 1.046土0.053
13.7 19.304±0.91 8.11土0.92 1.31批 0.082 1.120±0.134 
14.8 18.9佐 0.84 7.87±0.97 1.179±0.086 l.19o±0.096 
16.0 18:95±0.98 7.02土0.99 1.27o±0.098 1.002±0.102 
.5.17 20.17土1.44 8.00土1.27 1.250±0.112 0.960±0.104 
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Fig. 1. Differential cross sections for neutrons leading 
to the ground state of 13C.τ'heαives are DW  resul臼

for the 112・ → 1/2・加盟sitionfor eaph AJ＂.’The line 

denoted by”Macro IAS”is the maqoscopic calculation 
using the isovector potential with the best-fit parameters 

obtained in the present s加dy.’Theline denoted by ”SUM-1” 
shows the sum over miαoscopic p陀dictionsfor all AJ" 
including AJn = o+ Fermi-type transition, while th剖
denoted by”SUM-2”shows the same except th剖由e

AJ" = o+ calculation is replaced by ”Macro IAS”． 
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I. 2. Gamow-Teller Distribution in the 27Al(p,n)27Si Reactions 
at 35 MeV 

α的araH.,Yun C. C., Tera伽 11aA.,JtohK., YamamotoA., SuzukiH .. MizunoH .. 
G. Kamurai, G. C. Jon.ヘIshiiK. * *, and Ohn1una H. * * ＊’，  

Cyclotron and Radioisotope center, Tohoku University 
Institute of Physics, Ac，郎助iiaSinica, Nankang Taipei, Taiwan 11592* 

Facul.砂ofEngineering, Tohoku University帥

Depar.抑制ofPhysics, Chiba Institute of Technology, Chiba 275・0023，勾刷＊＊＊

Study of the (p, n) reaction瓜 35Me V with high-resolution exper加ents同， toge由er

with well-established effective nucleon-nucleon interactions and recently advanced shell-

model one-body－仕組sition-densities(OBTD), allows us to evaluate absolutely (p, n）αoss 

sections with microscopic distorted wave Born approx加 ation(DWBA) theory even for the 

cぉeswhere a number of AJπcontribute to the transition. In Ref. 4 we have explained 

successfully the differentialαoss s例 onsfor the 5/2＋→5/2+ transition in the 170(p,n) 17F(g. 

s.) reaction where six components of AJπ ＝ Q+-5+ pieces con甘ibute. It has been also found 

伽 microscopicDWBA analyses successfully reproduce absolute values of恥 (p,n）αoss

sections between 20° 組 d90。formost AJπ＝ 2+, 3+, and S＋甘ansitionsobserved in 22Ne, 

24均， and34s1・3), while a renomalization factor ranging 0.5-0. 7 is needed to日tthe 

experimentalαoss section with the DWBA prediction. Systematic miαoscopic analyses of 

the data were reported in these papers using the Brown-Wildenthal (BW) wave白nctions5>,

for which a stringent test with the charge-exchange reaction has been carried. 

Since the spin-parity of even-odd nucleus 27 Al is 5/2+, the transferred AJ value is not 

unique; e.g. for恥 caseof白e3(2+ state exci削 on,AJπ＝ 1 +, 2+, and 3+, hence由e(p,n）αoss 

section is the incoherent sum over those from AJ乍 1+, 2+, and 3+ transitions. A5 such, AJπ＝1+ 

(AL=O) Gamow-Teller (Gηtype transition may be involved in 5/2＋→3/2+, 5(2,+, and 7/2+ 

transitions. Investigation of the GT s甘engthdis甘ibutionleading め theindividual particle-hole 

state加 sd-shellnuclei is one of the subject of cu汀entnuclear physics from view po泊tsof a 

s凶ngenttest for the shell-model wave function, and for the relation among ~－decay 

probめility,magnetic dipole strength and (p, n）αoss section. In this report we discuss briefly 

how reasonably reproduced the (p,n) cross sections by凶 croscopicDWBA calculations with 

one-body transition densities (OB’ID), by which reduced matrix elements for ~ -d明組d

Ml transition are obtained in the same manner. 
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百1eexperiment was performed剖 theCyclotron and Radioisotope Center, Tohoku 

University, with a 35・MeVproton beam from an A VF-cyclotron and a beam swmger system. 

The details of the experimental setup have been described previously6'7)・ Neutron energies 

were measured by the time・d・flighttechnique (TOF), where neutrons Wぽedetected by a 

detector訂raylocated at 44.3 m from the target.τhe detectors, 23.2£ 泊 atotal sensitive 

volume, were filled with organic liquid scintillator NE213. Metallic foil of Al was used for 

the target. ’The absolute efficiencies of the detectors were obtained from the 7Li(p,n)7Be 

activation analyses with an error less than :!:: 6%. Eπors in the absolute magnitude of (p, n) 

cross sections were estimated1 to be less th釦 129る. Overall neu甘onenergy resolution was 

typically 160 ke V. Figure 1 illustrates a typical excitation energy spec甘umof neutrons 

leading to the low-lying states .1n 27Si following the 27 Al(p, n)27Si reaction. In Figs. 2釦 d3, 

由cangular distributions of the cross section訂epresented. 古田 linesin the白guresare 

microscopic DWBA predictions described below. 

百1edata have been compared with microscopic DW  results calculated by the computer 

code DWBA-748), which includes knock-on exchange effects in an exact manner. Note th剖

fully antisymmetlized calculations are made in the present microscopic DW  analysis, in which 

non-normal pari勿 termssuchぉ AJ(AL,AS) = 1(1, 0) for the Q＋ → 1 + transition also 

contribute to the cross section. Optical potential parameters of Becchetti and Greenlees9> are 

used for the entrance channel. Those for the exit channel訂eself-consistent potential 

parameters derived by Carlson et al10）.百1eeffective nucleon-nucleon interactions used in the 

present DW  analysis are those by Bertsch et al. （附Y)11).Sensitivity of such calculations to 

the optical-potential parameters is elaborated in Ref. 12. Spectroscopic amplituぬ（OBTD)

for the microscopic DWBA flllalysis Wぽeobtained from full-sd shell-model calculations 13) 

using the code OXBASH with the A-dependent interaction of Wildenthal5). Single-particle 

radial wave functions used ifi DW  calcul柑onswere gene削 edin a Wooゐ－Saxonpo削 d

with r 0 = 1. 25 fm, a = 0. 6 ri;n, V LS = 6 Me V and the depth adjusted to reproduce the binding 

energy of a valence nucleon. , 

In Fig. 2, expe.巾nentaland theoreticalαoss sections are presented for the (p, n) 

reactions on 21 Al lead泊gto ~he 5/2+ (g.s. ), 112+ (0. 781MeV)， 組d3/2+ (0. 941MeV) states in 

mirror nucleus 27Si. The 5(2/ (g.s.）→sa+ (g.s.）仕組sitioncon凶nsall AJ in particle-hole 

excitation in sd-shell nuclei.1 As discussed in Ref. 14，血cmajor part of differential cross 

sections is reproduced absolutely by the incoherent sum over AJ=O, 1, 2, 3, 4, and 5 

contributions, although a renomalization factor of 0.6 is needed for AJ=l transition. 百1e

most prominent component, is Al=O analog transition, while the stretched AJ=S transition 

playsぉ wellimportant role to reproduce the αoss sections at larger angles. Our interest is 

focused on the AJ=l GT l~e transition. The shell-model predic包 avalue of 0.861 for GT 

matrix element. 百1iscon凶butionindeed giv岱 adominant con凶butionぉ seenin Fig. 2. 

百1esa＋→112+ (0. 781MeV) transition is only one which dose not con凶nAJ=l, GT 
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仕組sition,giving us an example to check whether cross sections are absolutely fitted by 

summation over AJ when the AJ=l component dose not exist Note that fitting is quite 

reasonable. 百1e5/2／→3/2/ (0. 941MeV) transition is肱 firstone, its counter part will be 

seen in Fig. 3 as the second 5/2＋→3/2+ (2.864MeV) with much more intensities. Shell model 

predictions of GT matrix element for 0.941 and 2.864 MeV states are, respectively, 0.0114 

and 0.594, corresponding to the log ft values of 5.75 and 4.03. 

Also shown in Fig. 3 are differentialαoss sections for the 5(2＋→7(2+ (2.164MeV) 

5(2＋→5(2+ (2.648MeV)，組d5(2＋→3(2+ (2.864MeV) transitions. In the 5/2＋→112＋ 佐釦sition,

AJ=l GT transition, for which shell-model predic也aB(GT) value of 0.204, carries almost all 

contribution to this reaction. In the 5/2＋→5/2+ leading to白e2. 648 MeV states, AJ=O 

component is involved, predicted cross section for which is quite small and i包 angular

distribution shows th剖 forknock-on exchange reaction. ’These all together suggest that由is

Al=O仕組sitionis anti-analog transition ag剖nstAJ=O in出cground state. A prominent peak is 

found at 2.86 MeV in the neutron excitation energy spectrum, for which spin-parity 

assignment has been given to be 3/2+ with some ambiguities. 百ieshell model calculation 

predict a strong GT transition with a B(GT) value of 0. 594 leading to the 3(2+ state剖 2.78

Me V, thus we may confirm this st蹴 tobe 3/2+. 

A r岱 ultof the present study is listed in Table 1, compar副glog ft values for each 

transition with those for ~－decay between mirror nuclei. In summary, differential cross 

sections of the 27 Al(p, n) 27 Si reaction leading to the six low-lying states in 27 Si were 

measured. Cross sections were fitted with microscopic DWBA predictions by introducing 

renomarization factor for the AJ乍 1,GT like transition. It was found th剖 prominentp訂tsof 

GT strength distribution were located in the low-lying transition, and a fairly reasonable 

comparison for the GT matrix elements has been made between those from the (p,n) reaction 

and ~－decay. 
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Table 1. Comparison for log ft values obtained by the 27Al(p,n) 27Si詑actionwith也oseinβdecay. 

Present Result by也e27Al(p,n）幻SiReaction 21si→27Al 

rRef. 151 

Transition B(Gf) renormalization B(1伺〉 log ft* log ft 

shell-model factor (o.n】reaction 6--0ecav 

s12+ (2 0.8608 0.6 0.5164 3.61 * 3.6 

512＋→ 3/2+ (0.941MeV) 0.0112 0.7 0.0078 ． 7.3 

s12＋→ 7/z+ (2.164MeV】 0.2040 0.7 0.1428 4.64 4.7 

5/2＋→ 5/z+ (2.648Me V) 0.1071 0.6 0.0643 4.98 5.0 

5/z+→ 3/2+ (2.864Me v】 0.5944 0.5 0.2972 4.32 4.3 

B何＋ B(GT)= 6163.4/ft 
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I. 3. 32S(d,n)33CI Reaction at 25 MeV 

TerakawaAリ ToheiT.ヘNakagawaT. **, TakamatsuJ. **, NaritaA. ＊＊本pHosomi K. * *, 

α伽 ・aH., Ishii K.…＊， αuaM. 11，肋 sakaM. fl, Jon G. C. %,Miura K. t, and 
Ohnumawt. 

Cyclotron and Radioisotope Cen館町 TohokuUniversity 
Tohoku Institute of Technology* 

Depar伽ientof Physics, Tohoku University** 
Depar的ientof Information Scienc1.ちHirosaki・Universi砂 料 率

Faculty of Engineering, Tohoku Universi砂材料

The Institute of Physical and Chemical Research (RIK.EN) II 

lnsti加teof Molecular Science 11 

Ins ti加teof Physics, Academia Sinica % 

Chiba Insti加teof Technologytt 

Proton single-particle states in 2sld-shell nuclei have been extensively investigated by 

means of the high-resolution (d,n) exper凶mザ 2).In comparison with the recent shell-model 

analysis3) based on the complete 2sld-shell space, the result of血e20・22Ne(d,n）川3Na

reactions have shown that 25・MeV(d,n) reaction deduces reasonable spectroscopic factors2). 

In this report we present the result of the 32S(d,n)33Cl reaction at 25 MeV. Although 

proton single-particle strengths in 33Cl have so far been studied using (d,n)4) and (3He,d)5> 

reactions, little is known6> about the high-lying s甘engthsabove the one-proton emission 

threshold. 

In this work we aim to study the proton single-particle strength of the 2sld-shell 

orbit泌総 wellas H2p-shell orbitals. Furthermore, we attempt to deduαthe occupation 

probabilities and the single-particle energies of御 protonorbitals ne訂 theFermi surface for 

33Cl using the present stripping results in combination with the previous pickup dataη． 

百1eexperiment wぉ performedusing a 25 Me V deuteron beam from the A VF 

cyclotron at Cyclotron and Radioisotope Center, Tohoku University. 百ietarget used was 

natural surfer which wぉ sandwichedbetween two natural platinum foils. 百1etarget 

thickness was 2. 2 mg/cm2. Emitted neutrons were detected with the neutron detector 

containing NE213 liquid scintillator. Neutron energies were measured by time-of-flight 

technique. Details of the CYRIC TOF-facility have been described elsewhere8>. A typical 

neutron spectrum obtained in the 32S( d,n )33αreaction is shown in Fig. 1. 

In order to ex甘act血espectroscopic s仕切gthsin 33Cl, adiabatic deuteron breakup 

approximation (ADBA) analysis9> has been made wi白血ecode DWUC創刊 Theadiabatic 

potential parameters used in the calculations were generated仕omthe global potential of 
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Becchetti and Greenlees for a proton11> and that of Martin for a neutron12>. In the case of 

unbound transitions, resonant form factors were calculated according to a procedure of 

Vincent and Fortune13>. The spectroscopic results from the analysis are listed in Table 1 

together with the earlier data4~5＞.百1e observed s甘eng血 distnbutionsfor the 2s 1 d・shell

orbitals訂ecompared with the shell model estimations3) in Fig. 2. 

Since the ld512 and 2s112 proton orbitals in Surfer isotopes are filled under the simple 

shell-model consideration, a small amount of the 2sld-shell strength will be observed in the 

stripping reaction. Indeed, the populations of the 2sld・shellstrength in the present 

measurement are only four佐叩sitionsleading ω出eground, 0.81・MeV,2.35・MeVand6.86 

MeV states. The 0.81・MeV,I= 0甘ansitionis a important signature of the partial occupancy 

of the 2s112 proton orbital due 1 to ground state correlations. 百ies甘engthdistribution of the 

2sld-shell strengths have been reproduced by the shell model calculation3>. 

All other observed transitions are血eproton stripping to the lf2p-shell orbitals. 百1e

location of these s廿engthshas been characterized by low-lying dominant s甘engthsand 

additional highly fra伊 tentedcomponents up to Ex=lOMeV. 

伐 cupationprobabilities and single-particle energies of proton orbitals near the Fermi 

surface for 32S have been estiipated according to the procedure used h血cprevious s伽d岱附

百1eresulu宅釘eshown in Fig. 3 together with the shell model predictions3>. 官官 2sldshell 

model calculations reasonably1 reproduce the observation. 

In conclusion, the proton s泊gle-p訂ticlest剖esin 33Cl have been studied through the 

32S( d, n )33 Cl reaction剖 25Me V. The spec住oscopicstrengths for both the 2s 1 d-shell and the 

lf2p-shell orbitals have beeo. derived from the ADBA analyses. ’The observed strength 

distributions and the occupation probabilities for the 2sld-shell orbitals are in re錨 onable

agreement with the respective shell-model predictions3>. 
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Table 1: Experimental spectroscopic strengths in 33Cl. 
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I. 4. Single-particle States in the 59Co Nuclei 

Matsunaga M., Nakagawa T., Fujii Y., Aizawa T., Yamazaki A., Kumagai K., Hirai M., 
01幼araH. *, Terakawa A.*, Itoh S. K. *, Yun C. C. *, Yamamoto A.*, Matsumura N. *. 

Kawami K. *, Suzuki H. *, Kamurai G. *, Mizuno H. *, Abe K. **, Ishii K. **, Tohei T. ＊半＊，
Suehiro T. ***, and Ohnuma H. **** 

Department of Physics, Tohoku Universi砂

Cyclotron and Radioisotope Center, Tohoku Universi砂＊
Department of Nuclear Engineering, Tohoku University** 

Tohoku Institute of Technology Sendai Japan*** 

Chiba Institute of Technology Chiba Japan**** 

A deuteron stripping reaction at higher incident energy, is a very useful tool to study a 

one-proton state as a target nucleus plus one proton. From spec佐oscopicfactors derived as a 

ratio of experimental differential cross section to one calculated with distorted wave Born 

approximation (DWBA), we C釦 getsome information for the ground state of a target nucleus, 

such as proton occupation probabilities and single-p紅白leenergies of shell-model orbits. 

Therefore, the (d,n) reaction plays an important role in the nuclear spectroscopic study. 

In nuclear shell-model, Z or N = 20・28nuclei紅eexpected to have simpler 

configurations in the ground state wave function, because of large energy gaps between orbits 

above and below lf712 and itself. From this point of view, the spec甘oscopicstudies for 

Sc , Co and Cu isotopes have been done through the ( d, n) reactions in the Ca (Z = 20) , Fe (Z 

= 26) and Ni (Z = 28) isotopes at Ed=25MeV, so far1・4>. 

It becomes clear from these studies白at白eground state wave function for a nucleus 

C釦 notbe described by a simple shell model, because of change of proton single-particle 

energies with neu甘onnumber, even if the nucleus has the same proton number. Therefore, it 

is a very interesting problem how much the proton occupation probabilities and energy gaps 

between each shell-model orbit in lfm shell nuclei are. This time, basing on above systematic 

results, a spec町oscopicstudy has been done by the (d,n) reaction for the 58Fe (Z = 26) target 

at Ed=25MeV. 

The experiment wぉ accomplishedat CYRIC using the A VF cyclo甘on加 d44m time 

of flight facility5・6>. The 58Fe回rgetconsisted of a self-supporting foil with 5.4 mg/cm2 

thickness, and an it' s isotopical enrichment 7 4±9 % determined with another experiment 

Angular dis凶butionsof the differential cross section were measured between 0° and 65° at 

laboratory加 gles. An excitation energy spec町um瓜 0=19° is shown in Fig. 1. Energy 
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resolution for the ground state was about 280 keV. The angul紅 distributionswere measured 

for states up to about 11 Me V in excitation energy range. 

DWBA calculations were done using the code DWUCK47'8>. Fini句 rangeand 

nonlocality corrections were applied to these calculations and the method of Vincent & 

Fortune9> was used for DWBA calculations of unbound states. Taking into account of 

deuteron break叩 effect，出e~diabatic approximation by Jonson & Soper10> wぉ usedfor出e

optical model potential p紅ametersof the incident channel. In this甘eatment,the potential 

p紅ametersfor a proton and neutron were taken from出esystematics of Becchetti & 

Greenlees 1 1 ＞釦dCarlson et al 12>, respectively.百iepo也ntialp紅白netersof Carlson et al. were 

also used for the outgoing neutron. Typical differential cross sections for the 58Fe(d,n)59Co 

reaction紅eshown in Fig. 2. ' 

For 59Co, the information for the transfer momentum e and spec甘oscopicfactor were 
restricted the result of (3He, d)13＞泊 1965,up to about 2 MeV. In the present work, we have 

observed m加 yproton-single圃particlesぬtesin the excitation energy region over 2 Me V. And 

we could ぉsignthe transfer momentum e and get血espec佐oscopicfactors for many states, 

which have never been assigned by one proton transfer reactions up to this time. 

Obtained spec甘oscopicfactors for ”Co are shown in Table 1, and excitation energy 

distributions of出espectroscopic factors for each transfer momentum f訂eshown in Fig . 3. 

In出isfigure, entirely, fragmentations have been seen from a comparison between55・57 Co and 

59Co. Particularly in f = 1 states, the fragmentations occur, so the spec甘oscopicfactors 

disperse into a lot of weak s凶 esin the wide exici凶onenergy region. In e =3 s阻tes，白e

tendency出atlf712 sta低s$ost concen凶飽 inthe ground states, has been observed泊

55・57・59Co in common. 

The sums of出espectroscopic factors for each orbit訂eshown in Fig. 4. In the 

figure，出edotted lines show the simple shell-model limits and the solid lines show the 

derived values in出ep陀 sentwork. That for the lf712 orbit reaches the sum rule limit, so 

almost all s住eng出sfor白isorbit訂econsidered to be observed. The s町eng血sfor the 2p組 d

1f512 orbits are smaller出制 theshell-model limits. This may imply出atthere exist weak 

peaks, because of a fragmentation, which has not been observed in白epresent measurement, 

or strengths distribute also i~ the excitation energy region above 11 Me V. 

In conclusion, we have observed m釦 yproton-single-p訂tides泊tesfor the 59Co 

鵬 l叩 sby由e(d,n）閃武tio~ at Ed=25Me V 

and assigned the町・ansfermomentum e for each state, which had been never assigned. In the 

obtained sp帥 oscopicfac~民出e fragmentations have been observed from a comparison 

between 55・57Co and 59Co. The sums of those for・each orbit訂elower than the sum-rule limits 

from simple shell-model, but for lf712’almost all s甘・engthsare observed. 
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15 7.36 1+3 (3/2")+5/2・0.07+0.03

(1/2")+5/2・ 0.07+o.05
(3/2") 0.06 
(1/2") 0.08 

17 7.93 1+4 (3/2")+9/2・0.09+o.11
(1/2")+9/2令 0.09+0.12

18 8.34 1 +4 (3/2")+9/2・O.OS+o.09

(1/2")+9/2• O.OS+o.10 
(3/2") 0.12 

(1/2") 0.12 
(3/2") 0.10 
(1/2") 0.10 

(5/2・） 0.20 
(3/2") 0.22 
(3/2") 0.10 

(1/2") 0.10 
24 10.06 1 +3 (3/2")+5/2・0.09+0.38

(1/Z)+5/2・0.08+0.41
(5/2・） 0.09 
(3/2・） 0.10 

26 10.69 1 +4 (3/2")+9/2・0.12+0.13
(1/2")+9/2令 0.07+0.33

27 11.101+4 (3/2")+9/2令 0.19+0.33

(1/2")+9/2・0.19+0.38

0.31 

0.32 
1.33 
1.38 

(3/2") 

(1/2") 

(3/2") 

(1/2") 

g
－3
 一一

一
2 1.10 

3 1.34 

4 
Ex (MeV) 

。
山U'田olved

multiplet 

2.08 3 3 5 2.12 

6 2.80 

8 3.47 

11 4.92 

2 

25 10.35 2 

16 7.59 

19 8.66 

21 9.27 

20 8.91 

22 9.55 

23 9.81 

与品4
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Fig. 2. Typical differential cross sections for the 

l=l-4回 nsitionsin曲e58Fe(d,nf9Co reaction. 
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I. 5. Measurement o,f the Life Time of the First Excited State of 
“31Ga33 

Seldguchi K ., Tanigald M.ヘShinozukazへFujitaM.へHoshinoT・pBaba T., 
KawamuraN.ペandFuj必初M.*

De par，伽 entof Physics, Tohoku Universi砂
CYRJC, Tohoku University* 

Depar仰 entof Engineering, Aomori University** 

It was said that isospin was well preserved in nuclei because of Pauli-blocking in spite 

of the presence of electric force. But ne訂 theN =Z line the blocking e釘ectis decreぉedand 

we can see白cc百ec包 ofisospin mixing in some p訂担netersof the nucleus. In a recent 

experiment of 64Ge strong nuclear deformation組 disospin forbidden El・gammatransition 

W笛 observed2); therefore 64Ge and nuclei around it訂 Cattracting attention. So we decided to 

measure the life time of the first excited state of 64Ga. 64Ga is the isotone of 64Ge and life time 

of its first excite state was only known to be longer出組 1凶・（seeFig. 1.）百1elife of組

isomer strongly depends on the wave-function of two s凶 es(initial and白nals凶 es),so it is a 

very important qu組 tityfor the study of nuclear structure. 

We used the 34・courseof Cyclotron叩 dRadioisotope Center (CYRIC）泊血is

experiment. In this course t~ere is a Pulse勾pebeam choppぽ（P-chopper)3）組dit can change 

beam burst and interval freely; we c組 meぉurelife times of 1凶ーls.

Since the life time w~ considered to be several tens of凶， weselected恥 beambu凶

and interval of 15 μs組 d159凶 respectively(15 μs beam on and 150ρbeam oft). 64Ga was 

produced via the 63Cu{3He, 2n) 64Ga reaction at 16 MeV of 3He energy. The fi削 excited

state2+> of 64Ga decays to ground state Q+) by E2-transition e凶陥ggamma-ray of energy 

42.89 keV. Therefore we detected this gamma-ray by a HP-Ge gamma-ray detector. We 

measured energy of gamma!ray emitted from 64Ga first excited state and i包 incidencetime to 

the HP-Ge detector at血esame time and made 2 dimension experimental data.百1elife time 

was obtained by analyzing由edata and making the decay curve . 

百1eanalysis was done by the next procedure. 

1) making gamma-ray en~靭 spectrum every 3μs, 

2）日ttingby gaussian-cuwe to the photo peak of 42.89 keV and deriving its areas, 

3) making the decay curve by plotting the peak訂easversus the decay time, and 

4）白ttingby an e却onentialcurve to the decay curve and ob凶凶ngthe life time. 

In this way we obtained the life time to be 
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31.9±.4,us. 

Here we compare the experimen凶 valueand a calculated one (Weisskopf unit) in terms of 

reduced transition probability B(E2). Correcting the internal conversion coefficient （α＝13)4, 
we obtained 

B(E2)= 10.2 e2 fin4 ;(experimental）・

On the other hand calculated Weisskopf unit is 

B(E2)=15.2 e2 fin4 ;(Weisskopf unit）・

百tetwo values are in good agreementぜweconsider that the Weisskopf unit is a very 

coarse approximation. But Weisskopf unit is based on the simplest single-particle (proton) 

model, and that 64Ga is a rather complica旬dodd-odd(31・33)nucleus ; this agreement is rather 

SU中rising組 dsuggests the nuclear structure of 64Ga to be interesting. Further elucidation of 

the nuclear structure of 64Ga by measuring g-factor etc. is desired. 

We conclude; 

1) the low匂ingstates of odd-odd nucleus 64Ga may be well described by the many-particle 

shell model. A detailed calculation is under progress5雪組d

2) we can take off the bracket from the J~CE.assignment of the first-excited 則的＋）， i.e. , 

we can safely assign J1'CE.=2+ to this state. 

References 

1) Hansen L. F. ,et al., Levels of“Ga via the 64Zn(p, n）組d64Zn(p, ny ) reaction, Physical Review 

ClO (1974) 1111. 
2) Robertson R. F. H.組 dAustin S. M., Neutron-deficient isotopes 64Ge and 65Ge, Physical Review 

C9 1801. 
3) Kawamura N. et al., CYRIC annual report (1980) 263. 
4) Way K. ed., Atomic And Nuclear Data Reprints, A1αdemic Press Inc., London (1973). 

5) Ogawa K., private communications. 
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I. 6. Measurement of the Nuclear g-factor of the First・excited3・

State of 146Gd 

FujitaM., TanなaidT., Se.均uchiK. *, Hoshino T. *, Baba T. *, Ka.wamura N.ペ
Shinozuka T. and Fujioka M. 

Cyclotron and Radioisotope Center, Tohoku University 
Depar加館ntof Physics, Tohoku University* 
Facul.砂ofTechnology, Aomori Universi砂料

In N = 83 nuclei with even Z from Ba to Gd, low-lying 13/2+ states are observed 

system剖icallyin the range of excitation from 1540 keVin 139Ba to 997 keV in 147Gd. 百iese

energies訂equite consistent with an interpretation of these states as由ei1312 single particle 

excitation, but the measured half-lives indicate血eB（日） enhancement in comparison with the 

s.p.岱 t加ation.It has been therefore at凶butedto組 adr凶x知reof collective 3・excitationbuilt 

on the f712 ground state into the i1312 state1>, because the 3・octupolestates in N = 82 nuclei have 
been systematically found in even isotones from 136Xe to 146Gd. To obtain which component 

is dominant in these 13/2+ states, the meぉurementof the g-factor is q凶tee妊ective.

In the previous works, the g-factors of 1229keV13/2+ st剖eof 143Nd2> and 1579 keV 

3・stateof 146Gd3) were measured瓜 CYRIC. But the precise mixture ratio of the two 

components could not be derived because of the large ambiguity of血eparamagnetic 

correction factor ( f3) for the Gd ions in Smi03, which must be known to obtain the g-factor 

as below. 

In the cぉcof paramagnetic materials, such as rare earth elements, the effective 

magnetic field at the nucleus (B erJ are ob凶nedfrom the relation 

Beff= /JBext’ 

where f3 is called the paramagnetic correction factor, and must be measured independently to 

obtain the g-factor. 

Since the temperature dependence of f3 is given by 

(/3-1）α1/T 

for the rare earth atoms4), a plot of g ・ f3 versus 1/7・shouldgive a straight line cutting the 

ordinate axis剖 thevalue of g. This means由atthe external magnetic field should not be 

disturbed by the surrounding electrons at the high temperature limit. 
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In order to achieve a f3 ~free measurement, a target heating system, which consists of 

an infr訂edlamp and a quar包 lod,has been cons甘ucted.In仕aredrays are甘ansportedto the 

target position by means of the, total reflection in a quartz lod. The advantages to use infrared 

rays訂 C出atthere is no distortion of the magnetic field and the heating system can be located 

out of the vacuum chamber. 

百ienucl伺 rg-factor of the 1579 keV 3・stateof 146Gd was remeぉuredby the TIP AD 

method.百1eexcited states WぽCpopulated by the reaction 144Sm （α，2n }146Gd剖Eα＝23.5 

MeV from the 680・Cyclotronat CYRIC in Tohoku University. An enriched 144Sm metal 

target of -10 mg/cm2 was placed in an external magnetic field (B ext) of 13. 6 kG applied 

perpendicul訂lyto the beam -~etector plane. 

百四組gul訂 distributionsof the y -rays were measured by a HPGe detector剖 seven

angles between 64° and 1300 with respect to白ebeam direction. 百ieX-rays of Sm were 

measured by another HPGe d~tector in order to normalize the beam intensity. 

百ieper知rbedangular1 distribution of y-rays at different tempera知resbetween 300 and 

750 K has been measured. 百四 typicalangular distnbutions are shown in Fig. 1.百1e

con凶butionof the spin relaxation effect, which may disturb the angular distribution, has also 

been confirmed (see Fig. 2). ，お aresult,血iseffect was n句rectedbecause the measured spin 

relaxation time was much longer than the half-life of the 3・state.

百1etempera旬redependence of the product g・ f3, extrapolated to T→ oo, yields出c

result 

g(3・）= + 1.14 (22) . 

If only the (v f 112③ 3・） and v i 2113 componen包訂econsidered for the 1229 keV state of 

143Nd, the g-factor of the 13/2+ st剖CC釦 bewritten by the additivity relation as 

g(13/2+) = 1/13 [ 7g(f 112) + 6g( 3・）] a2 + g( i1312 ) ( 1・a2), 

where a is the amplitude of the ( v f沼③ 3・）admixture.百 evalue of a2 is evaluated to be a2 

= 0. 40(9) from白epr凶切twork by using the effective g-factors for each component listed in 

Table 1. This 1紅geadt叫xtureof恥（v f 712R 3-) component h出e1229 ke V level should 

C卸 sethe enhancement of B伊3）組dis similar to曲ecぉeof血e997 keV 13/2+ level in 
t47GdS.6). 
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Table 1. Effective g-factors for components. 

Component 

3・State

13/2+ State 

v f712 

とムJa.

均一気ロ

ニ
L

A仏

n
u
A仏

Reference 

p四sentwork 
t43Nd 2> 

t43Ndη 

Isotopes of lead釦dme配urv8> 

(a) (b) 

2 2 

1.8 o B Up T = 300 K 1.8 o B Up T=750 K 

• B Down g ~ = 0.40 (11) • B D。wn g ~ = 0.71 (22) 

1.6怜 l 1.6 (l)Lτ＝ -0.072 (19) rad 

：：［、 1.4 

1.2 

0.8 
40 140 

Fig. 1.百eangul釘 distributionfor the 1579 ke V Y叫剖由eroom te時間旬民（a），組d剖750K (b）・

60 80 100 120 

－「
L
判。0

．
 

向日
L ・
60 80 100 120 140 

deg 

0.5 

も 1.0

0.001 

o.仰2

0.0 

Fig. 2.τ'he spin relaxation time剖 650K.

1000 500 400 300 

Tempera加問（K)

Fig. 3. The tempera加詑 dependen岱 of也eproduct g ・β． 

o.oo5 0 5 10 15 20 25 30 35 40 
ns 

27 



CYRIC Annual R句port1997 

I. 7. Nuclear Charge Distribution of Fission Products in the 
System of Proton-Induced Fission of 232Th 

KajiD., GotoS., KudoH., FujitaM.ぺShinozukaT. *, and Fujioka M. * 

D句par伽 entof Chemistry, F acuity of S cienc匂 NiigataUniversity Niigata 950-2102 
Cyclotron and Radioisotope Center, Tohoku University* 

百1eprocess of a nuclear charge division of a nucleus fissioning泊totwo fragments is 

of great interest in connection with a mぉssplitting in nuclear fission. Accordingly, the 

ch紅gedistribution of fission products provides an important information about nuclear 

fission mechanism. 

In the pr岱 entwork, nuclear charge distributions of fission products in白cproton-

induced fission of 232Th have been studied by the use of an ion-guide isotope sep紅atoron-

line, IGISOL. 百1eincident proton energies were 13, 16, 20, 24, and 26 MeV. 百1e

determination of fission products was made by a gamma-ray spectrome甘y. 百1eobtained 

radioactivities were converted to either independent yields or p訂tialcumulative yields by 

co汀ectingthe amount of the feeding from precursors，江any.The analysis wぉ performedby 

assuming a Ga凶 siancharge distribution with repres印刷iveparameters Zp and C, whereζis 

血cmost probable charge of a given mass chain and C is the width of血edistribution1>. In the 

present work，組 energydependence of the parameter ZP was discussed. 

’The di妊erenceof the zp of a given mぉschain fo巾 edifferent energies w錨 discussed

with eliminating tr釦 sportefficiencies in IGISOL. If two different elements Z1 and Z2 for 

different bombarding energies E1 andιare obsetved, the di百erenceof the ZP is expressedぉ

follows2) 

dZ -z F. -Z "'_ C In ｛~z1E1Pz2E·司
- p • .t:.1 LJp・勾 -2(Z2・Z1)且U ¥p Z2 £1 p Z1 E2IJ’ 

where Pz;. Ei is an加dependentyield and the width parameter C was assumed to be山 same

for different energies3＞.百1eobtained dZP for A=90, 121, 135, and 142 are plotted versus the 

泊cidentenergy in Fig.1. It is found白紙the2トofA=121 slowly increases in the investigated 
energy range，組d由説血eZ/ s of A=90, 135, and 142 rapidly increase in the energy range of 

16・24MeV and slowly increase in 24・26MeV.

A mぉschain A=12l belongs to a typical symmetric mぉsdivision and those of A=90, 

135, and 142 belong to a typicalぉymmetricmぉsdivision. According to the calculated 
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con位・ 1tion of mult争lechance fission, in the symme凶cfission only the 1st chance fission 

(p, f) mainly contributes in present incident energy region, w bile in the asymmetric ission the 

3rd chance fission (p, 2n乃becom岱 predomin制瓜 higherenergies4＞.’Therefore, the 

influence of the multiple chance fission on dZP should be taken into account As a first 

approximation, it wasぉsumedthat inぉymmetricfission only the 1st chance fission 

contributes in the low energy region, while only 3rd chance fission contributes at high 

energies (24・26MeV). ’Therefore, it may be concluded that阪 Zpfor A=90, 135, 142 

increases rapidly剖 ther叩 geof 16・24Me V by the influence of a multiple chance fissions and 

increぉesslowly at the range of 24-26 Me V without the influence of chance fission.百iatis to 

say, the presence of multiple chance fissions is indicated for asymmetric m鎚 Sdivision. 

百ieslope for dZ P of A= 135 is larger白anthat of A=90, 142剖 therange of 13・20

MeV. 地 sschain A= 135 includes nuclei of N =80 neu仕onshell. 百iisis probable because 

恥 Zpof A=135 inαCお岱 rapidlyat the range of 16-24 MeV. The detailed analysis is now in 

progress. 
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I. 8. PAC Speqtroscopy of Fe Oxidized in 1 Atm Air 

Hana,da,R. 

Institute for Materials Researc.九TohokuUniversity 

Introduction 

In a previous report qy the present author, a huge PAC signal wぉ observedin Fe 

oxidized in a poor vacuum (10勺 0・1Toη，a vacuum by a mechanical pumpう Amagnetite 

phase (Fe304) is formed at the surface layer where the implanted min probe resides thus 

giving rise to a large precession signal, of which origin is a magnetic interaction. 百1ework 

has been extended further to a specimen oxidized in 1 atm air in the present. 

Purposes of the pr岱entexpe巾nentare (1) to examine the reproducibility of the 

reported experimen凶 resul抱 and(2）ぬgiveinterpretations for the results. For instance, the 

site of 111 In in the magnetite，出esign of the hyperfine field, the temperature dependence of the 

signal etc. Also白epr岱 entresults will be compared with those of the past researches 

performed as fe凶teresearches2-4). 

Experimental 

AJohnson Matthey E'e specimen was implanted with lllln剖出eenergy of 50 ke V to 

several 10 μ Ci at RT.官1especimen was annealed剖 300C in 1瓜mair for 45 min. With 

measu巾1gPAC spectrum at RT, the specimen was annealed in a high or low vacuum for the 

total of 7 hrs. 

Result 

Fig. 1 shows PAC spec甘afor the specimens treated錨 desαibedabove. As reported 

in a previous report, the precession signal is not I訂geand almost featureless in the as oxidized 

s凶 e（り.After 1 hr annealing in a high vacuum at 400・500C, the signal remains featureless 

ぉ shown（益）or (iii）・ Thisis a different result from the one oxid包：edin 10-2-10-1Torr in ref. 1, 

where the PAC signal gro~s to a huge on岱泊 only1 hr annealing in a high vacuum. 百1is

悦 ndremains up to the prolonged annealing for 2. 5 hrs in the present （吟（vi）・ Afterthe 

annealig for 7 hrs in a high or low vacuum, a largr precession signal corresponding to a 

magn倒 etakes place as shown （吋i）ーやiii).The effect of由Cvertical magnetic field is a lso the 

same as reported in ref. 1.百ieonly di百erenceof由epresent result台omthe ones reported in 

ref. 1 is the longer annealing time of 7 hrs in a vacuum to obtain a large PAC signal. In the 
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present悦 剖ment,the oxidation treatment泊 1atm air seems to form a thick layer of mag-

hematite (Fe203）泊 whichthe signal remains featurelessぉ reportedin ref. 1. The longer 

annealing time is necessary for the mag・hematiteto transform into白cmagnetite. At present, 

how this甘ansformationtakes place is not known. Possibilities are (1）山 mag-hem剖ite

phぉefront proceeds to a metallic Fe phase producing血emagnetite phase or (2) part of 

oxygen difuses out to the vacuum thus reducing Fe203 into Fe304・

Discussion 

Extensive works have already be done on physical properti岱 offerrit岱 ofwhich part 

will be summarized h白cfollowings5・6>. For magneti夙 36oxygen ions form a fee s甘UC制re,

of which tetrahedral sites (surrounded by 4 oxygen ions) are ocuupied by 8 Fe山 ionsand 

octahedral sites (6 oxygen ions) by 8 Fe＋＋＋制 8Fe++ ions. This configuration is 

energeti叫 yinfavorable (Coulomb ene伊 ticallythe other way has lower en句 y)but the 

na旬reworks in血isway and many ferrites system takes this configuration. So this group is 

called ”inverse”spinels. Sometimes, the tetrahedral site is called A site and the octahedralぉ

B site. 百iemagnetite is a f errimagnetic material血atFe ions at A sites have opposite spin 

against those in B sites. ’The maαoscopic magnetization is carried by 8 Fe++ ions in B site 

since A and B sites Fe+++ spins cancel out each othe~. 

First, we discuss the site which In ion occupies in the magnetite.百iesubstitution of 

non-magnetic In ions with Fe ions causes a net inα・eぉeof the macroscopic magnet:包ation,

which means出atIn ions substitute for Fe ions in A site2>. In a previous report by the present 

author, a CEMS result was reported where 57Fe ions occupy two different site in the 

magnetite designated as I and 111>. 百iisn副凶ngshuld be changed as A and B site. 百ieone 

(I) with a higher hyper me field should be calledぉ Asite and with the lower one (II) as B. 

So也emin in the present PAC spec佐oscopyoccupies the A site in出cmagnetite since stable 

In or radioactive In behaves in the same way chemically. 

Next, we discuss the sign of the hyperfine field at 111In nucleus剖 Asite. A close 

inspection of the period of the precession signal (a Fourier analysis shows the甘endbetter but 

not shown here) reveals由atthe period of吐ieprecession is slightly shorter for the spec甘um

with釦 externalmagnetic field than that without the field.百tismeans由atthe hyperfine field 

剖 111Innulceus is increased with the application of the external field. Namely the external 

field is additive to出ehyperfme field or the sign of the hyperfme field is positive. Since the 

maαoscopic magnet包ationis caused by the Fe件 ionsin B site，出eFe叫 ionsin A site should 

have an opposite spin direction. So one can conclude that血ehyperfme field direction at A 

site 111 In nucleus is parallel to the B site ions magnetization and anti-parallel to that of A site 

ions.百ieopposite field direction for ion againt白atof the nucleus as observed for A site is 

q凶tecommon for magnetic materials, the best known example is th剖 formetallic Fe. 

Next, we discuss the temperature dependnce of the spec甘um.Fig. 2 shows a 

spectrum measured at 77K which shows a strong dumping白紙 havenever been observed at 
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RT me錨 urementon the same specimen. 百四 dumping is a result of血ehyperfine field 

broadening as shown by the Fourier component's broadening. (Not shown here) 

百1emagnetite has been known to be a good conductor at RT but the conductivity 

drops by 2 order of magnitude1 below the Verley transition剖 125K6）.百1isis interpreted as 

the electron hopping among Fe＋＋釦dFe+++ ions in B site is frozen below the transition. If由is

model is applied to the present，出chyperfine fluctuation at A site by B site electron hopping is 

smoothed out瓜 RTbecause of恥 highhopping 凶 e(A motional narrowing). Below the 

Verley佐ansition,the hopping ceases giving rises to the fluctuation which resul路 inthe 

broadening. 

官1efe汀itesFe203 and Fe304 have been studied by Asai et al in details by PAC 

spectroscopy3・4)_ Although their spec卸1ensprep訂ationmethod or the geometry of白ePAC 

spectroscopy are di妊erentfrom the present, the results on the hyperfine parame旬rs, the sign 

and the magnitude, the temperature dependence show an excellent agreement with the present. 
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I. 9. Fe Oxides Phase Transformation by CEMS and TMS 

HanadaR. 

Institute for Materials Researc.九TohokuUniversity 

Introduction 

In several reports by the present author1>, a huge PAC signal by lllln in magnetite 

(Fe304) has been found for Fe oxidized in a low vacuum (10・2Torr). CEMS for an enriched 

foil given the same treatment as PAC hぉ proved出剖PACsignal is large in magnetite (Fe304) 

but not in mag-hem剖ite(Fe293). A result of si凶larPAC spec甘oscopyon Fe oxidized in 1 

a加 airis reported in a separ剖epaper in this volume where a detailed interpretations and 

comparison with others are d~scribed. 

In this report CEMS as well as well as transmission Mossbauer 印 刷oscopy（別S)

have been applied to identify several kind of Fe oxides formed after oxidation or reduction 

仕切加ienぉ． These results will be useful to examine species of oxides formed or how they 

transform to each other at certain tempera知rerange. Also it is expected that combined 

measurements of CEMS and TMS on a spec加 enshould show how deeply these oxides are 

formed on Fe surface. 

Experimental 

加幻Feenriched foil (10xl0mm2xl.3μm) oxidized at 500C in 10・1Torr air for 30 

min. After the i凶tialoxidation treatment,血especimen was annealed in a high vacuum (10・

7To町）between 500 and 1000 C. During the annealing CEMS and TMS have been applied. 

CEMS probes the surface layer of O. lμm thickness and TMS covers the whole thickness of 

1.3凶n.

Results and Discussion 

Fig. 1 shows the CEMS results. R抱htafter the oxidation悦伽ent(i), we can see 

only Fe and Fe203 componepts in CEMS. So only Fe203 is formed on the surface .region of 

thickness 0.1開nmixed with not yet oxidized Fe. 百teFe203 visible加 CEMSis almost 

completely missing in TMS 1 showing the layer thickness is too small for TMS. Qualitative 

analysis for this result is now in progress. 

Annealing in a vacuum, however，甘ansforms血isFe203蜘 Fe304ph蹴 asshown 

by Fig. 1・（ii)and (iii）・百iisreproduces the previous result for PAC and CEMS on oxidized 
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Fe repor吋＞.Fig. 1・（iv)is a CXMS ( convぽsionx-ray spec甘oscopy)result on the spec加 en

for (iii) to compare the range of CXMS with those of CEMS組 dTMS but the resul包 willnot 

be discussed here. 

After these me錨 urements出cspecimen was warmed up to 1000 C and then the 

spectrum was measured at RT. (Fig. 1ヤ））． Here a new oxide component t水路 place

between ・2and Omm/s, which is identified as F心（wiistitephase) by a measurement on FeO 

powdぽ obtainedas a chemical.百iiswiistite phase grows with出eexpense of Fe and Fe304 

phases by釦rtherannealing瓜 900C in the vacuum. (Fig. 1ーやりかii)). This result shows 

th剖 FeOphase is the stable phase in these temperatures. 

These results may be summarized as follows.αice oxygen is introduced to Fe host 

by equilibr剖ionwi由oxygenatmosphぽe,Fe203 phase is formed first on the surface. When 

this oxidized Fe is annealed in a high vacuum, the oxide transforms into other oxide phases 

with less O/Fe ratio.(Fe203=1.5, Fe304=1.33, FeO=l.O). TMS spectra in由esetempera知re

range also show the FeO phぉebut only partly and metallic Fe phase still remains. So the 

oxides formation is still limited to the surface region. 

After all由cmeぉurementthe specimen wぉ annealedin 1 atm hydrogen atmosphere at 

600C for 3 hrs (Fig. 1-(v出））.Wi自由istre剖ment,the spectrum recovers into出atof metallic 

Fe. So血ishydrogen annealing is sufficient enough to remove the oxide phases企omthe 

specimen. 

Fig. 2 summarizes the results descnbed above, where the amount of each phぉeis 

plotted against the annealing tempera旬retoge白erwith the same values obtained by TMS. 

The measurement have been done successively as arrows in Fig. 2 indicate. 

百ieseresults will be useful to prepare an oxide phase which one wishes to study by a 

nuclear methodぉ PAC.Direct lll In implantation to the oxides seems not to work probably 

because of the d担nageintroduced瓜 thesame time2>. Unfortunately m In diffuses out of the 

Fe or oxides specimen below 600C and so the technique will not be applicable to FeO phase, 

for which formation an annealing above this temperature necessary as shown in Fig. 2. 

As far as Fe203 or Fe304 concerned, the pr岱 entmethod of oxides prep紅ationis more 

simple and convenient than the chemical syn也esismethod, where a sophisticated radio 

chemical technique is req凶redfor the probe introduction. 
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I. 10. PAC Spectroscopy Fe Heavily Damaged at 77 K 

HanadaR. 

In刻印tefor Materials Research, Tohoku University 

Introduction 

Recovery of point defects introduced at low temperature irradiation has been one of 

the major subject in solid state research. Different from other me凶s,stage I of Fe is pr岱 ent

exceptionally剖 hightemper剖ure,say between 77 Kand 120 K, and so a damage study is 

possible even after the irradiation剖 77K. To apply出cPAC technique for the study of point 

defects recovery in Fe and extend the temperature range of investigation, a radiation damage at 

77 K and subsequent annealing between 77 K and RT for PAC spec甘oscopyhave been 

a枇emptedin出epresent, of which results will be reported in the following. 百ieresults 

remain preliminary and further study will be necessary. 

Experimental 

αie of由csimplest way to introduce a radiation damage in hyperfine techniques is the 

probe implantation at low temperature, say at 77 Kor 4.2 K. Namely, if由ePAC probe 1111n 

is implanted剖 50ke V, about 500 pairs of Frenkel defec包（p誼 ofa vacancy and an 

interstitial) are produced per one incident ion, of which distribution almost overlaps with th剖

of implanted ions. So one can perform the damage and the probe introduction at the same 

time in this method.百lismethod wぉ appliedf註stand found not to work. All m In activity 

attached to a specimen by the 77 K implantation w鎚 foundto be washed out by dipping the 

specimen in acetone bath after the annealing study between 77 Kand RT. Gas岱（w剖ぽ and

hydrocarbon) in the implantation chamber seems to have condensed on the specimen surface 

during the implantation and 111 In seems to be stopped in the condensed gぉeslayer. 百iisis 

confirmed by the fact白瓜noprecession signal with the 11 ns, the well known one for m In in 

Fe substitutional site, hぉ beenfound in the annealing experiment between 77 K and RT. 

Better vacuum (10-6 To汀 h由epresent) and/or introduction of a cold spot in the chamber will 

be necessary for the successful implantation at a low temper剖ure.

So由ismethod wぉ discardedin血cpresent and another approach hぉ beenapplied. 

Here, 1111n加plantationhas been done at RT followed by the annealing剖400C,and then the 

specimen was cooledめ 77K for a radiation damage by ions implantation or rather to say, by 
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ion irradiation.百1eannealing at 400C is to eliminate the damage by the 111 In加plantationand 

the ion irradiation for the production of damage. 

百1etemperature of 400C may not be high enough to anneal out血call the damage 

introduced by the implantation but must be limited to it since part of 111 In diffuse out of the 

specimen if annealed above伽 t.(Seeseparate report in this volume for u1In TDS）・

For the ion irradiation剖 77K, Ar ions at 40 keV was applied to doses between 

0.5, 1.0 and 5xl016/cm2. A high purity Johnson Matthey Fe was used for the specimens. 

百ueeruns were performed釘nongwhich the result for the one with the dose 1016 /crn2 will be 

reported. 

Results and discussion ／ 

Fig. 1 shows a calculated damage and ion distributionσ'RI附 forAr ions at 40ke V in 

Fe.’The maximum of由ed泊~age is at 100 A, almost the S創newith血atof血e50 keV 111ln 

ion distribution, and the Ar ion maximum concentration is剖 200A The damage is so high 

白瓜itis plot記din the unit of dpa (displacement pぽ 剖om）.’Thedpa 20 means an Fe atom剖

one lattice site is displaced 20 times by the irradiation.官邸 number,however, should not be 

taken too latterly, since τ'RIM neglects all the dynamical recovery or the effect of thermal 

spike, by which part of Frenkel pairs recombine to lower the real damage concen甘組on.

Nevertheless, Fig. 1 shows the low energy ion irradiation is quite efficientぉ amean of 

damage production.百iisis reぉonablesince all the ion enぽgyis diss抑制justin a血inlayer 

of several 100 A血ickn岱 Snear the surface. Also Ar concentration is quite high as 4.SxlO・

2(4.5at%or 4.5xl04 atppm) if compared with 111ln concentration of 10-6(1 atppm) for lOμCi, 

typical for PAC spectroscopy. 

Fig. 2 shows the PAC spec甘afor JM Fe before and after the Ar irradiationぉ wellぉ

during白 isochronalannealing (10 min) between 77 Kand 200 C measured剖 77K. As 

shown in Fig. 2, the precessipn signal of血eperiod 11 ns, well known as for the 111ln in the 

substitutional (S) site without trapping defects or加purities,is the main one in the present. 

Despite of th岱 ehigh Ar concen仕組onぉ wellas血edamage concentration, most of the 

加plan同 1111nare at出e叫S伽 tional伽 inthe Fe lattice without甘叩pingd批包 orAr 

impurity. A Fourier analysis (not shown here) of出eresult also suppo巾 theview也剖 the

main component is剖 about40T （血eangular frequency is converted to出ehyperfine field by 

the relation c.o= g凶I/Ji)corresponding to 111 In剖由eS site.百四日rstharmonic (2c.o) is present 

血ough白eamplitude is much smaller th組 thatexpected for the case of no external magnetic 

field as in the present. 

Except for白ese,several additional components with smaller担nplitudeswere noticed 

at 34 T between 170K and I 300K, 26 T between 130 K 組 d260 K and at 14 T for all 

temperatures. If one applies 1 a naive picture of the effect of a defect on the hyperfine field of 

Fe, namely non magnetic defect (a lattice vacancy) substitution for one Fe atom among批 8

nearest neighbors reduces血chyperfine field by 1/8, these componen包 should∞ηespond to 
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lV, 3V組 d5V, respectively. 百1e5V component is probably formed by the 111 In 

implantation and during the annealing at 400C. 

百1epresent method of damage production by ions irradiation is considered to be better 

than the simultaneous production during the probe implantation. This is because that one c組

control the damage and ion distribution，出eamount of damage etc by selecting the species of 

ions. Also one can avoid the effect of correlated damage, which is inevitable in the 

simultaneous damage introduction during the probe introduction. 

Further experiments with varying the species of irradiating ions and energy are now in 

progress. 
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I. 11. TDS of 11110 Implanted to Fe by A Radioactivity 
Measurement 

Hana,daR. 

Institute for materia.ls Researc九TohokuUniversity 

Introduction 

As shown in several reports, TDSσbぽmalDesorption Spec甘oscopy)is an useful 

method to study the state of impurities or to determine the diffusion coefficients of them in 

solids. Usually gas impurities as He or other r訂cgぉes訂eimplanted to spec泊iens

(metals ,semiconductors etc) and their desorption upon heating is monitored by a proper gas 

analyzer as a mass tlter. In this report, an experimen凶 resultwill be shown to demonstrate 

that such a TDS is possible1 for non gaseous impurities by measuring the radioactivity loss 

from a specimen upon heating. 

Here TDS of a PAC probe 111 In implanted to metallic Fe or to組創norphousalloy has 

been performed of which result will be described in the followings. 

Experimental 

i11In wぉ implanted.to Fe or an出norphousalloy剖由eenergies between 30 and 

50keV. 百ieradioactivity was several micro Ci which is high enough for a G-M counter to 

detect it. The specimens (5x20x0.2mm3) were placed in a qu副 ztube evacuated to 10・7Torr 

and annealed isochronally 1 (20K/10min). After each annealing剖 atemperature, the 

radioactivity of出especimen wぉ measuredat a constant distance between the specimen and 

the detector with a proper correction for the background. This procedure wぉ repe剖edfor 

each annealing temperature between 100 and 800C. 

Result 

Fig. 1 shows the re~mlts of the measurement for 3 different spec加ens(2 Fe and 1 

amorphous alloy (2605S2））.’The heating凶 eswere obtained by deviding the tempera知re

interval by the duration of the isochronal annealing. 百四 upperthree curves訂ethe 

normalized radioactivity left in the specimens after each annealing. 百四 lowerone is the 

temperature derivative for one of the upper curves for Fe to show the desorption process more 

clearly. Fig. 1 reveals that 111ln is diffusing out of the specmens between 500組 d600C of 

which cen防 isat about 520C for Fe and slightly h抱herfor the amo中housalloy.百iepart of 
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1111n th剖 diifuseout of the specimen deposits at the inner wall of the quar包 tube. Fig. 2 

shows the radioactivity distribution of the quar包 tubeafter血ccompletion of the expe巾nent.

Fig. 2 reveals th瓜 111In activity deposits at the part that is the outside of由cfurnace. 百ie

furnace p訂tis too W訂mfor lllln to deposit. If one places spec泊iens剖由ispart with a high 

activity, one can possibly prepare a PAC specimen for a surface state study. Such a method 

has indeed been employed by a Konstanz group1) 

Discussion 

百四result in Fig. 1 c釦 beused to determine the activation energy (Q) for In diffusion 

hαFe . Fig. 3 shows a calculated diffusion distance JDt as a function of the reciprocal 

temper剖urewith Q as a parameter. For the pre-exponential factor D0, a typical expe血nental

value for impurities diffusion inαFe is used. For the duration t, the experimental value of 10 

min is used. 

TRIM calculation shows that the In ions瓜血cenergy of 30・40KeV are implanted at 

the depth of 100 A (10 nm）企omthe surface in the case of F・e. Also Fig. 1 shows th剖 the

rate of In desorption is maximum at 520 C. Iρoking for the diffusion distance of 100 A at 

520 C in Fig. 3, the curve with Q=2. 4e V shows a reasonable agreement. So one may 

conclude白剖 thisvalue is a good estimate for the activation energy for In diffusion in Fe. 

Unfortunately, no甘acerdiffusion measurement is available for In in Fe. However, a 

compil剖ionof impurities diffusion data in Fe reveals th剖 theactivation energies of卸ipurities

diffusion in Fe systematically decrease with increasing family number in the periodic table2>. 

For instance，面白e4由 period,the activation energy is the highest for Fe self diffusion and 

decreases with the increぉingfar凶lynumber as Co, Ni and so on.百iis町endis also甘uefor 

the 5th period and the measured values for Sn (z=SO) or Sb (z=Sl) are smaller than白atof the 

self diffusion by 0.2・0.4eV.百1eabsolute value for Fe self diffusion in fe:汀omagneticregion 

reported as to depend on恥 ferromagneticorder泊gparametぽ（s) as 2. 596 (1 +0.156 s2) e V3>. 

Using the value of s=O. 8 at 520 C, the activation energy for Fe self diffusion at 520C is 

estimated as 2.84 eV. 百ievalue for In, Q=2. 4e V, obtained in the present also shows the 

trend of the activation energy deαeぉewith the increasing family number and the magnitude 

of the decrease is comp紅 ablewith those of Sn or Sb. So the value is considered to be 

reasonable. For more precise determination of the activation energy by the present method, 

an analysis with taking into the initial impurity distribution by ion implantation will be 

necess訂y. Also technically, the continuous activity meぉurementwith a proper shielding 

only to measure the specim印刷vitywill be useful to obtain more pr伺民団Sspectrum 

with less labor. 
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I. 12. Preparation of Si Specimens for 57Fe Mossbauer 
Spectroscopy 

Hanada.R. 

Ins ti加tefor Materials Researc.九TohokuUniversi砂

Introduction 

Transition metals impurity in Si have been a subject for basic research as well as for 

industrial application. Especially Fe impurity in Si h錨 beenstudied extensively by both 

macroscopic as well ぉ bymiαoscopic methods. This is because出atFe ions form a deep 

甘app加gcenter for carriers and so Fe contamination, which eぉilytalces place during the 

fabrication, gives rise to a serious problem in the devices manufacturing. 

Fe ion in Si is characterized by it’s large diffusion coefficient and by the low solid 

solubility.官1eactivation energy for diffusion is reportedly 0.44eY.・0.9eV組 dthe ma対mum

solid solubility of 1014-4×1016 /cm3 (Feβi=0.2xl0-a-10-6)1>. Moreover the site of Fe ions in 

Si lattice seems to be not well established, namely whe由erthey sit剖 substitutionaland/or 

interstitial site. 

In a previous report by the present author on PAC spec甘oscopyon Fe implanted Si2>, 

a small precession signal was obseived n伺 rRT, which was ascribed to a pair of Fe ion and 

the probe 111 In. However the local Fe concen佐ationis rather high at血atexperiment and so 

Fe may have been precipitated with inco中orating111 In・Sothe signal may have been caused 

not by the p泊rbut by the EFG of Fe precipitates. So it is desirable to study the state of Fe in 

Si in de凶lby other method, for instance, by Mossbauer spec甘oscopy.Here, in the present, 

a small amount of metallic 57Fe was血ermallydissolved in Si and Mossbauer spec甘oscopy

was performed, of which result will be reported in .the followings. 

Experimental 

Si singleαys凶s(10×10x0.05mm3) with (111）釦d(100) orientations wぽewarmed 

up to 1200・1300Cwith a small amount of metallic 57Fe (2・3mg) in a vacuum. After 10 min 

剖 1250C, the furnace wぉ movedout to cool恥 sp似 menrather fast (lOOC/s). After the 

甘eatmentthe metallic 57Fe was found melted and diffused into Si bulk. In the case of 1300C 

組 nealing,a small hole was found at血epoint where 57Fe wぉ placed.百1eseobseivations are 

reasonable since a Fe-Si phぉcdiagram shows that組 eutecticpoint is present at 1220び）．
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To study the state of 57Fe in Si, Mossbauer spec甘oscopywas performed in a 

transmission mode. With a lead shield with a Smm diameter slit, Mossbauer spectroscopy 

was performed at several points of the Si specimen. 

Results and discussion 

Fig. 1 (a) shows the spec甘ummeぉuredat the point where 57Fe is melted. 百1e

spec甘umis a superposition of a single paramagnetic line and a doublet, of which origin is 

quadrupole splitting. This shows白紙幻Feis not泊恥 formof me凶 anymore (if so a 

magnetic sextet should be present) but in a form of a compound with Si. Fig. l(b) shows the 

spectrum measured at a point 5 mm from the melted p訂t. Although白ispart looks as a 

normal Si crystal and no effect of 57Fe melting is noticed, we see加 absorptionspectrum by 

57Fe. Namely 57Fe diffuses to this part during the short annealing t加cat 1250C. 百1e

spectrum consis匂 ofa single paramagnetic line and no doublet splitting is present with the 

width comparable with th剖 inFig. l(a) . 

百1eaverage concentration of 57Fe in Si is estimatedぉ about2. 5 at % or Bx 1020 /iαn3 

from the measured weights of 57Fe and Si.百1isconcentration is far above the maximum solid 

solubility limit of Fe in Si. So one can conclude that 57Fe in the present are in a form of 

precipi句協（compounds)but1not in the form solid solution of ~solated Fe atoms. ’The phぉe

diagram sugges包乙 compounds（αand ~） are the most likely ones to give rise め the

ab so中tionspec佐um. Altho'1gh血cspectra look simple, the line widths訂erather broad 

sugg凶 tingthere are many components in them that corresponds to different kind and/or size 

of the precipitates. 

Further measuremenfs at high temperatures are now in progress for further 

ident泊cationof th蹴 preci併tates. Also more de凶 ed釦 alysisfor恥 presentis now in 

progress. 
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Fig. 1. (a) 57Fe Mossbuer spec回 mthermally dissolved in Si(lOO). Mel凶 part.
(b）百esame部 Fig.l(a)but Smm from曲emelted part. 
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I. 13. High Temperature Mossbauer Spectroscopy in Ni 

HanadaR. 

Institute for Materials Research, Tohoku University 

Introduction 

Mossbauer spec甘oscopyis an useful tool to investigate physical properties of solid. 

Among them, study of di任＇1

血cspectroscopy1・2>. For the diffusion study, a high temperature m飽 surementis inevitable 

for the case of metals, since the jump rate must be high for the diffusion process to affect the 

spectrum. Also study of magnetic properties has been one of山 mainSU町民tof恥

spectroscopy. Aiming to . investigate these properties 剖 hightemperature, Mossbauer 

spectroscopy above RT has been started. Among them, a result on Ni, where the temperature 

dependence of the magnetic properties are investigated, will be reported. 

Experimental 

A血infoil of Ni (10xl0x0.0lmm3) was annealed in a vacuum with several mg of 

metallic57Fe at 1300・1350C for 2 hrs. Although Fe組 dNi form a complete solid solution if 

Fe concentration is below 6乱%as in the present, they stay in a solid form at these 

temper瓜ures叩 dso a long annealing wぉ nee凶 saryfor 57Fe to diffuse泊toNi bulk. Whether 

57Fe diffuses into Ni bulk or not will be judged by the measurement of the hyperfine field as 

will be shown later. 

百ieNi specimen was placed in a chamber evacuated by a’TMP and Mossbauer 

spectroscopy wぉ performedin a甘ansmission mode with 57 Co/Rh as 由e source. 

Tempera知r凶 duringthe measurement were measured and controlled by an alumel-chromel 

thermocouple with ±3 C accuracy. 

Result and discussion 

Fig. 1 shows the Mossbauer spec甘aby 57Fe dissolved in Ni at the measuring 

temperatures between RT and 350 C. 

百ieresult at RT shows白at由espec甘umis a sextet, typical for the probe in a 

ferromagnetic environment.’The separation between the line 1 and 6 meぉur1岱 themagnitude 

of the hyperfine field and 28.5 Twas obtained for 57Fe in Ni lattice, which shows a good 
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agreement with the reported one3). From this result one can conclude血at57Fe has diffused in 

to Ni substitutional site in the diffusion treatment described above. 

Inspection of the results at higher temperature reveals three e妊ectsof the temper剖ure.

百1eseare, 

(1) The reduction of the magnitude of the hyperfine field with the increasing 

temperature. Namely, the separation 1・6gets smaller with the increasing 

temperature. 

。） The decrease in the recoilless fraction (t) with the increasing temper瓜ure.

Namely the area of the absorption dip gets smaller with the increasing temperature. 

百iismeans白剖onemust wait for longer time until one can get a good quality 

spectrum as RT. Even with this precaution, the absorption dips get smaller with 

the increasing tempera同reand so the results are plotted in a doubled scale above 

473K. 

。） Appearance of a paramagnetic line near Omm/s above 373 K.’This shows that Ni 

lattice is divided in two phases, a fe.πomagnetic phase組 da paramagnetic phぉe

above 100 C. At the highest temperature of 623 K, the ferromagnetic phase almost 

disappears and the paramagnetic phぉcgrows to dominate the spectrum. 

’These results are summarized in Fig. 2, where the populations of each phase and the 

magnitude of the hyperfine field釘cplotted as a function of the measuring 

temperature. 

’The result (1) is quite common in hyperfine interaction s旬di凶 inmagnetic materials. 

Namely，削 themagni加deof the hyperfine field (at the nucleus) shows almost the same 

temperature dependence as the macroscopic magnetization. 

’The result (2）訟 alsoqui飽 commonin Mossbauer spectroscopy that由crecoilless 

fraction (t) is given ぉ何.xp(-6~＇取引 where~ is由crecoil energy, 1. 94 me V for the 

pr凶 ent,eD is Debye tempera旬re.So the absorption should get smaller exponentially with the 

temperature as qualitatively observed in the present. 

’The results(3) clearly reveals that the Ni magnetic phase consis包 oftwo phas民 a

paramagnetic and a ferromagnetic phase, even below the Curie旬mperatureof 643 K. 百1is

means血atWeiss’s mean field theory for a ferromagnetic phase can not be applied for the 

experimen凶 resultsbased on the hyperfine interactions technique as in the pr岱 ent,which are 

in principle miαoscopic in nature. Namely, the白eorybased on a short range magnetic 

ordering will be necessary to expl必nthe present result. 

Further investigations are in progress together with Fe which shows almost the same 

trend as in the present Ni result. 

47 



References 

1) Singwi K. S.副 SjolanderA.:Phys.Rev., 250 (1960) 1093. 
2) Boyle A. J. F. et叫： Proc.Phys.Soc.(London)77 (1961).129. 
3) Wertheim G. K.組 d臥icban組 D.N. E. : J. Phys. Chem.Solids 28 (196η225. 

Velocity, V/mms・1 

Mossbauer spec甘umby 57Fe dissolved in Ni錨 afunction of measuring tempera加re.Fig. 1. 

TIC 
100 200 

－
M
O官

g
z
z
o
ロま

100 

300 

叶
nEO（

A
M
U
h
F

穴）

Ni 

。
30 

A

U

n

u

 

司，－

2
1

ト
云
ぜ
－
t
L
g恒
ωιhz

。

Fig. 2. Summary of the hyperfine field組 d由epopul剖ionof each ph筒 eぉ afunction of the measuring 
temperature. 

48 

600 500 

T店〈

400 



CYRIC Annual Report 1997 

I. 14. Evaluation of Ductile-Brittle Transition Behavior of 
Helium-Implanted Reduced Activation 9Cr・2羽rMartensitic Steel by 

Small Punch Tests 

Kimura A., Morimura T. *, Kas，“おR.,Matsui H. *, Hasegawa A.**, and Abe K. 

JAE, Kyoto Universiη， 
/MR, Tohoku Universiη＊ 

Dept. of Quantum Science and Energy Engineering, Tohoku Universiη＊＊ 

Introduction 

He induced embrittlement is one of the critical issues of fusion structural materials in 

which several thousands at. ppm of He is estimated to be generated during r伺 .ctoroperation. 

It is well known血ata small amount of He enhances irradiation embrittlement of austenitic 

steels 1-3> and some vanadium alloys4・5> in白etests at relatively high temperatures accompanied 

by the change in出efracture mode from仕組sgranul訂 tointergamular cracking. In con町ast,it 

was reported出at白emartensitic st伐 lswere highly resistant to He bubble-induced grain 

boundary embrittlement6-8> at high temperatures. High resistance to批 babbleformation in 

出emartensitic steels is considered to be attributed to甘appingof He atoms and point defects 

in the martensitic s位UC加rewhich prevent He剖omssegregating to form He bubbles at grain 

boundaries. 

Ductile-brittle transition behavior is characteristic to body centered cubic metals such 

as martensitic steels, and irradiation hardening usually results in an increase in the回 nsition

包mperature.He implantation technique is more effective to evaluate He effects directly. In 

出isstudy，出eeffec臼 ofHe implantation on the ductile-brittle transition behavior of 

martensitic steel has been investigated by means of small punch test technique. 

Experimental 

The material used is出eJLM-1 reduced activation 9%Cr martensitic steel. The 

specimen was Normalized at 1323K for 30min and出entempered at 1033K for 30min, 

followed by air cooling. Specimens were punched out into disks, which measure 3mm 

diameter and 0.22mm thickness. All出especimens were fixed by molten indium on the 

specimen holder shown in Fig. l and simultaneously implanted with 36MeV－αparticles 

whose range was estimated to be 0.23mm by cyclo甘onin Tohoku University_ An energy 

degrader was used to implant He into出especimens homogeneously, and the to旬IHe 
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concentration and displacement damage wぉ estimatedto be 120at ppm and 0. 048dpa, 

respectively.’The average specimen temperature is estimated to be 393K. 

Following the implantation, small punch (SP) tes包 werecarried out剖 temperatur凶

between 77K and 293K. 官1e,SP-DBTiwas obtained by measuring the SP-fracture energy, 

which was defined ぉ theto凶訂eabelow the SP load-deflection curve, at vanous test 

temper剖ures. Micro-Vickers hardness tests were performed on a specimen錨ーirradiated

condition. 

Results 

Micro-Vickers hardness measurement 

百1eresults of micro~ Vickers hardness measurements of both the surfaces of He 

implanted spec泊1enare shown in Fig.1. As clearly shown in the Hv-distance relationship 

diagram, the He implantation resulted in an incr悶 sein the hardness of the martensitic steel 

and the irradiation hardening appe訂 Sto be maximum瓜出ccenter of the specimen. 官1e

average implantation-induced hardening (AH v）剖白eirradiation surface and the reverse side 

of spec加 enis 45 and 35, r~pectively, indicating白紙almosthomogeneous irradiation and/or 

He implantation was performed on the specimens. 

Small Punch Tests 

百1er岱 ultsof load-deflection curves of unimplanted and implanted specimens瓜

various test temperatur岱 sh~wed 白at no significant eff ec脂 ofimplantation was recognized in 

出cload-deflection curves at ~empera知res between RT and around llOK.百1isindicates th剖

the implanted 120at ppm He hぉ noinfluence on the ductile shear rupture of the steel. Below 

lOOK, however, the load-deflection curv岱訂cmarkedly influenced by the加1plantation. In 

He implanted spec加e眠 tHemaximum loads剖 temp側 uresbelow llOK are伽 ostthe 

same, suggesting血atthe load corresponds to白efracture load in the lower shelf energy 

temperature region. In unimplanted specimens, however, the maximum load still decreases 

with decre路面gtemperature, which is because the transition from ductile to brittle does not 

complete yet even at 77K. 

Generally, a transition is observed in白etemperature dependence of SP properties in 

the He implanted specimen, , while the transition seems to be still incomplete in unimplanted 

specimens. 百1edependence of SP fracture energy on test temperature is shown in Fig. 2 

wi白 thefracture surfaces of implanted specimens. The diagram of SA fracture energy-test 

tempera旬reindicates白atthe due姐leto brittle仕組sitionoccurs at a low temperature in both the 

specimens with and without implantation, although again the transition in unimplanted 

specimens is still incompleted. 百1ebrittle fracture mode of He加plantedspecimen is 

cleavage fracture mode whi~h is the sameめ thatof出especimen unimplanted. 官1ぽeis no 

indication of grain boundat)j embrittlement even at low temp釘a知resafter the He implantation 

to 120乱 ppm. ’TheSP-DBTI, which is defined to be血ctemperature where the合acture
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to 120剖.ppm. The SP-DBTI~ which is defined to be the低mpera加rewhere the fracture 

energy is由eaverage value (0. l 8J) of the maximum and lower shelf energy, is evaluated to be 

81 K and 107K for unimplan旬dand implanted JLM-1 steel, respectively; the implantation 

increases the SP-DBTT by 26K. 

Since the intergranular fracture was never observed in the He implanted specimen 

even in the lower shelf energy temperature region, the reduction of intergranular fracture 

S甘・esscaused by formation of He bubbles at grain boundaries can be r司ected.The martensitic 

structure contains a lot of凶 ppingsites for He and point defects, and resultantly prevent He 

cavities from being formed at gr泊nboundaries. There is由epossibility白紙 the甘appedHe 

induces the reduction of cleavage fracture stress. 

Summary 

The effect of He implantation up to 120at. ppm on the ductile-br泊letransition behavior 

of reduced activation 9Cr-2W martensitic steel (JLM-1 steel) was investigated. The He 

implantation resulted in a shift in SP-DBTI to higher temperature and an increase in the 

micro々 ickershardness. These implantation effects were interpreted in terms of irradiation 

hardening caused by displacement damages without any enhancement by He. The martensitic 

struc制re,which consists of a number of dislocations, lath boundaries and carbides, contains 

a high density of trapping sites for He atoms and prevent He atoms from segrega白1g剖加y

crack nucleation sites. It is expected由atthe He embrittlement, whichever it is佐ansgranular 

or intergranular, will not occur until the He generation overcomes the capacity of甘apping

sites for He. 
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I. 15. Development of CYRIC TOF-facilities for (p,ny) 
Measurement 

α幼araH.,KawamiK., Yun C. C., TerakawaA., ItohK., YamamotoA., SuzukiH・pMizuno 
H., Kamurai G. 

Cyclotron and Radioisotope center, Tohoku University 

In the course of development of白eCYRIC TOF-Facilities1ベwehave constructed a 

fぉtneutron polar訂neterwith a liquid-helium scintillator3>, equipment for neutron induced 

experiments2>, those for high-energy y -ray detection4>, and neutron-proton coincidence 

measurement system for the (p,np) experimen也5>. In this report, we describe briefly the 

recently developed neutron-y coincidence unit for (p,n y) measurements. 

αie of the recent泊terestof nuclear physics is the quantitative relationship between the 

allowed ~ -decay probability and Gamow-Teller type {AJπ＝1¥ AL=O, and AT=l) (p,n) cross 

section, since these two processes are based on spin-isospin excitation, though the latter is 

form-factor dependent Proportionality between GT type p・decay釦 dMl transition is much 

more straight forward, the命ivingterm for them being similarly 〈伺〉．

Figure 1 shows a diagram for the relation among ~－decay, Ml y-decay and (p, n) 

reaction. Bold lines denote the analog states.百ielife time of the state '112 and the ft-value for 

the ~＋ transition v’I→'11 2 is considered to be related, where ¥11 1’s and '11 2 belong to the s訂ne

Wigner supermultiplet. Alternatively, the GT-like (p,n) cross section may be relatedね they-

decay matrix elements, which is calculated quite accurately. Thus, (p,ny) meぉuremen脂 may

provide more comprehensive information for quantitative analyses for e.g. quenching effect 

for the {p,n) reaction. 

Protons for出isdevelopment are obtained by Tohoku K=50 Me V, A VF cyclotron, 

and neutrons were analyzed by the TOF technique with a flight pa由 of4. 5 m, where a disk 

type (233中，組d5 cm-thick) of neutron detector filled with NE213 liquid scintillator is 

located. Figure 2 shows a block diagram for n-y coincidence measurement including 

detectors, electronics and data taking devices. Figure 3 shows a single neutron TOF spec甘um

taken for the 90Zr(p, n )90Nb reaction剖 alaboratory angle of 45 degree.αie of the point of the 

present experiment is to m伺 suresucc岱 sfullythe neutrons with sufficiently low backgrounds 

in such a short flight-path. Gamma r勾sare detected by the high-energy detection system4> 

which consists of seven BaF2 crystals. The solid angle for g-ray detection is 8.75 msr. 

Figure 4 illustrates a白nespectrum for coincidence events, showing白紙 SINratio is 

in the order of 2/1. A prompt peak ROI spectrum is shown in Fig. 5. Note白紙 ap伺 kof 
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neu甘onsleading to the isobaric analog s凶 eis seen. In Figs. 6（の， (b)and （の illustratedare 

those of prompt, random, ancl true spec甘arespectively. A peak correspond泊gto the Ml 

transition O+(IAS）→ 1 + (2.3MeV) is resolved, though event rate is poor. 

We have accumulated 1enough data for further improvements: for better statistics of 

coincidence events, the detection angle of neu甘onsshould be 0 degree, where the (p,n）αoss 

section is max加um,and the solid angle for y ray detection should be larger as well. An 

arrangement of detector array with smaller size Nal crystal is favorable. 
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I. 16. A Simple Technique for a Simultaneous Least-squares 
Fitting of Plural Groups of Data in Terms of the Same Parameter 

Set 

Fujioka M. and Kouda T. 

Cyclotron and Radioisotope Center, Tohoku University 

For the sake of concreteness we take for example the problem of data analysis of 

TIPADσ蜘 In句ralPerturbed Angul訂 Distributionof y -rays in an i任 beamnuclear 

spectroscopy)1): 

W(8,±B）＝＞－＝~叩 b~cos[8 +(L¥8 ,_t] with 、
》（1)

(L¥8).)% = (1／λ）tan-1［λ（m L吟%］，f 

where円 isthe wanted Larmor angular velocity and τthe mean life of the isomer emitting the 

perturbed y-ray. When白ttingexperimental data泊 termsof eq.(1), we are inclined to perform 

two independent LSF' s (Least-Squ訂 es Fittings), respectively, for ± B and finally 

obtain ,e.g., 

的τ＝![(WL小（的τ）一］

; see Fig.1.a ). 

(2) 

Another way of analysis, however, is to take advantage of the symmetry properti岱 of

electromagnetism and exper加en凶 conditions, b~ = b~ a bλand （企B;.t= (L¥ 8;)-＝企Oλ，

which may result in a reduction of estimated cπor of roLr. 

W(8, ±町＝ぶbλcos[8 +(L¥ 8 ＞）］羽白

L¥8λ＝（l/λ）t加叱λ｛WLτ）.J 
(3) 

In this case we have two groups of measurement for the same fitting poin包 ofBand白esame 

parameter set; Fig.1.b). It is not difficult to write a code of LSF accordingぬ eq.(3), but in 

stead we adopted a simple technique2) for an easy use of the min面白ationroutine MINUIT in 

PA W3), i.e., by dis pl似 ngalong血e8-鉱 isthe data of -B relative to those of + B, reducing the 

problem to an ordin訂y”single-valued”凶Fhaving twice poin岱 ofmeaurement (fitting); see 

Fig. 2. 
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Extension to more than two groups of data is straighぜorward.Other extensions are 

also possible, but we do not detail further; comparison of Fig.1.抑制dFig. 2. would suffice. 

Here it is interesting to note th剖thepresent technique reminds us of the Riemann surface for 

reducing a multi-valued functio1n to a single-valued one. 

The authors acknowledge Ors. Shinozuka T.組 dTat岨gakiM. for discussions. 
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I. 17. Weldability of Helium-containing Stainless Steels 
Using YAG Laser 

Kawano S., Naka,higashi S.へUesugiK. *, Nalaimura H.ヘKonoW.へFukuyaK.,
Kano F., HasegawaA. **, andAbe K. ** 

Toshiba Corporation 

J呼')(l11Power Engineering anti Inspection Corporation* 
Depar.加rentof Quantum Science anti Energy EngineerinιTohoku Universi砂＊＊

Introduction 

百iereplacement釦 drep厄rtechnique for degraded structural components is one on the 

important technical issues for fission r伺 .ctormaintenance. Such procedures are likely to 

require various welding techniques for joining irradiated materials. 百iereactor components 

exposed to high-energy neutrons contain large amounts of helium produced by nuclear 

transmutation reactions. Helium is known to have a large effects on weldability and 

properties of welded join句t-<i). Weld metal cracking, heat-affected zone(HAZ)αacking and 

underbead cracking have been reported in helium-containing stainless steels. Although the 

full process of weld cracking has not been well understood, helium is considered to affect 

weldability through rapid growth of bubbles formed at grain boundary under the influence of 

high temperat町eand thermal stresses to a sufficient size for grain boun也rysep訂 ation.

百四 objective of the present study is ω泊vestig剖cthe effect of helium concentration 

and heat input on weldability using YAG Iぉerand demonstrate the applicability of the YAG 

Iぉerwelding techt世queto stainless steels contai凶nghigh amount of helium. 

Experimental 

百iematerial used wぉ SUS304 stainl岱 ssteels solution annealed at 1323K for O.Shr. 

百iematerial was cut into the platelet spec加ensof 40mm in diameter and 1 Omm in thickness 

叩 dsurface-finished by #600 paper.百iespecimens were implanted with 36Me V helium ions 

from a cyclo位on剖 TohokuUniversity. A beam energy degrader was applied to obtain 

uniform implanted helium dis凶butionfrom白esurface to a depth of 0. 25mm.百iecalculated 

helium concentration was 0.5, 5, and 50appm. 百iespec泊iensurface temperature was 

monitored during implantation and kept below 423K. 

After implantation, bead-on-plate welding experiments were conducted with 400W 

continues wave laser beam台oma 600W YAG laser oscillator. ’The laser beam diameter on 

the specimen surface wぉ 1.6mm.αleachspec加en,three weld beads were formed across 
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the helium-implanted area at welding speeds of 0. 2, 1 and 4mm/s.百四 welding剖 0.2,1 and 

4mm/s co町espondsto nominal heat input of 20kJ/cm, 4kJ/cm and lkJ/cm, which is typical of 

high heat input GTA welding, respectively. After welding, liquid penetrant test and SEM 

observation of surface and transverse cross section of weld bead were preformed. 

Results 

Figure 1 shows an example of the spec加enappe訂釦ceafter welding. ’The bead 

width increased slightly from l.3mm at lkJ/cm to l.Smm at 20kJ/cm. Fig. 2 shows shallow 

surface crack observed HAZ in the specimen contain泊g50 appm He after welding at 

20kJ/cm. The crack was intergranular in nature and was at O.Olmm from the fusion line. No 

crack in HAZ was detected in the other specimens. No crack wぉ observedon the weld metal 

m any specimens. 

In the cross section around weld joints, small pits along gr泊nboundary in HAZ and 

isolated pits in the weld metal were observed in the welded specimen with 5 and 50 appmHe. 

Small pits on grain boundary were formed only within helium-implanted depth and within 

O. lmm distance from the fusion lines.’These indicate that the grain boundary pits are closely 

related to the existence of helium and the welding condition and that出eyare formed on 

helium bubbles. 

Figure 3 shows the effects of helium concentration and heat input on the total length of 

grain bound訂ywith pi也．百1ebubble growth is clearly dependent on both helium 

concentraion and heat input. For laser welding with heat input of less than lkJ/cm, bubble 

growth was much less than for welding with 4 and 20kJ/cm, which are typical GTA welding 

method. 

Summary 

YAG Iぉerwelding experimen匂 withheat input up to 20kJ/cm on SUS 304 stainless 

steel containing helium clearly showed the effect of helium and heat input on weldability. A 

low heat input YAG laser welding is a promising welding technique for stainless steel with a 

high amount of helium. 
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I. 18. Eddy Field Measurement Using a Peaking-Strip 

Kanai Y., Adachi T.へFujioka.M.**,and Mori Y. * 

Depar加 entof Physics, Tohoku Universi机

KEK High energy accelerator research organization 

accelerator division 1・1Oho,Tsukuba-shi lbaraki-ken, 305-0801* 
Cyclotron and, Radioisotope Cen肌 TohokuUniversiゲ＊

An eddy白eldin a bending magnet was measured along the longitudinal direction, 

when the magnet was excited by a sinusoidal current with a repetition of 49. 73Hz. 百1e

measurement was performed by using a pe法ing-s凶pl>. It wぉ foundthat eddy field 

generated in the edge plate made by stainless steel became larger as the position became closer 

to the magnet edge. 

Introduction 

In J叩釦， theJHF(J.APAN HADRON FACILITY) plan is being progressed. ’The 

JHF accelerator complex comprises the 200MeV linac, the 3GeVbooster synchrotron and the 

50GeV synchrotron. 

百1e3 GeVbooster synchro甘onis a rapid-cycling synchrotron with a repetition of 25 

Hz. In the future, the repetition will be increased up to 50Hz., in order to obtain a beam power 

over lMW. Although, in such a rapid-cycling synchro甘on,the vacuum chamber used in the 

magnet is made of cerar凶csto avoid the field disturbance due to an eddy cu町ent,血eeddy 

current is also induced in血cmagnet, which may disturb the magnet field. Especially, in a 

dipole magnet, a sextu-pole component of the eddy field must be considered in order to 

accelerate a high・intensitybeam without beam loss. 

Field measurement in a dipole magnet has been performed for the purpose of 

estimations of the白elddisturbance due to an eddy field. In this paper, the results obtained so 

far are described. 

Field Measurement 

A test magnef) for the B-factory was excited with the repetition of 49. 73Hz using an 

LC resonant circuit Fig.1 shows a coordinate of the test magnet 百四日eldme錨 urement

was performed on the median plane. 

Since the magnet is excited by a sinusoidal cu汀ent,magnetic flux density(B) is given 

by 

62 



B=Bosmwt. 、E
E
J

噌

ir－－ 

Since組 eddycurrent depends on B _ the eddy field is given by 

B eddy = Bm sin at + B ootcosαJt. (2) 

Bin andB0¥& arec釦 sedbyd凶ng鵬首smandres~凶iceof end part of magnet mater凶res戸divily.

The凡to凶m司gne1icfield (B ta) is ob凶 das

B制＝ J(Bo-B恒）2+Bo山
晶 B0n

tanδ ＝一一一一 ． 
ー ー Bo-Bin ' σ） 

where t> is the phase di百erencebetween the main dipole field (B0-Bin) and the eddy白eld.

百四.refore,the創npli旬deof the eddy白eldcan be obtained by measuring the phase difference 

(l>) and amplitude of the main dipole自eld(B0・Bin)・

Phase difference was ・ meru句uredby two pe紘ingstrips, each of which gener瓜esa 

voltage pulse by detecting a zero-crossing timing of a dynamic field. 百1eamplitude of the 

main field (B 0・Bin)was measqred by a seach-coil method3). 

Experimental Results 

Fig.2 shows a block diagram of the measuring system. Here, p伺 kingstrip 1 was 

fixed at白ecenter of the magnet. Pe紘ings甘ip2 and the seach-coil were moved along the 

longitudinal direction. Signals of two pe紘ing-s凶pswere sent to an osilloscope, and phase 

difference was measured. A signal of the seach-coil wぉ integratedfor the interval between 

ins tan包 givinigthe minimum and maximum field, so th剖血eampli旬deof the main field was 

obtained. 百1etime interval for integration was determined by a signal of the back-leg 

winding. 

百1eeddy field was measured along the longitudinal direction on the median plane. At 

f仕st,two pe紘ing-stripswere set剖 thecenter of the magnet, in order to confirm the 

coincidence of two pe紘泊gt加tings.

百1eamplitude of the main dipole field at由ispoint was measured by the seach-coil. 

百1erefore,the normalized amplitude of the eddy field (B eddy) is obtained in terms of the 

following formula: 

B = Boot（為y) - Bo-Bin …δ 
州 y B0(x= O,y= 0) -zt(x= O,y= 0）山山

(4) 

Fig. 3 shows the position dependence of the normalized ampli旬deof the eddy field, toge血er
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with the magnet cross-section cut by the y-z pl組 e剖 x=O.

As shown, the eddy field becomes larger as血eposition becomes closer to the end 

plate of stainless steel. This result implies that the eddy current induced by the main白eldcan 

not be ignored around the end plate made by stainless steel. 

Conclusion 

An eddy field in a bending magnet was measured along the longitudinal direction on 

the median plane, when the magnet wぉ excitedby a sinusoidal current with a repetition of 

49.73Hz. 百1efield disturbance due to the eddy field was found to be large around the 

magnet end part，組damounts to 0.4% of the main dipole field at the magnet center. 

百四仕組sversedistribution of the eddy field is necess訂yin order to estimate an effect 

of the eddy field to a circulating beam in a synchrotron. In addition, a 3・dimensional

simulation code for a dynamic field is also being prepared in order to compare the 

experimental result with the simulation. When the simulation code is confirmed, it gives a 

別idingprinciple in design of a magnet for a rapid-cycling synchrotron. 
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I. 19. Basic Studies on CdTe Detectors 

TanigaldM., Baba T.叱FujitaM.,Hoshino T.ヘShinozukaT., and Fujioka M. 

Cyclotron and Radioisotope Cen館ηTohokuUniversity 
D宅par伽 entof Physics, Tohoku University* 

Ge detectors釘ewidely used for the y-ray spectrometry because of their high energy 

resolution and detection efficiency, but the requirement for cooling the αys凶 downto -77K 

and the bad price performance make it difficult to build a complicated system suchぉ y-

sphere. As pre・吋ouslyreported, we are proposing a y-ray detection system called “mini 

crys旬1ring川＞ for the spec・仕oscopics加diesof nuclei in low excited stat1儲組dlooking for a 

suitable detector. 

CdTe, known as one of the II-VI compound semiconductor, is a good candidate for 

our purposed system, since this device is characterizedぉ；

1) High stopping power due to large Z number剖oms(Cd =48, Te=52; e.g. Ge=32), 

2) High density; three times higher than Si, 

3) Wide band gap around -3 e V; good performance at room tempぽ瓜ure,

4) Low price; less than 1/10 of Ge detectors. 

Recent developments on白eαystalgrowth technique enables to obtain the single 

crystal as thick錨 2mm, which is enough for the y-ray detection upめ－ 1 Me V. Also the 

technique for forming the Shottokey barrier between electrodes and CdTe enables ね apply

high bias voltage up to -1 k玖 whichresults in improved charge collection efficiency. Taldng 

into account such improvements, we have made basic studies on CdTe for the application to 

they-ray spectroscopy. 

百iedetector used h出epresent study was produced by Japan Enぽ・gyCo., Ltd. A 

single句 S凶 ofCdTe was syn蜘 izedby叩 MσravelingHeatぽ Method）組dcut旬世ies協

of 2 mm x 2 mm x 0. 5 mm. In and Pt were attached as the positive and negative electrodes, 

respectively. In each measurement, the source was placed at 13 mm away from the detector. 

百iesource and the detector Wぽeplaced加血eshield box made of Alめ avoidthe electric 

noises.百ieoutput signal企omCdTe was sent to the high gain preamplifier Clear Pulse 5102 

and analyzed by a conventional PHA system. All measurements were pぽformedin 

剖mosphere組 dat room temperature. 

66 



From the bias voltage dependence of the energy resolution of y -ray from 137 Cs, the 

bias voltage was set to 800 V for further measurements. To examine the energy dependence 

of the spectrum, they-rays from 241 Arn, 133Ba, 57Co, 137Cs and 6°Co were measured. Typical 

spectra and the energy dependence of the energy resolution are shown in Fig. 1 and Fig. 2., 

respectively.百四resolutionwas achieved up to 2-3 % for y -ray energy more th加 100keV. 

α1出econ仕訂yto the Ge detector, which requires血ecooling down to the liquid nitrogen 

temperature, the pr凶 entresolution is e錨 ilyachieved just applying an appropri剖cbias voltage 

to the crystal at room tempera~ure. 百1e intrinsic efficiency of CdTe detector was estimated to 

be 0.05% for the 661 keV y -ray仕omthe 137Cs, which was 1/5 of that企oma theoretical 

calculation ぉsumingthat all of the crystal was active region, or 1/2 of the resul也 fromthe 

simulation using the GEANT code. 

α1e of the disadv組 tageof CdTe detectors is白cso called “polarization effectヘi.e.,

出cresolution of the energy spec・甘umbecomes worse in several hours. Although this effect 

can be easily伽 celedby the removal of the bias voltage for a short while (typically less than 

1 minute), this effect must be fatal problem when the CdTe detectors are used for the long 

time meru写urements.百1erefore,the time dependence of this effect must be studied for setting 

the appropriate interval of this refreshing process and for investigating the reason of血is

e百ectIn the pr岱 entstudy, we also measured the time dependence of the energy resolution. 

百1e661 keV y -ray仕om137Cs was meぉuredfor 1 hour in every 2 hours interval. 百1e

increase of the peak width wぉ clearlyseen after -6 hours (see Fig. 3). From the present 

result, the refreshing process is required at least every 5 hours to keep the i凶tialresolution. 

From the present study, the CdTe detector is found to be useful for the low enぽgyy 

ray spec甘oscopyup to several hundreds ke V and a good candidate for the detecめrfor our 

proposed system. Further studies, such as on the discrepancy of由eefficiency between the 

experiment and the simulation, are now in progress. 

百1eauthors are gra民:fulto出ecourtesy of Japan Energy Co., Ltd. to lent the 

preamplifier for白epresent s~udy. 
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I. 20. Measurement and Calculation of Response Functions of 
Multi-moderator Neutron Spectrometer with 6Li-7Li Glass 

Scintillators 

Taniguchi S. and Nakamura T. 

Cyclotron and Radioisotope center, Tohoku University 

Introduction 

百ieexposure of space radiation ω剖rcrews andぉtronautsbecomes m 加portant

problem.’The neu甘ondosimetry is especially important due to its high quality factor, but the 

neutron me錨 urementsin high altitude and space have scarcely been done because of its 

d庄日.cultyin a ch紅ged-p訂 ticlemixed field in space. For use in space, we developed two 

types of neutron spectrometers to be able to meぉureneu甘onsin a charged-particle mixed 

field; 1) phoswich-type plastic and organic・liquidscintillators for neutrons of energy of 

several MeV to 100 MeV, 2) multi-moderator-type 6Li-7Li glass scintillators, so called Bonner 

sphere, for neutrons below 20 Me V. 

In this study, we measured the response functions of multi・moderator-type6Li-7Li 

glass scintillators to neutrons of 8 keV to 22 MeV and compared with the calculated results. 

Detector 

A p必rof 2.54 cm diam by 2.54 cm long NE912 and NE913 lithium glぉsscintillators 

are mounted on 2. 54αn diam by 10 cm long aαylic light guides, which are coupled with two 

photomultipliers of Rl 924(tJamama包uPhotonics ）.’The scintillators are covered with 

spherical polyethylene moderators of 1.5, 3.0, 5.0 and 9.0αn血icknesses. 百teαoss

sectional view of血cBonner sphere is shown in Fig. 1. 百ieNE912 scintillator has a 

sensitivity to thermal neutrons due to 6Li(n，α）T reaction, while血cNE913 has no sensitiviザ

to neutrons. Both scintillators have almost the same sensitivities to other radiations such as 

photons and charged particl岱. By subtracting the pulse height spec甘umof NE913 from白瓜

of NE912, thermal neutrons can be measured, even under the intense charged particle mixed 

白eld.

Experiment 

百teresponse functions to 8 keV to 22 MeV neutrons were measured in this study by 

using two mono-energetic neutron calibration fields at Tohoku University, the Fast Neutron 
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Laboratory(FNL)1＞組dthe Cyclotron and Radioisotope Center(CYRIC)2>. At FNL, the 

response functions to 8 keV, 0.25, 0.55, 1.0, 2.0, 5.0 and 15.0 MeV neu甘onswere 

measured and at CYRIC those to 22 MeV neutrons. 

In the experi即時剖 FNLthe Bonner sphere was about 120αn away in the forward 

direction from the neutron production target. The absolute value of neu甘onfluence wぉ

determined with the 235U fission chamber set on a neutron beam line. 百ieneu甘onfluence 

during irradiation wぉ monitoredwith a hydrogen proportional counter off a beam line whose 

counts were cahbrated to the fission chamber counts, because白efission chamber counts 

were influenced by the neutrons backscattered from the Bonner sphere. 百ielight guide鉱 is

of the Bonner sphere (see Fig. 1) was set perpendicularly to the neutron beam line.αlly in 

0.25, 1.0 and 22 MeV neutron irradiation experiments, with the light忠iideaxis of血eBonner 

sphere parallel to世iebeam line, the experiments wぽcrepeated to investigate the angular 

dependence of the response functions. 

’The experiment at CYRIC was done泊theTime-of-Flight(TOF) E蹴 :nsionroom.’The 

qu錨 i-monoenergeticneu甘onswere produced from a thin 7Li target bombarded by 25 MeV 

protons. 百ieneu佐onsemitted剖 10degree were仕組sportedto the TOF room由rougha 

collimator of 20 x 30 cm aperture.明記neu甘onfluence during irradiation wぉ monitoredwith 

a 232司 自ssionchamber set just before恥 collimator,which was calibrated to白cabsolute 

neutron fluence value which was determined from the 7Be activity in the 7Li target. 

Calculation 

百iecalc叫ationswere made by出eNCNP4A3> Monte Carlo computer code coupled 

with the ENDF・BMαosssection data library4＞.百iegeome甘yfor the calculation is shown 

in Fig. 2. In these calculations, uniformly-distributed parallel mono-energetic neutron beams 

were generated and injectedめ白eBonner sph釘cpe中endicularlyto the detector axis. 百 c

response functions to 1.0 x 10・6to 5.0 MeV neutrons were calculated with 5 x 105 histories. 

’The coun匂 inthe 6Li were estimated as the reaction number of 6Li(n，α）T which was 

obtained from the calculated neutron track length and 6Li(n，α）T reaction cross section. 

Results and Discussion 

百四comparisonof measured and calculated response functions is shown in Fig. 3. In 

Fig. 3白cexperimen旬Idata紅 cshown by symbols and the calculated results訂 eshown in 

lines.百ieshap岱 ofresponse functions are qui記 similarbetween experi1:Jlent and calculation 

for all polyethylene moderator thicknesses, but the MCNP calculation gives about a half of the 

experimental results for all cぉesin absolute values. We are now泊vestigating也is

discrepancy. 
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I. 21. Radiation Damage Effect by 25MeV Protons on Thallium 
Bromide Nuclear Radiation Detectors 

Hitomi K., Shoji T., Suehiro T., Ohba K., Tohei T., and Hratate Y. 

Depar的ientof Electronics, Tohoku lnsti加teof Technology, Sendai 982『8588

Thallium bromide （百Br)is a compound semiconductor which can be usedぉ a

material for radiation detectors. When these detectors are applied in space or in nuclear 

reaction experimen也， radiationdamage of the detector is a serious problem. In this study, we 

irradiated the TlBr detectors with 25Me V protons from Tohoku University cyclotron. In 

order to characterize the irradiation e百ec包 on白eTlBr detectors, we meぉuredvoltage-

current, mob迎tylifetime （阿） product and spectrometric response. ’The阿 measurement

suggests th剖 electrontrap centers which shorten lifetime of the electrons may have been 

induced by 25Me V protons in the TlBr crys凶. As a result spectrometric response for 241 Am 

y-rays with electrons mainly traversing the detector showed degraded energy resolution after 

irradiation by 25Me V protons. 

Introduction 

’Thallium bromide (TlBr) is a compound semiconductor characterized by the higher y-

ray stopping power due to its high atomic number (Tl:81, Br:35）組ddensiザ（7.56g/cm3).

We have investigated百Brぉ amaterial for a radiation detecもorwhich works at a room 

temperature. Recently, we have succeeded in fabricating TIBr radiation detectors which 

exhibit satisfactory y-ray spectrome凶cr岱 ponse. When one uses these detectors in space or 

nuclear reaction experiments, radiation d但nageof the detectors is a serious problem because 

由edetectors are exposed to s甘ongambient radiation. In the present study, we irradiated the 

百Brdetectors with 25Me V protons to elucidate irradiation e百ec包 ofthe detectors. 

Degradation of the detectors were characterized by voltage-current, 阿 productand 

spectrometnc response meぉurements.

Experimental 

百iecommercially available TIBr powder with nominal purity of 99. 99% wぉ usedfor 

白cαystalgrow白． 百ieS細川ngma旬rialwas purified by the conventional many pass zone 

refining. 百ien,TIBr crystals wぽegrown by the τMZ（甘avellingmolten zone) me白od1>.

百四百Brdetectors used in由epresent experimental were fabricated from these αystals and 
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were 16mm2泊 areawith 0. 8mm2 gold electrodes on both sides of wafers. Details of出c

detector fabrication were reported earlier> and are not reviewed here. 

百四 detectorswere irradiated with 25Me V protons合om由eTohoku University 

cyclotron.百1eirradiation was carried out in a vacuum chamber at a room tempera知re. 百四

irradiation dose was 25nC/cm2 and the irradiation time was about 40s. 

We have estimated a value ofμ：τproducts of electrons and holes by applying the Hecht 

equation to the voltage dependence of the peak position for 5.48 MeV αparticles from a 

241Am source for the TlBr detector. 

Results and Discussion 

百1evoltage-cu町entcharacteristic after irradiation is shown in Fig. 1. 百ieleakage 

current was reduced due probably to radiation induced centers.百1esecentぽ Sact as a ca汀ier

removal由説diminishesthe carrier concen甘ationresponsible for the electric conduction.百 us

the resistivity of the detector ";'as increased by the irradiation. 

百ieestimated μτproduc也 werelisted in table 1. In case of the elec甘on,the 阿

product was deterioraied after irradiation.α1 the other hand, no difference was observed 

between 阿 productsfor holes before and after irradiation in marked contrast b 也ecase of 

elec住ons.’Theabove mentioned result sugg岱 tsthat the electron trap centers which shortened 

lifetime of the electrons should have been induced by 25Me V protons in the TI Br crystal. 

百1espec甘ometricresponses for 241 Am y-rays of由e’TIBrdetector biased at lOOV are 

shown in fig. 2 obtained with they-rays incident on the cathode and with the y-rays incident 

on the anode in fig. 3. Since many elec甘on-holepairs are produced by the y-rays ne訂 the

detector surface of incidence at the y-ray energies under consideration ( <60ke V)，血celec甘ons

(holes) mainly traverse血edetector in almost釦lllength in case of cathode incidence (anode 

incidence). As shown in Fig. 2, the full width剖 halfmaximum (FWH附 of白 59.SkeV

photo peak before irradiation is 8ke V, while the FWHM of由cpeak after irradiation by 

25MeV protons is 18keV. In Fig. 3, FWHM of the 59.SkeV peak before irradiation is 6keV, 

while the FWHM of the peak after irradiation is 13keV. It becomes thus evident that the 

detector has been damaged seriously by 25Me V proton訂adiation.It C組 beclearly observed 

in fig. 2 that bo血 ofthe 59.SkeV peak and the low energy X-ray peak were deteriorated by 

irradiation by 25Me V proton~ because the values of the μ-c products of electrons were largely 

changed by the irradiation，錨 shownin Table 1. In fig. 3, only the 59.SkeV peak was 

deteriorated by irradiation of 25MeV protons, and the low energy X-ray peak was almost 

unchanged before and after irradiation. Since the energies of photo electrons泊ducedby血e

low energy X-rays are co111pietely absorbed in the near-surface region of the detector, 

displacement of holes main~y affec包批 shapeof the low energy X-ray peak泊白.g.3. 

百1erefor,so far as the values of μ：τproduct for holes were almost unchanged by the 

irradiation, it is natural that tbe low energy X-ray peak in Fig. 3 was kept unchanged.α1 the 

con甘aryphoto elec甘onenぽgiesaccompanying由e59.SkeV y-rays are absorbed in the entire 
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region of the detector, and displacement of both electrons and holes contribute to the shape of 

the 59.SkeV peak. 官1erefor,the 59.SkeV peak in Fig. 3 was deteriorated by irradiating 

25Me V protons due to the largely changed μ：τvalues of electrons. 
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Table 1. Results of問 measurementbefo民組dafter irradiation. 
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II. 1. Analysis of Coagulation Processes of Tc(IV) Colloids 
in Aqueous Solutions 

Sekine, T., Kino, S., Kino, Y. and Kudo, H. 

De par加rentof Chemistry, Grodi,細胞Schoolof Science, Tohoku University 

Introduction 

Migration of叶 c(t112 = 2.1 x 105 y) from a nuclear waste repository in deep 

underground is an important su句ectto environmental research1>. In deep groundwater under 

reducing conditions, pertechnet仰 isreduced to Tc(IV) in the chemical form of TcO(OH)2 

(aq）瓜 neutralpH. It has been suggested由説 ifthe concentration of technetium exceeds the 

solubility of Tc02・nH20(solid), real-colloids of Tc(IV) is formed2>. In addition to the 

formation of real-colloids, aqueous Tc(IV) is adsorbed on naturally occurring colloid p訂ticl es 

in groundwater, giving pseudo-colloids owing to the s甘ongadsorption properties of aqueous 

Tc(IV)3•4>. However, little attention hぉ beenpaid to the colloidal technetium species and 

knowledge on恥 formation錨 wellas恥 stabilityof its real-colloids or pseudo-colloids in 

aqueous solutions is limited. 

We have reported the formation of Tc(IV) colloids by reduction of pertechnetate with 

S凶 nousions5＞.’The grow出of白eparticle size of Tc(IV) colloids with time w錨 observedin 

aqueous solutions by means of laser induced photoacoustic spectroscopy (LP AS). In this 

r'eport, we descnbe details of the grow血 ofTc(IV) colloids formed from pertechnetate, with 

emphasis on the ∞昭ul剖ionprocess.官ief伺伽reof colloid particle grow由 isexplain吋 bya 

particle collision model based on恥 DLVO(De抑凶n－凶dau抗 rwey-Overb批）theory. 

Experimental 

Ammonium pe：附加etate(NH4”Tc04) from the Radiochemical Center, Amersham, 
was used a食erlabeling wi血 95吋 c(t112=61 d) which wぉ producedby the 93Nb（α，2n) 95吋 c

reaction at the Cyclotron Radioisotope Center, Tohoku University6>. 

百ieconcen仕ationof the pertechne旬teion W錨 chosenぉ 6・10・5mol・ L-1. To a 

pertechnetate solution, an aliquot of stannous chloride solution freshly prepared was added 

under stirring.官ie創nountof the stannous ion was kept slightly smaller than that needed for 

the complete reduction of pertechnetate in the solution, to confirm the stoichiometrical 

reduction of pertechnetate.百iepH was kept at 4. 4 with a aceta飽 bufferand the ionic strength 

wぉ adjus旬dfrom 104 to 10・1 by changing the buffer concentration. 百ieto凶 amountof 
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Tc(IV) colloi也 formedin the solution wぉ determinedby ul甘a印刷tion(Ultra Filter UK・10,

Toyo Roshi Kaisha, Ltdふ
Figure 1 shows a sketch of the experimental equipment.百四 testtube containing the 

Tc(IV) colloid solution was set in front of an N al（百） scintillation detector血atwas covered 

with lead blocks with slit width of 5 mm.百ie95貯 rey-rays through the slit wぉ continuously

monitored. If the particle siz.e is large enough，出esedimentation of Tc(IV) colloids started 

and the counting rate deαeased with increasing time, as shown in Fig. 2. When the counting 

附 decreasedto the b紘~OUI
Tc(IV) colloids’and the counting was started again. This procedure was repe縦 d,and the 

sed加entationvelocity was obtained by the differential analysis of the decreぉcin counting 

rate with time (Fig.2). 

A relationship betw<rn the前 er得esize of colloid particles and their sedimentation 

velocity in solutions is given by the Stokes’law as, 

行 (pp-P1) g dz 
.,, ・・・

、．．
 
，F 

噌

E
A，，z

‘、

where V, is the sedimentation velocity (m・s勺，g白egravi削 on必acceleration(9. 8 N ・ kg・1 ), d 

the p制 iclesize (diameter, m）， η血ecoefficient of medium viscosity (0.01 N・s・m勺， andpp 

and p1 (l.0 kg・m・3)are the pensity of particles and medium, respectively. Thus，出eaverage 

size of由cTc(IV) colloids was evaluatedぉ afunction of the standing time at the prescribed 

ionic s甘engthof the solution. However, the densiザofTc(IV) colloids （ろ） was difficult to 

estimate exactly from two reasons; con回凶nationof technetium hydroxide with出（IV)oxide 

and a change of its s位uctureafter the preparation. In this calculation, we made an錨 sumption

that the density of colloids did not change throughout the observation period. It may cause an 

ambiguity on the calculatio~ of particle sほ byusing Eq. (1) because the density change of 

Tc(IV) colloids was unknown. We adopted the value of pP as 3.02 of Tc02 （αys凶）1)as 

rough approximation, which gave an e汀orwithin 60% in the calculation of diameter. 

Results and Discussion 

Formation and Stability of Tc(IV) colloids 

The p訓 clesize evaluated by Eq. (1) is plo悦 dagainst侃 standingtime in F抱.3£0 r 

the solutions with different ionic s佐eng由. When the ionic strength of血Csolution was I訂ger

than 104，血esize was comp訂ativelylarge (larger than 1 μm) even just after the formation by 

reduction. Under such high ionic strength conditions, the size was rapidly enlarged and the 

Tc(IV) became precipitate within 2 days.’The gradual hαease of p制 iclesizes within恥 size

of 1 μm wぉ observedonly at ionic s悦 ngth104. Further analysis of the Tc(IV) colloids in 

出iscぉeby TEM is in progress, and will be reportedぉ wellぉ informationof th位

compos1t10n. 
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Important information on the particle growing processes of Tc(IV) colloiゐwぉ given

from the determination of amount of Tc(IV) collo地 byultrafiltration. Figure 4 shows the 

results for the solution of 104 of ionic strength. We note at first that出eamount of 

pertechnetate reduced was stoichiometrically consistent with the amount of stannous ions 

added, and second，制血eamount of Tc(IV) formed was cons凶 tindependent of the 

standing time.’The fact indicates白剖Tc(IV)colloids are formed剖 themoment of addition of 

stannous ions, and白rtherreduction to feed Tc( IV), which may cause the particle grow白，

does not occur. Namely, the m泊 processof particle growth of Tc(IV) colloぬ shouldbe 

attributed to coagulation of particles which are originally formed by reduction of pertechnetate 

in solution. 

Analysis of coagulation of Tc(IV) colloid particles 

A p訂ticlecollision model or the DLVO （批判uin－凶伽抗iwey-Overbeek)

血eory8)is used to expl垣ncoa思ilationof colloids. 百1e白eoryis b錨 edon the short range 

attraction inside the repulsive Coulomb barrier, .t!E. We applied恥 followingmodel to 

e却fainthe growth of Tc(IV) colloids as an example. 

To solve the problem practically, we assume the Maxwell-Boltzmann distribution 

P(v) ＝、/I（会）fv exp（一括）
(2) 

for the number of colloid particles with kinetic energy E = m v2 I 2, where m, v are particle 

weight and velocity, respectively, and k the Boltzmann constant, T血etemperature. It is 

reぉonableto consider血atthe p訂ticleswith kinetic energy high enough to exceed the barrier 

can coagulate each other in collision from the DLVO theory. 

百1enumber of particles, N, in the unit volume of solution is given by 

N＝ζ坐＝ 3CM 
m 4πa3pP, σ） 

where C is the mole concentration, M the molecular weight, a the particle radius and pp the 

density of colloid particles. From Eq. (3) the di妊erentialchange in the number of particles 

dN /dt is given by 

dN 9CM da 
dt 43ta4p P dt 

(4) 

α1 the other hand, since a decreぉcof the number of particles is due to coagula“on of the 
colloid particles, dN /dt is also given by 

等＝－r v.Na（ザ ＇（v)dv
σ） 
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where，ロ－ vヲrb由eqrlnimum velocity which exceeds the barrier，。（v）血ecoagulation 

cross section desαibed below and v c血crelative velocity between the two particles. For the 

value of v c' we actually use J2 v, which is av町 agedover the collisio 

Because the s仕ongat甘activepotential泊 DLVOpoten“alexists near the surface of the 

p釘ticles,we have to take l血ecen甘ifugalbarrier泊to釦 count泊 additionto血eDLVO 

interaction. The centrifugal potential Veぷのisgiven by 

(μbv,f 1 b2 
V ccn｛け＝一一一一 ＝Eー

2μ r2 ,2’ (6) 

where μ = m/2 is the reduced mass of two particles, b血eimpact p紅白neter,r the distance 

between two particles. Note here, E =mv2 I 2 = μ vc 2 I 2. Sett泊gr = 2a in Eq.(6), the to凶
barrier between the two particles is estimated剖 AE+ E・b2/(4a2）・百1efollowing condition 

needs to be satisfied in ordei that coagulation talcesがace.

&+E~sE 
4a.l. , (7) 

and then 

ゅ2:S 4:n:a2( 1一警）
(8) 

Here, 43ta2 co汀espondsto the geometrical cross section. If the kinetic energy is the s但neas 

AE, only a head-on r印刷 takesがace. Otherwi純正出ekinetic energy is high enough, a 

peripheral reaction is also possible. 官1erefore,it is appropriate to assume the coa思ilation

cross section as 

U仲吟＝ 4πa2 

From above Eqs. we have 

－ ~p普＝－fιv~Pa（の.n（会）ivexp（一括）dv

(9) 

(10) 

With analytical integration for the integral旬m in Eq.(10), we reach the following differential 

equation for the particle rad~us 

坐＝y{j_ CM J万eynr－ ~~a-% 
dt π p 312 -・・r¥ kT ) -

(11) 

We can solve the Eq.(11) numerically to simulate the growth of colloid particles. 

百1e自民泊gw錨 performedon the experimen凶 resultsfor the gradual coagulation剖

104 of ionic streng也， becausethe size of particles at higher ionic strength wおわolarge; so・
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called precipitate would give ambigui附 tofitting with the above mentioned model. In the 

fitting, we have set the density of Tc(IV) colloidsぉ aconstant irrespective to白cparticle 

growth. 百ieχ－squarefit was made using the Hamaker coefficient and the surface potential 

involved in the DL VO interaction as血efitting parameters. In practical calculations, a choice 

of th岱 CP紅白neterswas strongly limited, because of the non-lin伺 rityof the equ剖ionand the 

singularity at a= 0.百ieresults of fitting紅cshown as a solid泊iein Fig. 5, together with the 

experimental data. 百ieHamaker coefficient was obtainedぉ 1.8・10・19J and the surface 

potential was 24 m V. ’These values seem reasonable compared with generally accepted for 

other kind of colloids9). Although density and surface potential were assumed to be constant 

irrespective of the particle sizes in the calculation, the solid line in Fig. 5 shows it reliable to 

explain the growth of Tc(IV) colloid particles through coagulation. 

Conclusion 

By applying the DLVO由eoryto analysis of experimen凶 data,出cgrow血ofTc(IV) 

colloid particles was found to proceed through coa忠ilationof small particles. Namely, the 

coagulation took place between two small particles whose kinetic energy was larger than the 

potential barrier. 
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II. 2. Preparation of Thin Polycarbonate Film and Its Application 
to PIXE Analysis of Anionic Elements in Water Samples 

Yamazaki・H.,TsutsumiK., IshiiK., MatsuyamaS., MurozonoK., InoueJ., IwasaldS., 
andα幼araH*.

Depar的ientof Quantum Science and Energy Engineering, Tohoku University 
Cyclotron and Radioisotope Center, Tohoku Universi砂＊

Introduction 

Owing to great aw訂enessof a pollution problem in natural environment, composition 

of rain and surface water hぉ beenstudied for m加 yyears. In our previous papers1・2>, a 

combination of chelation by dibenzyldithiocarbamate (DBDTC) ions with subsequent 

condensation into dibenzylidene-D-sorbitol (DBS) gels has been developed for 

preconcen甘ationof heavy metals in water samples, in conjunction with rapid preparation of 

thin uniform targets containing zirconium錨 aninternal standard for PIXE analysis. ’The 

methodology was applied to monitor time variation of heavy-metal concentrations in drinking 

water. Chromium(VI）組darsenic(V)訂eanionic species of great interest in quality of water 

to drink. Due to high sensitivity of PIXE analysis, it looks a promising target preparation to 

deposit a small volume of water sample containing anionic species of interest on a thin 

backing film, which should be as free as possible of trace elements and as thin as possible, 

commensurate with retaining sufficient strength for sample deposition and subsequent 

irradiation. Moreover, an acid-resistant film is preferable because an acidic solution of metal 

r訂cin environment can be used as an internal standard in targets for the PIXE analysis. 

Carbon foils, which are very thin material among commercially-available backings, 

are little used now partly because of expense and variability in their impurity elements. Some 

commercially available polymer films，ιg., polyimides Kapton and poly岱 tぽS Mylar，訂C

widely usedぉ supporttlms. 百iesefilms produce a s甘ongcontinuum X-ray background 

due to their thickness of more than lmg/cm2. User-made polymer films suchぉ polystyrene

and polyvinyl formal are used widely and offer the lowest continuum background3・4>. On the 

other hand, preparation of these films requir岱 muchskill and is time-consuming, resul白1gin 

a general decline of use of the user-made films in PIXE. Iwata et al. developed a simple 

prep訂 ationtechnique for thin Formvar film5>. As expected from chemical property of 

Formvar, however, it is not allowed to deposit acidic sample solutions on its surface. 

In由iss旬dy,we have developed a simple prep紅剖ionmethod for acid-resistant 

polycarbonate film referring to procedure reported by Iwata et af>.; the出infilm wぉ αeated
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by dropping a polycarbonate solution on a sucrose solution. 百iefilms with thickness of 

around 0.1・0.3 mglcm2 off er a good combination of mechanical strength and low continuum 

backgrounds, and are usedぉ atarget backing in the PIXE analysis of anions (sulfate, 

chromic salt and arsen剖e)in:a wide concentraion range (10・2000ppb). 

Experimental 

Reagents 

Poly(Bisphenol A carbon縦） of an ex回 purereagent of molecular weight of around 

64000 （刈合ich,No.18162・~） w錨 used. Sucrose used wぉ a尚徳entおr恥 den刈 gradient

centrifugation method (Wako Pure Chemical Industries). Chloroform and benzene are 

specially prepared reagents for spectrophotometry （民j泊do).All the other chemicals used are 

the highest purity grade wi由 lowmetal content obtained合omWako Pure Chemical 

Industries, Ltd. A doubly distilled Milli-Q water was used in all chemical procedures. 

Preparation of出epolycarbonai犯罪'Im

25αn3 of 50 wt% sucrose叫ueoussolution were placed in a Teflon dish (80 mm 

diam伽）組da Myl釘 targetframe (30mm width x 40mm len供× 0.5mm thick) with a 

round opening of 20・mmdiameter was floated on the solution. For preparation of a cas伽g

solution, 0. 5 wt% solution of polycarbonate in chloroform was diluted by a factor of two to 

three with benzene just before use; benzene was added for controlling volatility of the 

chloroform solvent As chloroform and benzene are hazardous for human health, an 

equipment for ventila首onis quite necess紅y. A出infilm was created by slowly dropping 

0.20・0.32cm3 of the polycarbonate solution on a surface of 3.14・αdaper伽reof target 

frames floating on白eSUαose solution. Films mounted on the aperture of target仕訂neswere 

picked up from the sucrose solution and after wぉhing,were合iedover silica gel.官iickness

of the prepared polycarbonate film wぉ calculatedto be 0.14 to 0.37 mg畑n2by assuming 

uniform spread of the casting solution on the surface of sucrose solution within the round 

opening of target frame floating on the solution. 

PIXE analysis of standard targets of anions 

Standard t紅 ge包 W ぽCprepared by miαopipetting onto the polycarbon剖efilms 100 μI 

of t岱 tsolution containing known amounts of each of S042・, Cr207 2・, and As043・inaddition to 

1 ppm of Ga3＋お組 internalstandard; 20凶of出esolution were deposited on the film five 

times after dried in an oven at 60 °C using a micropipett that wぉ calibratedto a precision of主

0. 7 %, and consequently, the amount of elements was to凶lyadded with a precision of 

±1.6 %.百iespecimen formed had a spot of訂ound3・mmdiameter.百ietest solu姐onswere 

made up from standard solutions of the certified concentrations (1.00 mg/凶）for either atomic 

absorption spec甘ophotome句 orion chromatography. Gallium can serve as a sui胞ble
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internal standard, because it is a rare element in natural water and its characteristic X-rays 

rarely interfere with these of elements of interest. 

官ietarget w錨 bomb釘dedin vacuum by 3 Me V protons (apparent cur 

diameter, 2mm) fom the 4.5・MVDynamitron of Tohoku U niversiザ）.In this sys低m,X-rays 

from targe総 pぉst耐ougha 120 μm polye由ylenesheet釦 dare measured wi白 aSi(Li) 

detector (4・mmdiam. crys凶 with25削除window)which viewed the target position at 90 

deg with respect to the beam axis. A least-squares fitting computer program, named 

SAP IX，ηwas used for the X-ray spectrometry. 

Results and Discussion 

Fヤ句parationof the polycarbonate film and its pr，ψierties 

Poly(bisphenol A carbonatのisinsoluble in water, so it must be dissolved in an 

organic solvent. Chloroform is known to be the only solvent which can dissolve 

poly(bisphenol A carbon剖e)pell出． Iwata et al. reported白瓜 thebest formation of 

polyvinylformal (PVF) film is achieved剖 0.5-1.0% PVF in tetr油y世ofuranspreaded on 

50 % SUαose solution (density = 1. 23 g/cm3)5>. A solution of polycarbon蹴（0.5wt%) in 

chlorofonn wぉ chosenbecause of the same densiザofpolyφisphenol A carbonate) (1.20 

g/cm3) as that of PVF (1.23 g/cm3); 50 mg of poly(bisphenol A carbon蹴） pellets were 

dissolved into 10 g of chloroform solvent keeping加darkovernight An attempt was made to 

creat a uniform film in a 20・mmround opening of Mylar target frame floating on sucrose 

aqueous solution σo wt%) in a Teflon dish. Al血oughdensity, viscosity and surface tension 

of chloroform are small, this solvent can not spread out polycarbonate unifon叫yon the water 

surface. 百tismight be due to ex甘emelyhigh volatility of the solvent Benzene is freely 

miscible with chloroform and has lower volatility. Then the polycarbonate solution was 

diluted by a factor of two to four with benzene. No sedimentation of polyc紅bon剖ewas 

observed in the mixed solvent, and血ismixture was used as a casting solution for the film-

preparation. As stability of polycarbonate in the mixed solvent is not completely confirmed, 

however, the polycarbonate in chloroform was diluted with benzene just before use. Except 

for the polycarbonate solution diluted to four times in volume, a unif onn白Imwas created in 

the aperture of Mylar target frame by slowly dropping more出an0. 2 cm3 of the casting 

solution on the water surface. After picking up the target frame with a thin polycarbonate film 

from aqueous sucrose solution, w剖erwashing easily removed the sucrose solution adhering 

to the film.百1efilm obtained is mechanically s佐ongenough to useぉ abacking for targe白

血 PIXEanalysis. As shown in Fig. l, a continuum X-ray background is observed upto 

around 7 ke V, but there is no peak indicating existence of impuriti岱. Traces of Fe and Br 

impurities are detected in a commercial polycarbonate film. 

Figure 2 shows the resul也 of6・μCirradiation of prepared polycarbonate Ilms of 

d江ferentthickness, which is calculated by assuming uniform spread of the cぉ白1gsolution on 

the surface of suαose aqueous solution within the aper知reof target台amesfloa白igon the 

84 



solution. Intensity of the bremsstrahlungs integrated over an energy interval of 1・6keV is 

plot民dぉ theordinate. A linear relationship is obtained between the calculated thickn岱 sand

the bremsstrahlung intensity, and holds on a nuclepore tlter of nominal thickness of 1. 0 

mg/cm2. Two tlms, which are made independently under the same condition, give an 

approximately equal bremsstrahlung background; this was examined at two different 

thicknesses (0.14 and 0.27 mg/cm2). Al血oughnot shown in Fig. 2, the bremsstrahlung 

intensity does not change beyond玄 12% at three different points of an identical film. 百1ese

findings indicate白atthe prepared tlms have good uniformity and the thickness is not so 

different from the calculated values. In a test of durability of the prepared polycarbonate 

films, a small amount (0.1 cm3) of strong acid (lM HCl and HN03) and lM N句C03solution 

was dropped on the films and evapor剖edin an oven at 60。C.No deterioration of the films 

was observed irrespective of the thickness, indicating good chemical stability of血cprepared 

poly ca巾on剖efilms. 

Calibration curves us的gmatrices of known compositions 

In order to evaluate reliability of白equ釦 titativePIXE analysis for sampl岱 depos託ed

on polycarbonate films, calibration curves were measured for 3・μCaccumulated charges 

using 0.1 cm3 of the test solutions (pH 1) containing lppm Ga3+ as an internal standard.’The 

measurement covered the concentration range from 10 tolOOO ppb for Cr2012・ and As04へand

from 20 to 2000 ppb for S04 2-. 

Fi思ire3 shows the results for the calibration meru写urements；由eexperimen凶

concentration (Cexp) is plotted ag泊nstthe nominal one (Cth）.百四straightline co汀espondsto 

the relation of cex= cth• The experimental concentration is determined from the formula 

c
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九一九×
 

．

η－
川

町
一
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where C represen岱 theelemental concen仕組onin sample solutions [ppb ], N is the number of 

photons in characteristic pe水sfor 3μC of accumulated charges, A is atomic weights, a is 

total K-shell X-ray production cross-sections for 3 MeV protons，εis correction factors for 

the relative intensities of ~ultiplets in the characteristic X-ray spec甘um，εisthe detection 

efficiency of 5 mm-thick Si(Li) detector with 25 μm-thick beryllium window, which has been 

determined in the X-ray energy range of 2・60keV.，ηis linear attenuation coefficient of 120 

凶npolyethylene absorber, and由esubscripts of Ga and E are used to designate Ga3+ -internal 

standard and the elements of interest, respectively.百ie0・andy-values for each characteristic 

X-ray were obtained from the text book by S. A E. Johansson and J. L. Campbell8), and the 
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attenuation coefficients were quoted from the text book by K. Debertin and R. G. Helmer9>. 

百四differencesbetween the nominal and the analyzed concentrations seldom exceed主 15% 

in the wide concen仕組onrange, although around 40% deviation is observed in出ccase of 10 

ppbAsO／・ probablydue to inhomogeneity of恥 targetcaused by multiple deposition of the 

test solution on the film. A relatively good accuracy in the PIXE analysis reveals reliability of 

the X-ray productionαoss-sections cited in the literature8>. Moreover, the PIXE 

measurement of samples containing an internal standard enables the quantitative analysis of 

anionic elements in water without exact knowledge of the analytical arrangement of PIXE 

se旬 used. The limit of quality of water to drink is < 50 ppb for Cr(VI) and < 10 ppb for 

As(V). It is clear from thおfigurethat th蹴 lowconcer削 .tionscan be determined without 

any preconcentration by means of血cPIXE measrement for t訂getswhich are prepared by 

deposit泊ga small amount of water sample directly onto thin polycarbonate tlms of low 

continuum X-ray backgrounds. 

Table 1 shows the reproducibility of血cPIXE analysis for Cr 2 07 2・．百1esesamples 

were individually prep訂edunder the s担necondition. ’The counts in Ga Ka-peak varied two 

times among the samples, even血oughall S創nplescontained an equal amount of Ga3+ －泊ternal 

standard.’This probably is ascribed to the fact that a different portion of the deposit on a film 

was irradiated by proton beams of 3 mm-diameter spot due to shift of the deposit仕omthe 

C切断ofthe ftlm mounted on the ap釘ture(20 mm diameter) of Mylar target frame. h cited 

in this table, however, counts泊 theCr Ka圃peakwhich are normalized by ones in the Ga Ka-

peak give the resul臼 inagreement with the nominal concentrations; the deviation is smaller 

than主 13%.百tisfact indicates reliability of the PIXE analysis for the deposited targets 

containing an internal standard. 

In conclusion，出inpolycarbon剖efilms, which were prepared by dropping the cぉting

solution on the surface of an aqueous sucrose solution, offer a good combination of 

mechanical s仕eng血， chemicalstability and low continuum backgrounds.’The concen甘ations

of sot, Cr20／・組dAsO／・weredetermined in the range from 10 to 2000 ppb by the PIXE 

measurement of the targets which were prepared by means of depositing 100凶ofthe民st

solutions containing Ga3+ -internal standard onto the films. 
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Table 1. ＆句rodual>ilityof the P政Ean均sisfor出事自（α心,2-)deposi飽donfilms 

N。凶凶 M白suredconcentration 
concentration 

[ppb]•> [ppb] 

1000 962ま32勾 1074土89 1003土45

400 407土 10 392土19 421土20 396ま12
40 38土3 45土2 42土3

1）：土1.6% error due to dilution of stocked solutions of也emetals. 2): the抱 tisti伺 l

deviatio回 of也echaract町並ticX-ray yields. 
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II. 3. Determination of Heavy-Metal Concentrations in Water by 
PIXE Analysis Using Zirconium as an Internal Standard 

Yamazald H., Tanaka M., Tsutsumi K., Ishii K., Matsuyama S., Inoue J., 
Murozono K., Iwasaki S., andα伽 raH.*

D句par的iento/Quan加mScience and Energy Engineering, Tohoku Universiザ
Cyclotron and Radioisotope Center, Tohoku Universi砂＊

Introduction 

Owing to gre剖 awarenessof a pollution problem in natural environment, composition 

of rain and surface water has been often analyzed for many years by atomic absorption 

spec廿opho閥均（AAS）・ Particle-induced X-ray emission (PIXE) hぉ been used 

extensively for analyzing aerosol samples and offered h泡hersensitivity (nano・gramlevel) 

than AAS measurements 1・5). However, little work has been reported on the PIXE analysis of 

water samples due to problems of sample preparation6・7)_ Since PIXE is conveniently used 

for analysis of thin uniform sampl岱， metalsin aqueous s担nplesshould be concentrated into a 

出insolid-target of uniform composition, Le., some chemical甘eatmentis required for the 

target preparation in PIXE measurements. 

In a preceding paper8¥ a combination of chelation by dibenzy ldithiocarbamate 

(DBDTC) ions with subsequent condensation into dibenzylidene-D-sorbitol (DBS) gels has 

been developed for preconcentration of heavy metals (Fe3+, Co勺ぜ＋）加 co吋unctionwith 

rapid preparation of thin uniform t訂ge包 forPIXE analysis. ’The DBS gels containing the 

metals in solutions are 白e~ collected on a nuclepore filter for direct irradiation by 3 Me V 

protons泊 asystem of vertical beam type in-air PIXE at 4.5-MV Dynamitron laboratory of 

Tohoku University. Details of出esystem was desαibed in Reference 9. At present, 

proportionality of the beam current vs. X-ray yields was confirmed to be good, but the 

absolute value of the impinging beam cu汀enthas remained uncertain. In order to main凶n

high quality of the PIXE analysis, it is necess訂ynot only to procure the accurate value of 

impinging beam cu汀entbut also to calibrate the detection efficiency of the analytical system at 

regular inteivals. Use of an internal standard in the PIXE analysis enables determination of 

the absolute concen甘ationsof metals from the elemental X-ray yields without exact 

knowledge both of the surface density of incident protons and of血Cmeasuring訂rangement.

However, we can fmd few reports on a me凶ーpreconcen仕組onprocedure using an internal 

standard for the PIXE analysis. This is probably ascribed to血cdifficulty in preparing白in

target specimens containing homogeneously an internal standard element. 
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In白isstudy, elemental reactions in曲epreconcentration step (the metal-DBDTC 

complex formation and condensation卸toDBS gels) are optimized to contain the internal 

standard of zirconium in target specimens. 百1emodified preconcentration procedure is 

applied to preparation of targe臼 obtainedfrom solutions containing seven heavy metals 

(Fe,Co,Ni,Cu,Cd,Hg,Pb) in different amoun也，組d血eaccurぉyin determination of the 

me凶ーconcentraionsin the 5・100ppb range is examined on由epresent in－必rPIXE setup of 

our laboratory. 

Preparation of targets with Zr internal standard 

In the preceding paper8l, the following procedure w錨 recommended for 

preconcentration of metals in the ppb-ppm range: Into 25 ml of a solution containing a heavy 

me凶（4<pH<5),3.5 moles of DBDTC (1.25 ml of 0.1 % (w/v) DBDTC in m仙 anoりwere

pipetted, and the solution w錨 keptstirred for 4 minutes. After pH of the solution was 

adjusted to訂ound5.2 with lM acetate buffer solution, 0.4 mg of DBS (10μ1 of 4%(w/v) 

DBS in dimethy lsulfoxide) wぉ addedand immediately set to gelation. 百ieme旬1・DBDTC

complexes condensed into the DBS gels were collected under a reduced pressure （～250mm 

Hg) on a nuclepore filter (0. 2 μm pore) for direct irradiation by proton bean百．白血eo血er

hand, the tl仕組onwas carried out under a reduced pressure of～400 mm Hg through a 

nuclepore tlter of 0.4 μm pores (10 μm thick and lx108 pore densiザ） in the pr凶 entstudy; 

the tl佐ationt泊1ewas shortened to < 3 minutes, and no loss of metals was detected in the 

m廿ates. A出inlayer of the gels on血efilter (13 mm diameter) was wぉbedwith 10 ml of 

deionized and distilled water and then合iedover silica圃gel. 百1e tlter was mounted on a 

Mylar holder, which was screwed on a steel slide frame for the direct irradiation. 

Zirconium can serve as a suitable internal standard, because it is a rare element in 

natural water and its characteristic X-rays do not interfere with determination of elements of 

interest to measure water pollution by PIXE. However, the PIXE analysis shows low 

sensitivity to zirconium due to the small inner-shell ionization by protons of 2・3MeV. As 

compared with the reported concentrations of heavy metals in surface water samples, a large 

amount of Zr (25陪） must be used from恥 standpointof statistical errors of the Zr-peaks in 

恥 PIXEspectrum; under the present condition of血ePIXE analysis (3 Me V proton beams of 

3・mmdiameter and 2 nA of apparent currents), the X-ray yield of Zr atoms in target 

specimens is around 2000 counts in its Kαpeak for 2 μC of accumulated charges.α1 the 

other hand, Zr ions are easily hydrolyzed even泊 S甘onglyacidic solutions10）.百iep巾 cipal

species, which is formed by reversible hydrolysis at concentrations of acid gr回 t釘 than

several tenths molar, is a polynuclear Zr l0H)8 s+. At lower acidity, a slow irreversible 

hydrolysis occurs, accomp組 iedby an increase泊 polymerization. 百ierefore,a standard 

solution containing 1000 ppm zirconium in 1 M HN03 is used, and it is assumed白紙Zrions 

might act as the "yl”ion, Zra2七inthe chemical reaction with DBDTC ions. 

90 



'h・recoveryin the preconcentration step was加vestigatedぉ afunction of血eamounts 

of DBDTC ions; a desired釘nountof DBDTC ions was added into 25 ml of 1 ppm Co2+ 

solution of pH around 4 and血en25 μI of血estandard solution of zirco凶umin 1000 ppm 

wぉ pipettedwhile stir巾ig. 百ieconcentrations of 'h and Co ions in the m佐at凶 W釘 C

determined by spec甘opho・tometryusing arsenazolllぉ coloringreagent11) and by atomic 

absorption spectrophotometry, respectively. 百ieCo・concen仕組onsin fi1甘ateswere lower 

伽血cdet例 onlimit (0.01 ppm), indicating the quantitative recovery.αl the other h叫

Table 1 reveals constant but incomplete recoveries of 'h ions (94～96 % ), even though a large 

excess amount of DBDTC ions exists in terms of the stoichio鵬首icDBDTC-complex説onof 

hぴ＋ and eo2+ ions totally in 0. 7開nole. 百ieE・recoveryalso was examined in sample 

solutions f民efrom Co ions,' but there appeared no improvement of the recovery. These facts 

suggest a decr伺 sein chemical reactivity of polymerized zirconium species such as 

Zr4(0H)8 s+. 

Fi思ire1 shows the effect of pH on出crecovery of 25με 'h in preconcen甘ationstep 

of 1 ppm Co solution (25 ml) at 1 pH 5 by the use of 8.5 μmole of DBDTC and 0.4 mg of 

DBS. 官ierecovery obviously depends on the pH values in sample solutions; the largest 

recovery (95主 1%) can be ob凶nedonly when DBDTC ions紙 面itiallyadded to samples at 

pH=4叩 d出en'h-DBDTC complexes are formed剖 pHaround 3. The succeeding changes 

of pH value to bo血 lowerand higher sides (2spHs5) have no effect on the 'a-recovery. 

百iereappeared milky turbidity when the DBDTC-solution was added to samples at pH 3, 

indicating precipitation of carbamic acid due to the small dissociation constants 

(2. 95spK8s5.19)12>, i.e., an undesirable side reaction of DBDTC ions added to sample 

solutions.百ie'h・recovery;slightly deαeases in a solution buffered at pH 5.百iismight be 

ぉαibedto slow irreversible hydrolysis of 'h ions accompanied by inα・ease in polymerization 

to less reactive species. 

Bぉedon the results shown in Table 1 and Fig. 1, the following procedure w錨

derived for target prep訂ation:2.5 ml of 0.1 % (w/v) DBDTC solution was added into 25 ml 

of a sample solution, which is initially ne凶 alized( 4 pH 5）釦dthen 25凶of1000 ppm 'h in 

lM HN03 was pipetted as . the internal standard. This solution was proc凶 sedby the same 

manner as before. 百印刷nlayer of DBS gels containing metals and 'a-standard on a 

nuclepore filter was mounted on a sample holder and ready to be exposed to proton beams. 

Table 2 shows the results of the PIXE analysis of four targets independently prepared 

under the same condition. ’The counts in Co-and 'h-Ka peaks were normalized to 2μC of 

accumulated charges. A little bit larger fluctuation appe訂sin the counts of the kαphotons 

(3.3-4% of s凶伽dv剖剖ion）白anin the ratios of Co・to'h-coun也（2.4 % of standard 

variation）.百ieratio remains unchanged within the statisticalぽrorsof出epeak counts for 

different location of imping泊gbeam spo也 onthe identical target. ’These facts indicate the 
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reliability of由ePIXE analysis using an internal standard and the reproducib出tyof prepar泊g

theぬrgetspecimens of uniform composition. 

Calibration with using matrices of known compositions 

In order to evaluate reliability of出equantitative PIXE analysis through the present 

system, calibration curv岱 weremeru写uredfor a multielemental sample of 25 ml containing 25 

陪 ofZr as組 internalstandard, which W錨 preparedby adding known and different amounts 

of seven metals (ob凶nedfrom atomic abso中tionspectrophotometry standard solutions) to 

deionized and distilled water. 百1eseven heavy metals, viz, Fe3+, Co2+, Ni2+, Cu2+, Cd2+, 

Hg2+ and Pb2+, were used from the standpoint of an analysis of w剖erquality. 百1e

measurement covered the concentration range from 5 tolOO ppb of the seven metals. 

Typical PIXE spec甘aof the targe臼 withand without the metals are shown in Fig. 2. 

The X-rays emitted from excited heavy atoms are superimposed onto a continuum of 

bremss甘ahlungsand y-ray Compton tails. The continuous components come from the必rgap 

over the targe飴（0.6 cm), the sample sediments ( <10 μm血ick)and the nuclepore filter (10 

凶n出ick）.百1espectrum of the blank, which does not contain the seven metals, reveals no 

detectable impurities under the experimental condition; no other X-ray peak except K X-rays 

of S in DBDTC, Ar h剖rand Zr stand訂dwas observed in the blank spec甘um.官1ecomputer 

program, named SAPIX, 13) was used in order to sep訂 atepeaks in the PIXE spec甘a.In由is

pro gr担n,a combination of a polynominal curve and two exponential ones is fitted to the 

continuous componen脂 hthe spec仕umby the l伺 st-squ紅白 method.’Thepolynominal curve 

desαibes the lower energy side of the bremss甘ahlungs,while the two exponential curves 

express the higher energy side of血ebremsstrahlungs and the y-ray Compton tails. 

Succeedingly，出epeak area of X-rays characteristic to each element is determined by the 

Gaussian-peak fitting. When the ~ peak of an element Z overlaps with the kαpeak of 

element Z+l，血ecounts in Ka peak of the element Z+l are obtained by substructing the 

product of出cKa peakcoun包 andthe intensity ratio (Ki/Ka) of the element Z附 fromthe to凶

counts in the overlapping peak. In血isway, the yield of Ka X-ray characteristic to each 

element can be determined for the irradiated t訂getspecimens. 

Figure 3 shows calibration curves for the PIXE analyses of白cseven heavy metals. 

百1eratio of peak counts of the metals to those of Zr-standard is plotted ag必nstthe nominal 

metal concentration in ppb; the coun路加に X-raypeak are used except for Hg and Pb, where 

血eLa X-ray yields are used for the analysis. A good linear relationship is obtained between 

白econcentrations and the X-ray yields for all the metals, indicating a good quantitative 

analysis of these metals in the concen甘ationrange of 5・100ppb by means of the PIXE setup 

of our laboratory. 百1euse of Zr internal standard C組 eliminatesystematic cηors in charge 

integration of impinging beams and in detぽminationof the geometrical p紅白ne旬rsof the 

analytical arrangement (the dis凶 cebetween target and detector, the solid angle subtended by 

a beam spot on target at the detector, etc.). 
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百ieabsolute concent.J・ationsof the metals in sample solutions were calcurated from the 

experimen凶 resultsin order to evaluate the accuracy of血cPIXE組 alyzmgsystem m our 

laboratory. Since chelation of DBDTC can be exerted in the same way to almost all of 

monomeric transition metals ~2），血c recovery of血eseven metals in target preparetion is taken 

ぉ 100% except for Z付加dard,for which恥 constantrecovery (95ま 1%) is ob凶 edぉ

shown in Table 1 and Fig. 1. Based on出emass attenuation coefficients of X-rays in the 

energy range from 5 to 20 ke v15> , the authors can estimate almost flat efficiency curve for a 5 

mm-thick Si(Li) d似 torof :25 iル thickberyllium window, along with attenuation less than 

4 % due to 0.85 cm of血eair gap between the targets and the detector and a 12仰n－血ick

Kapton film on由ebeam exit assembly with a built-in detector. Detection efficiency of the 

analytical system can clearly be assumed to be constant over the X-ray energy region from 5 

to 20 keV. Under these conditions, we use the formula 

CM 
NMυaZr-yZr '"i AM '"i r1 

NZr・α ハ OM•yM ハ AZr ハ ~Zr ' 
、‘，
F

4
E
A
 

J

’・1

where C represen臼 themetal concen仕組onin sample solutions [ppb ], N is the number of 

photons泊 K-or L -peak per 2 μC of accumulated charges, A is the atomic weight of metal, 

αis to凶 K-or L-shell X-ray production cross-sections for 3 MeV protons [10・24cm2］， αis 

出eco汀ectionfor the Zr-recovery in preconcen甘ation[1. 05 ± 0. 01 ], y is the correction for the 

relative intensi加 ofmultip~e飴 in PIXE spectrum, and恥 subsc巾tsof Zr and M are used to 

designate the zirconium internal standard and the metal of interest, respectively.百1evalues of 

the physical parameters us~d in qu組 t出cationσable3) were obtained from the text book by 

Johansson and C出npbelJ14>.

Table 4 shows the metal concentrations along with the precision from counting 

statistics under the present釦 angementof in-air PIXE system; the imping均 beamspot (2 nA 

of 3 Me V protons) on targe包 hasaround 3 mm diameter, and the 5 mm-thick Si(Li) detector 

of 30 mm2 area is placed at 135° position and a distance of 30 mm from the t訂getsurface. 

Although there appears rather poor precision泊 determinationof Cd-concentrations due to the 

low X-ray yield, the concentrations of other metals C組 bedetermined with a small statistical 

deviation (less血組主 7%). The differences between the nominal and the analyzed 

concentrations seldom exceed± 14 % in the concentration range from 5 to 100 ppb. Good 

accuracy in由ePIXE analysis reveals applicability of the X-ray production cross-sections 

cited in the literature14>. M<:>reover, it is clear that由ePIXEme錨 urementof targe包 containing

Zr-internal standard enables the qu釦 titativeanalysis of elements producing X-rays of 5-20 
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ke V without exact know ledge of血cbe担ncu汀entand the analytical arrangement of the PIXE 

setup used. 

PIXE analysis of drinking water 

As just desαibed, many kinds of heavy metals together with 'Zr internal standard can 

be simultaneously concentrated into thin uniform target spec加ens,and白cp伺k紅 Cぉ in

PIXE spec甘acan be co町ectlytranslated inね theabsolute concentrations in terms of the 

reported data pertinent to inner shell ionization and subsequent X-ray emission14>. Hence, the 

methodology is applied to monitor time variation of heavy metal-concentrations泊合inking

water. 

A sample of d巾 kingwater (30凶） was collected from a faucet in our laboratory at 

four hour intervals and was chemically treated in the same manner as before. 百1et釘gets

were irradiated by 2 nA of 3 Me V proton beams in the PIXE system, and白espectrum was 

analyzed by the SAPIX program. 百1eabsolute concentrations of detected elements in 

drinking water were determined in accordance with恥 equ剖ion(1); the values of p紅ameters

relevant to the X-ray productions of detected elements were also obtained from the reference 

(14). 

Figure 4 shows the time variation of elemental concentrations in drinking water over 

20 hours. 百四 analyticalerrors based on counting statistics訂eless than主 16% for all 

elements except As, Br and Pb, for which much larger errors (from玄 38% to玄 97%) appear 

due to overlapping of small peak of As・Kawith血atof Pb-La X-rays and of As-K~ with the 

peak of Br-KαX-rays. Many kinds of elements were detected加 thesamples of pH 6. 8, but 

批 concentrationswere within the H凶tof quality of water to dri此；［Mn]< 50 ppb, [Fe] < 

300 ppb, [Ni] < 10 ppb, [Cu] and [Zn] < 1000 ppb, [As] < 10 ppb, and [Pb] < 50 ppb円

High sensitivity of the PIXE analysis makes it possible to clearly distinguish the change in 

elemental concentrations in the samples; the concentrations of Mn, Cu and Pb apprぬably

increase in the second sample ( 4 hours elapsed) and then decreぉcslowly, but the other 

elements have slowly decreasing or rather constant concentrations over the time span. 百1e

widespread elemental concentrations in the samples can be detected by PIXE; the 

concentrations of Zn and Fe紅 Cten to hundred times higher than those of other elements in all 

S創nples.Since As and Br exist as anionic species in neutral solutions, these elements can be 

coprecipitated with metal-DBDTC complexes泊 thepreconcentration step due to low 

solubility of arsenate or bromate of major transition metals in water. 

Conclusion 

In this study, the metal-preconcentration procedure was established to prepare a血in

un江ormtarget containing Zr as an internal standard for the PIXE analysis. 百1etarget 

preparation and出ePIXE meぉurementare not time-consuming；血etarget preparation 

requires less than 10 min, and the peak areas with good statistical precision can be obtained 
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within 20・minirradiation (2 nA of 3 Me V proton beams）白rough白 presentPIXE system of 

our laboratory. The use of 'h internal standard permits simultaneous determination of seven 

heavy metals in ppb-concentrations by the PIXE setup without exact know ledge of the 

integrated charges of impinging beams and the analytical arrangement (the distance between 

targe包 andthe detector, the solid angle，的．）．唄1edata pertinent to inner shell ioniz.ation and 

subsequent X-ray emission, compiled by Johansson and Campbell14>, are quite useful to 

translate the elemental X-ray yields in PIXE spectrum into the absolute concentrations in 

sample solutions. The difference between the PIXE results and the nominal concentrations is 

found to be less than主 14%. No appreciable correction for the detection efficiency and the 

attenuation of X-rays are needed to obtain absolute values of the concentration of elemen岱

producing X－町sof medium energy (5 to 20 keV). However, these corrections are important 

in analyzing the yields of X-rays having lower ( <5 ke V) or higher (> 20 ke V) energy. 

Moreover, overlapping of peak訂eas 泊 PIXEspec甘amakes it uncertain to identify 

responsible elements. Therefore, it would be preferable to develope a new methodology for 

the spectrum analysis in order to promote the PIXE analysis to a truly effective m伺 nsof 

dealing with many samples of complexityぉ inmonitoring w剖erpollution. Development of a 

new analyzing method for PIXE spectrum is currently in progress in our laboratory. 
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Tめ1lel.Effect ofDBDTC amounts on也eZr-recovmy 

Zr・・・recovmy

（%） 

Equival回 tratio

(DBDTC/M蜘 ls)

DBDTC 

(μmole) 

91～93 4.1 5.7 

93～95 4.9 6.8 

94～96 6.2 8.5 

95～97 

94～96 

7.4 

9.9 

10.2 

13.6 

Table2. It句・roducibilityof曲ePD信組alysisusing Zr・面.temalst血 dard

Coun脂血

CoK.peak 
Ratio包COUD担

Co/Zr 

Counts凪

Zr K.p伺k

21.S 1846 39760 

±o.s1> 20.2 土 681>2131 ± 111s1> 42944 

。.4%)20.6 (3.3%) 2039 (4.0%) 42080 

22.4 

Sample: 2Scm3 of 0.9 ppm Co釦Iution(0.38仰noleCo2•, pH4), 25問。fZr・蜘ndard

(0.27凹noleZrO勺.1）：託血白rdvariation. 

2138 47907 

Table 3. Physi伺 1parameters used恒也equanti凶 veanaly由14)

A y 

Lp/L. 
σ 

(l0-24 cmう
九四y

Ly/L. 

Fe-K. 

c。－K.

Ni-K. 

Cu-K. 

Cd-K. 

Hg-L‘ 
Pb-L. 

Zr-K. 

SS.49 

58.93 

58.69 

63.SS 

112.4 

200.6 

207.2 

91.22 

a
－T
a
－

y
 

h司
d

h

y

・
0
0
0
0

A
U
A
U
 

n
v
A
U
 

0.595 

0.595 

K./Kp 

0.136 

0.137 

0.138 

0.139 

0.216 

3

2

7

2

ゆ

8

1
ゆ

ロ
M

U

%

u

u明

u
n
M

0.191 

96 



!Oz 

10 

Table 4. Accuracy of曲ePIXE anal戸is凶泊gZr笛 aninternal s凶1dard

Nominal Analytical values [ppb] 
concen. 
[ppb]'> Fe Co Ni Cu Hg Pb Cd 

100 100土2.6° 99.8土2.6 104土2.8 107土3.098.3土s.o109土6.0103古 18

75 72.9土1.972.2土2.0 73.9土2.1 76.8± 2.3 71.l:!:: 4.2 75.l:!:: 4.8 72土15

40 42.6土 1.239.4土 1.245.6土1.9 37.7：士 1.639.7:土2.645.lま3.S 45土12

20 20.2土0.6 19.7：土0.6 2t6ま0.6 21.6土0.717.6土 1.1 17.弘 0.821.9土4.3

s 5.0土0.1 4.9土0.1 5.1土0.1 5.7土0.1 5.3ま0.3 5.8土0.4 6.0土0.6

Targets w町eprepared企・om25 ml of鈎 lutionscon凶ning鰐V叩 me飽Is釦 dZr・・凶emal 

期 n也rdIrradiation condition: 2 nA of 3 Me V proton b回ms組 d2 μC of accum叫ated

charges. 1）：ま1.6%町ordue to dilution of st叩ked叩1凶onsof也eme包ls. *:the 
戸間sionb出cdon血eは説話回ldev凶 onof血ecbaractぽ凶cX・町yiel也．

100 

：同
。 。

0 ＠ g 

． 
国降 下O

,, 
． ． ． 

。 2 3 4 6 
pH 

Fig. 1. E古田tof pH on也eZr-recovery h曲epr旬。ncen位制onstep. (1): The pH of 

solutions remained at血especified value (1 ~pH~S）也roughout 也er回 ction.(2): First, 

DBDTC-and Zr-solutions w町eadded to臼mpleぬlutio凶 ofpH4組 d也en,aftぽ 4・凶n

s自由g，也epH血也e鈎 Iutionsw笛叫j凶 tedto也especified value by using HNCh or 

ace阻tebu官官solutions.

Bia此 Samplc(sev伺 metals)

10 

s 10 1S 

Encrgy(kcV) 

Fiι2. Typi伺 lsp句協of也e血・airPIXE analy鎚 s.Targe白W釘eprepared企・om25ml

of鈎 1凶onscon凶卸gsevenme・箇lsand Zr-internal s凶 dardIrradiation condition: 2 nA 

of 3 MeV proton b錨 nsand 2 μC of accmnulated charges. 
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III. 1. Regioselective Synthesis of 6・［18F]-Fluoro・L-dopavia 
Radiofluorodestannylation 

Okazaki, M., Iwata R ., and /do T. 

CYRIC Tohoku University 

Introduction 

Recently much efforts have been paid to the syn由esisof 6・［18F]-fluoro-L-3,4・

dihydroxyphenylalanine (6・（18F]-FDOPA1) due to its useぉ aprobe for central dop則 的

metabolism in vivo by positron emission tomography (PEη. Several methods on the 

electrophilic synthesis of 1 have been reported. As a pioneer work, Adam et al. described the 

routine synthesis of 1 by the reaction of (18F]acetyl hypofluorite with L-methyl-N-acetyl-[fl-

(3-methoxy-4-acetoxyphenyl)]alanine to give the isomeric mixtures of 1 and 2・[18F]-FDOPA

in the ratio 1 : 11＞.百1eEOB radiochemical yield bぉedon Ac018F W錨 8%. Luxen et al. 

improved the radiochemical yield upon血eregioselective fluorodemercuration of 3, 4・

dimethoxy-6・trifluoroacetoxy-mercuric-L-phenylalanine ester, followed by hydrolysis to give 

1 in 11 % EOB yield bぉedon (18F]F22>. Due to toxicity of the mercuric precursor, the method 

was not widely accepted as a versatile route of 1. 官1isannual report describes an easily 

accessible synthetic method of a pure tin-precursor for 1. ’The [18F]-fluorodes凶 nylationof 

the tin-precursor with (18F]F2 or [18F]AcOF, followed by thermal hydrolysis afforded 1 in 

high radiochemical yields. 

Experimental sections 

3,4・Dihydroxy-L-phenylalaninemethyl ester hydrochloride (2). 

Dry hy合ogenchloride was bubbled由rougha solution of OOP A (3, 4-dihydroxy-L-

phenylalanine) (8.0 g, 0.0406 mol) in absolute methanol (200 mL）剖roomtemp町ature,and 

the solution was refluxed for 3 h. Volatiles were evaporated under reduced pressure. 

Crystalli7.ation of the colorless residue from methanol and 2-propanol/ethyl ether gave 2 (9.1 

g, 0. 0367 mol) as a white solid in 90% yield. Compound 2 can be purchぉedfrom Sigma 

(01507). 

N・0・Butoxycarbonyl）・3,4・di(t・butoxycarbonyl）・L-phenylalaninmethyl
ester (3 ). 

A solution of di-t-butyl dicarbonate (9. 7 g, 44.4 mol) in 12札 ofanhy命ousDMF 

was added dropwise to a solution of 2 (2. 0 g, 8. 07 mmol) and anhy命ous白血yl倒的（5.3
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mυin anhy命ousDMF (10 mL) at room除mperature. After stirring the mixture at room 

temperature for 24 h, the reaction mixture wぉ pouredinto a separatory funnel together with 

50 mL of ethy I acetate and 50 mL of saturated NaCl solution. 百四 organiclayer was 

separated from the aqueous phase and washed with saturated NaCl (50 mLx3) solution and 

water (50 mLx3), respectively.百四 organiclayer wぉ driedover magnesium sulfate. After 

m甘ation,volatiles were evapor剖edunder reduced pressure. 百iecolorless residue was 

chromatographed on silica-gel (ethyl acetate : hexane = 2 : 3) to afford a colorless oil. 

Crystallization from ethyl ether/hexane gave 3 (3.5 g, 6.84 mmol, 85%) as a white solid. 1H 

NMR (400聞包 CDCl3）δ7.18(m, lH, Ar), 7.01 (m, 2H, Ar), 5.01 (br. d, J = 7.8 Hz., 
lH, NH), 4.57 (br. q, J = 7.8 Hz., lH, CH), 3. 70 (s, 3H, COOCH3), 3.08 (m, 2H, CH2) 
1.54 (s, 9H×2, t-Bu×2）’ 1.43 (br. s, 9H，トBu).Anal. Calcd for C25H37N010: C, 58. 70; H, 

7.29＇｝る. Found: C, 58.71; H, 7.379る．

N-(t-Butoxycarbonyl）・3,4・di(t-bu toxycarbonyl）・6・iodo・L-phenylalanine

methyl ester ( 4). 

To a solution of 3 (1. 48 g, 2. 89 mmol）組dsilver trifluoroacetate (0. 83 g, 3. 76 

mmol) in 50 mL of CH2Cli was added iodine (0. 88 g, 3. 4 7 mmol）剖 roomtemperature. 

During the reaction, the light yellow precipitate was formed. After stirring the reaction 

mixture for 48 h at room temperature, the precipitate wぉ filteredand wぉhedwith CH2 Cl2 

(10 mLx2）・ Thecombined filtrate was poured into a separatory funnel and wぉhedwith lM 

sodium thiosulfate (50 mLx3) and w瓜er(50 mL×3). The organic layer was dried over 

magnesium sulfate and evaporated under reduced pressure. ’The residue was 

chromatographed on silica-gel (ethyl acetate : hexane = 1 : 2) to give a colorless oil. Ethyl 

ether (10 mL) was added, and the solution was concentrated under reduced pressure to give 4 

(1.24 g, 1.95 mmol, 68%) as a whi包 powder.1H NMR (400 MHz., CDC13) fJ 7. 73 (s, 1H, 

Ar), 7.11 (s, 1H, Ar), 5.06 (br. d, J = 8.3 HζlH, NH), 4.60 (br. q, J = 8.3 Hz., lH, CH), 
3. 72 (s, 3H, COOCH3), 3.17 (m, 2H, CH2), 1.54 (s, 9H，トBu),1.54 (s, 9H，トBu),1.40 

(br. s, 9H，トBu).Anal. Calcd for C25H361N010: C, 47.10; H, 5. 699る.Found: C, 47.38; H, 

5.62%. 

N・0・Butoxycarbonyl）・3,4・di(t・butoxycarbonyl）・6・（trimethylstannyl)-L-

phenylalanine methyl ester (5). 

To a solution of 4 (0.50 g, 0. 74 mmol）組dt紺 aids(triphenylphosphine )palladium(O) 

(40 mg) in anhy合ous1, 4-dioxane (12叫 wasadded hexamethylditin (0.36 g, 1.10 mmoり，

and the mixture was refluxed under an Ar剖mosphere.During the thermal reaction, the black 

solid was precipitated. After 5 h, the reaction mixture was filtered to remove the black 

precipitates. 百iefil甘atewas concen甘atedunder reduced pressure, and the residue was 

subjected to a silica-gel chromatography ( ethy I acetate : hexane = 1 : 2) to give a colorless oil. 

Ethyl ether wぉ added,and the solution wぉ concentratedunder reduced pressure to afford 5 
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(0.40 g, 0.59 mmol, 80%) as a white powder. 1H NivlR (400 :MHz, CDCI3) ~ 7.27 (s with 

Sn satellites 3 J1但ーSn)= 47 Hz, lH, Ar), 7.09 (s with Sn satellitesツ（H-Sn)= 15 HζlH, 
Ar), 4.89 (br. d, J = 9.0 Hz, lH, NH), 4.51 (br. q, J = 9.0 Hz, lH, CH), 3. 71 (s, 3H, 

COOCH3), 3.06 (m, 2H, CH2), 1.55 (s, 9H，トBu),1.54 (sヲ 9H，トBu),1.40 (br. s, 9H，ト

Bu), 0.35 (s with Sn satellitesケ（H-Sn)= 53 Hz, 9H, SnMe3). Anal. Calcd for 

C28H45N010Sn: C, 49.87; H, 6.739る.Found: C, 49.89; H, 6.72＜｝る．

Fluorination of a tin-precursor 5 with [18F]Acetyl hypoOuorite via 

destannylation. 

Typical procedure wasぉ follows:Compound 5 (30 mg, 44 μmol) was dissolved in 

acetic acid (10 mL) and placed in a reaction vessel. (18F]Acetyl hypofluorite w錨 bubbled

through the above solution at room temper剖ure.After tluorination, the reaction mixture was 

transferred to a rotary evaporator and concentrated under reduced pressure. The residue was 

hydrolyzed with 6N H ClσmL）剖 120°C for 15 min, and the mixture was evaporated to 

dryness under reduced pressure. ’The crude 6・［1sF］・FDOPA1 (22.3 mCi) wぉ dissolvedin 

0.1 %CH3COOH and analyzed by HPLC (radiochemical purity 97%）・

Results and discussions 

Synthesis of the tin-precursor 

百1etin-precursor was prepared from commercially available L-dopa. Thermolysis of 

L-dopa in methanol in由epresence of hydrogen chloride gave the methyl ester hydrochloride 

2 as a white power in 90% yield. NH2 and OH groups in 2 was easily protected withト

butoxycarbonyl group (Boc) by the reaction of 2 with diートbutyldicarbonate in出cpresence of 

triethylamineめ produce3 as a white power in 85% yield. Subsequently, regioselective 

iodination was achieved by the reaction of 3 with iodine in the presence of silver 

tritluoroacetate. Workup of the resulting mixture afforded a white power of 4 in 80% yield. 

百1eresulting iodo・compound4 reacted with Me3SnSnMe3 at 110 °C泊出epresence of 

ca凶yticamount of Pd(PPh3)4 to give a tin-precursor 5 as a white powder in 80% yield.’The 

total yield from the commercially availableしdopato 5 is 449るviafour steps. 

[1sF］・Fluorinationof a tin-precursor via destannylation 

Fluorodestannylation of the tin-precursor 5 was carried out as illus甘atedin Table 1. 

Treatment of 5 with [18F]F2 or [18F]Ac0F caused radiochemically clean [18F］・

fluorodestanny lation.’The resulting [18F・］－labeledfluoro intermediate w錨悩ilyconverted to 

6・［18F]-FDOPA1 quantitatively upon hydrolysis with 6N HCl剖 120°C. 

Conclusions 

We succeeded泊 thesynthesis of the organotin precursor for 6・［18F]-FDOPA 1 in 

excellent to凶 yield. The tin-precursor叩 be[18F]-fluo巾制時iosel倒 velywith ［凶F]F2
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or ［吋］AcOF. ’Theresulting [18F]-fluorinated compound was 郎自yhydrolyzed in the 

relatively凶 dacidic conditions ( 6N H Cl, 120。C)to produce 6・［1sF・］－FOOPAl.This work 

will promote the synthesis of 6-[18町－FDOPA1 via tluorodestannylation. 
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Table 1. Decay corrected radioch~mical yields for the production ofι（18F]-FDOPA 1. 

(18円source
radioche凶句lyield based on 

solvent [18F]F2 (%) 

F2 CFC13 17 

CH3COOF CFC13 19 

CH3COOF CH3COOH 23 

HOX)r~O.H のと H:xn:~－~：•

Boc~：：：M• 

：：：以五：：Me (iv) 

BocO以下ぷMe

4 

Fig 1. Synthesis of N-(t-Butoxycarbonyl）ム4・di(t-butoxycarbonyl)-6・（trimethylstannyl)-L-phenylalaninemethyl 

ester (5). (i) +HCI, MeOH, 3h，民自ux;(ii）＋但oc)iO,NEt3, DMF, 24 h, r.t.; (iii) +12' AgOCOCF3, CH2Cl2' 48 
h, r.t.; (iv) +MeeSn2, PdσPh3)4, 1,4-diox組 e,5 h，陀flux.
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III. 2. Tissue Distribution Study of Morine Monoclonal anti-GD~ 
Antibody in Nude Mice Bearing Human Melanoma Xenografts 

Ojima F., /do T.へ均・初ia-SudaI.**, and Naka.gawa Y. 

Depar加tentof PharmaCJi，均magataUniversity Ho.伊ital
Cyclotron and Radioisotope Center, Tohoku Universiゲ

To旬。PharmaceuticalReserch Laboratories, Nissin Food Products Co・， LTD.** 

Tissue distribution of radiolabeled monoclonal anti-GD3 antibody (lg附 wasstudied 

in normal mice and nude mice bearing the human melanoma xenograft. Tissue-to-blood 

distribution ratios of the antibody in the liver, spleen and kidney increぉedwith time in both 

normal and melanoma transplanted mice, however, no significant chang岱 wereobserved in 

other tissues. Specific accumulation of the antibody to human melanoma (HMV-11) was 

observed 4組 d5 days after injection.α1 the other hand, no specific accumulation of 

standard murine lgM to HMV-II was observed泊 micebearing the HMV-11 xenograft for 5 

days after 泊~ection. Since the tissue-to-blood ratio of the distribution ratio became larger 

than白atof other tissues 4 and 5 days after administration, 4 days after the administration of 

由eantibody were required for immunoscintigraphy. Accumulation of血eantibody to other 

human melanoma cells (HMV-1, HMY-1組 d阻 L188)inocu 

observed 4 days after the antibody adm泊is甘ation.百1emonoclonal anti・GD3antibody would 

be useful in immunodetection or immunotherapy. 

Introduction 

’The anti-tumor marker monoclonal antibody (mAb) has been developed for 

immunodetection in human tumors 1・2>.Monoclonal Ab is useful for in vivo immunodetection 

and the in vitro immunoassay system1-4>. 

Disialoganglioside GD3 was reported to be associated on the cell surface of 

lymphoblastic leukemia and other tumor cells3>. The anti-GD3 mAb reacts with human 

melanoma cells and some other human cells in vitro as analyzed by the fluoresein 

immunodetection system3＞.百1erefore,G 03 is an important旬mormarker ぉsociatedwith 

human melanoma ’There紅cmany differences around the GD3 on the cell surface situations 

between in vivo and in vitro. It is nee岱 saryto investigate tissue distribution of the mAb in 

nude mice bearing human同morxenografts for immunoimaging釦 dimmunothrapeutics5>. 

We examined the tissue accumulation of the anti・G03 mAb in human melanoma-bearing nude 
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mice in vivo and the timing necessary for detecting human melanoma usmg 

immunoscintigraphy. 

Materials and methods 

Anti-GD3 mAb 

加 ti-GD3murine mAb (lgM) established in our group w錨 purifiedfrom白紙itic

fluid of male BALB/c mice (Funabashi F訂m)previously inoculated with antibody-producing 

hybridoma. 百iemAb was partially purified by Sephacryl S・300(Pharmacia) gel exclusion 

chromatography.百tismAbreacts to ganglioside GD3 in vitro. 

Tumor models 

Human melanoma cells were cultured and subcutaneously injected (107 /100,uUmouse) 

in the back of male BALB/c nu/nu mice (Funabashi Farm）.百temice were given 0.1 % Nal 

solution 3 days before mAb injection to reduce spec泊cuptake of iodine into the thyroid. 

Melanoma transplanted nude mice were used in this study剖 3-4weeks after甘ansplantation. 

百treeor four mice were used in each study. 

Radioiodination of anti-GD3 mAb 

Radioiodination of anti-CD3 mAb wぉ performedusing an ENZ'YMOBEADS 

(Radioiodination System, Bio-Rad）・ αiehundred μL of mAb solution and 37 l¥IBq of 131 I 

were added to lOOμL of ENZ"YMOBEADS suspension. The iodination was started by the 

addition of 1 % {3-D-glucose (25件） and then血ereaction mixture was allowed to stand for 30 

min剖 roomtemperature. After centrifugation, the supernatant was applied to a Sephadex G・

25M column (PD-10, Pharmacia) to purlちrthe labeled mAb with phosphate buffered saline as 

血celution bu首er. Immunoreactivity of the labeled mAb was determined by comparison with 

the residual radioactivity in ,the wells coated with GD3 or no 003 after incubation at 37°C for 

120 min followed by three wぉhings. 百ielabeled mAb solution wぉ filteredto sterilize it 

before a伽血istrationto the凶cethrough the凶lvein (7.5・11.5雌／100件／mouse).

Investigation of the tissue distribution of ant-GD3 mAb初 themice t閥均ighuman melanoma. 

HMV-11 bearing nude mice were sacrificed on 3, 4 and 5 days after administration of 

labeled mAb through the旬i1vein. Blood, liver, heart, pancreas, spleen, small and large 

intestines, kidney, brain, rquscle and bone were旬ken.百iesolid tissues were washed with 

0. 9 % NaCl, wiped and weighed.百iesampl偲 andlabeled mAb solution were counted using 

an auto-well gamma countぽ. Tissue distribution wぉ expressedas the differential absorption 

ratio (DAR, coun飴 oftissuefiめ凶injectedcounts）×（g body wνg tissuのfornorm姻 ngthe 

body weight of each mouse. 百ietissue-blood ratio was also obtained to determine if 

accumulation would occur. The tissue dis凶butionof anti-GD3 mAb was also measured in the 

HMY-1 and MEL188 human mel釦 omabearing mice 4 days after the mAb adminstration. 
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Standard murine IgM W錨 iodinatedusing the same method錨 mentionedabove and 

its tissue distnbution ratio in HMV-11 melanoma b伺 ringmice were examined on 4 days after 

one hundredルofstandard murine lgM solution injection血rough山凶lvein to ce巾泊

specificity of anti-GD3 mAb accmulation to HMV-11. 

Autoradiography 

In the HMV-1 and HMV-11 inoculated mice, the mice were sacrificed on 4 days after 

labeled mAb injection and frozen in hexane-dry ice to make a 3 % sodium carboxy mぬyl

cellulose block. Slice samples were cut台omthe台ozenwhole body block with a・20°c

cryotome and exposed to X-ray film. 

Results 

Time course of tissue distribution of labeled anti-GD3肋 t¥b初 thenormal mice 

Bio dis凶butionof labeled ant-GD3 mAb in normal mice was investigated on l, 2, 3 

and 4 days after injection. Radioactivities in由etissues all decreased with time (Fig. 1 ), 

however, the tissue-to・bloodradioactivity ratios were the same level with time except for the 

liver, spleen and kidney (Fig. 2）.’The tissue-to・bloodradioactivity ratios of血cliver, spleen 

and kidney increased with time (Fig. 2). 

Time course oρぉsuedistribution of labeled anti-GD3 mAb初 thenude mice bearing HMV-/l 

xenografts 

百ieresults of the tissue distribution study of the labeled mAb are shown in Fig. 3. 

百tedistribution ratio of the radioactivity declined with time in all tissues except for HMV-11 

and liver. 百ietissue-to-blood ratio is shown in Fig. 4. In the HMV-11, liver, spleen and 

kidney, the tissue-to-blood ratio increased with tim久 however,no changes were observed in 

any of other tissues on 3, 4 and 5 days a負.ermAbi吋ection.

Autoradiography 

官ieaccumulation of出eanti・GD3mAb wぉ observedin nude mice bearing both 

HMV-1 and HMV-11 human melanoma 4 days after mAb administration. Fig. 5 shows the 

whole body auめradiogram.In the melanoma, a nonuniform uptake was observed, however, 

白caccumulation was uniform泊 theother normal tissues.百ieradioactivity ratios of白60由er

tissues to liver泊 HMV-1bearing mice訂eshown in Table 1. In the HMV-1, the mean 

mel釦 omato liver ratio wぉ 1.1and the maximum was 3. 9.百iem伺 nmelanoma to liver ratio 

wぉ 7.9, and the maximum distn ution ratio to liver wぉ morethan 10泊 theHMV-11σhllle 

1). 
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Tissue distribunon of labeled murin standard IgM antibody初 thenude mice bear初gHMV-/1 

xenografts 

百ietissue-to-blood distribution ratios of labeled murine standard IgM and anti・GD3

Ab in HMV-11 bearing nude mice 4 days after antibody 泊~ection are represented in Fig. 6. No 

specific accumulation in the murine standara lgM wぉ observedin HMV-11 compared to the 

anti-GD3 mAb distribution ratio. 

Distribution ratio of Ab初HMY-1and MELJ 88 human melanoma 

官ietissue-to-blood distribution ratios of anti-GD3 mAb in HMY-1 and l¥.1EL188 

bearing nude mice 4 days after mAb injection are represented in Fig. 7.官iemean distribution 

ratio of mAb in HMY・lwぉ sameas in the blood, however, specific accumulation of mAb 

was also seen in the MEL188 tissue. 

Discussion 

百1etissue distribution of mAb is of significant importance in order to develop the 

mAb for delivering radionuclei or anti tumaor 命ugs め objective tumors. 百ie

immunoscintigraphy and/or immunotherapy of tumors would depend on the ratio of specific 

radioactivity delivered to tumors versus normal tissu凶．百1emurine monoclonal anti-GD3 

mAb was investigated for its biodistribution in the normal mice and nude mice bearing some 

human melanoma xenografts in this study. 

In the HMV-11 s制dy，出eaccumulation of labeled mAb seemed to occur 3 days after 

injection. Since no spec泊caccumulation was seen in standard murine lgM in HMV-11 

bearing nude mice, the accumulation of antibody in HMV-11 was spec江icfor anti-GD3 mAb. 

Because the concentration of血eradioactivity in the blood was higher than that of HMV-11, it 

wぉ notsuitable for immunoscintigraphy till 3 days after administration. Compared to all 

other tissues, the highest accumulation of mAb in HMV-11 wぉ observedon 4 and 5 days 

after i吋ection. 百1etissue accumulation dose wぉ higheron 4 days after mAb injection 

compared to the tissue accumulation ratio on 5 days after mAb i吋ection. 百1erefore,it was 

suitable for the immunodetection of melanoma in this IgM subclぉsmurine anti-G 03 mAb on 

4 days after injection. An ・. autoradiography and tissue distribution study was pぽformed4 

days after mAb administration. At白epoint of由emean distribution ratio, the HMV-1 and 

HMY・1human melanoma seems not to be detectable with this mAb, but ぉ shownin the 

autoradiograms and Table 1, nonuniform accumulation泊 themelanoma tissues were seen, 

however, the accumulation wぉ uniformin other normal tissues. This suggested白at由c

highest accumulating regions in the melanoma tissue wぽc detectable with 

immunoscintigraphy. These results indicated th剖 themelanoma region was detectable 

despite their shape and volume were not exactly detectable. The nonuniform accumulation in 

the melanoma was based on the capillaries in血etumor tissue and affinity of antibody and cell 
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surface antigen. For example, a high affinity antibody is difficult to separate 合omthe antigen 

near the capill訂y組 ddi伍1seinto inner region of the tumor tissues. 

百ieaccumulation ratio of this mAb wぉ approxim剖ely1 % of the injected dose per 

gram wet tissue 4 days after injection. A lager accumulation ratio was reported when us泊g

the IgG subclass Ab6・7). A higher accumulation was nee岱 saryfor immunotherapeutics. 百ie

mAb used in this study wぉ也elgM subclass, because of its high molecular weight, it is 

difficult for it to pass through the capillaries in the melanoma tissues. It is necess訂yto study 

the biodistribution of Fab or F(ab') obtained from enzyme digestion in the melanoma-bearing 

nude mice and other radiolabeling methods1・8-11). 
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Table 1. Ratio of tissue radioactivity intensity co時出吋 toliver in HMV-1組 dHMV-II bearing miαin 
autoradio伊 msσig.5). 

Melanoma 

HMV-1 

HMV-11 

Radioactivity intensity ratio to liver 

Mean (whole): 1.1, Most accumulated region: 3.9 

Blood: 0.93, Lung: 0.64, Spleen: 0.59, Kidney: 0.59 

Mean (whole): 7.9, Most accumulated region:> 10 
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III. 3. Mechanism of Mastoparan-induced Histamine Release 
1 from RBL-2H3 Cells 

MizunoK., Na初hataN.,and Ohizumi Y. 

De par加ientof Phannaceutical Molecular Biology, Facul，砂ofPham闘ceuticalSciences, 

Tohoku University 

Introduction 

Mぉtoparanis a te甘adecapeptidepurified from wぉpvenom1¥ actingぉ as甘ong

secretago思ie泊 r剖 peritonealmast cells2・3＞.百iemastoparan-induced histamine releお C企om

r剖peritonealmast cells is inhibited by per知ssistoxin (P1)3>, showing the involvement of PT-

sensitive G proteins. Mastoparan hぉ beenshown to activate several purified G proteins 

including Gi, which is a substrate of Pr-6＞.αi the other hand, masぬp訂m stimulates 

phosphoinositide hydrolysis and elevates cytosolic Ca2+ concentration in polymorphonucle訂

leukocyt岱 1>,which is also inhibited by PT. 百ms,it is assumed that mastop訂 an-induced

exocytosis may be triggered by the activation of PT-sensitive G proteins. 

Rat m錨 tcells can be divided into two phenotypes, mucosal type and tissue 

connective type8>. Rat peritoneal mast cells紅C knownぉ aconnective tissue type. Rat 

bぉophilicleukemia, RBL-2H3 cells訂eknownぉ amodel for mucosal mast cells, which 

have been used for the study of出edegranulation process induced by αoss-linking of the 

high affinity lgE receptor9＞.百iisprocess involves activation of the Src family protein 

tyros泊ekinase10>, activation of phosphoinositide-specific phospholipase C leading to 

phosphoinositide hydrolysis11>, subsequent elevation of intracellular calcium concentration12>, 

釦 dactivation of protein kinase C13>. Besides the above biochemical events, recent evidence 

sugges白白atphospholipぉeD (PLD) also plays an important role in lgE-dependent 

degranulation from RBL・2H3cells13・14>. 

Previously, we reported白瓜 mastop訂組 stimulatedPLD activity in 1321Nl human 

as甘ocytomacells and several cell lin岱 includingRBL・2H3cells15>. In the present study, we 

examined the e旺ectof mastoparan on histamine release in RBL・2H3cells. 

Mterials and Methods 

Materials. 問ni甘ophenylatedbovine serum albumin (DNP9-BSA) wぉ producedin the 

manner described泊血eprevious paper16>. Phosphatidylbutanol (PBut) was produced from 
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soybe組 phosphatidylcholineusing crude cabbage PLD by the method of Yang et aI.17>. 

Other chemicals or drugs were of reagent grade or highest quality available. 

Cell culture. RBレ2H3cells wぽcgrown in Eagle’s minimal essential medium with 10% 

heat-inactivated fe凶 bovinesぽumat 37。C in組副mosphereof 5% C02 in air. For 

experiments, the cells were seeded at a densiザof105 cells/well in a 12・wellculture pla飴 組d

W釘eused 1-2 days after seeding. In the study of immunological stimuli, the cells W釘 C

previously sensitized by incub剖ingwith 0.5 μg/ml anti-DNP lgE for 2 h. 

Analytical methods of biological activities.百ieamount of histamine in the supernatant 

W路 determinedby the fluorometricぉsay18>.PLD activity was monitored by measuring PBut 

as previously desαibed15>. Phosphoinositide breakdown wぉ moniめredby measuring 

[3H]inositol phosph蹴（IPs）ぉ previouslydescribed19>. ADP-ribosylation was performedぉ

previously descnbed20>. LDH activiザW錨 measuredby a commercial kit (Kyokuto, Tokyo, 

Japan). 

Data analysis. 百ieresults obtained in separate experimen胞 Wぽcexpressed as me飢±

S. E. and a significant di庄erencewas determined with using a unpaired two-tailed Student’s t-

test. 

Results 

陥 stop紅 組 （30μ附causeda time-dependent histamine release within 15 min and a 4 

fold increぉein histamine release was observed 30 min after its stimulation (Fig. la). 

Mastoparan-induced histamine release was concen甘組on-dependentwith the maximal 

effective concentration of 20・30μM (Fig. lb). As shown in Fig. le, the histamine rele路 C

induced by 30 μM mぉtopar釦 wasnot inhibited by pretreatment of the cells with PT (200 

ng/ml for 18 h). RBL-2H3 cells had a small amount of ADP-nbosylation substrates for PT, 

and the substrates were completely ADP-ribosylated by pretreatment of the cells with PT (data 

not shown). 

In sensitized RBL-2H3 cells, DNP9・BSA(0.1・100μg/ml), an antigen, accumulated 

IPs in a concentration-dependent manner (Fig. 2の.However, mastoparan by itself did not 

accumulate IPs and showed a tendency to suppress the DNP9・BSA-inducedIPs accumulation 

inRBL・2H3cells (Fig. 2b). 

Mastoparan-induced histamine release from RBL-2H3 cells was inhibited by 

neomycin in a concentration-dependent mannerσig. 3の．地stoparancaused [3H]PBut 

accumulation in the cells, reflecting from its activation of PLD. 百ie[3H]PBut accumulation 

was i出 bitedby neomycin (Fig. 3b). 

However, mastoparan caused LDH release from the cells泊 asimilar concentration 

range to加 histaminerelease (data not shown）.’Ibis LOH release was inhibited by neomycin 

as same as the his蜘 i即時蹴orPLD activation by masぬparanσable1). 
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Discussion 

百1epresent study demons甘ated血atmぉtoparancaused histamine release from RBI.r 

2H3 cells. 百lisreleぉewas not inhibited by PT, indicat:泊gthat mぉtoparaninduced 

exocytosis not mediated via PT-sensitive G prote泊S泊 RBL・2H3cells. It has been reported 

血atmucosal mぉtcell lacks responsiveness to polycationic agen也， which stimulate 

degranula“on f旨om血eperitoneal mast cell through the activa姐onof Pτ司－s白1sitiveG 

proteins叩

for PT. These observations suggest the existence of his加凶ne-releぉ泊gmechanism which 

does not involve PT-sensitive G proteins in RBL-2H3 cells. It has been shown that the 

secretory response stimulated by mastoparan is not inhibited by PT in other cells22・23)_

Neomycin inhibited the histamine release as well as血cPLD activation induced by 

mastoparan. It is well known that neomycin is able to inhibit phosphoinositide-specific 

phospholipぉeC besides PLD24). However, mぉtoparan by itself did not induce 

phosphoinositide hydrolysis iin RBL-2H3 cells, suggesting由atphospholipase C does not 

con甘ibuteto the histamine release by mastoparan in the cells. It is reported白剖 PLDis 

activated upon cross-bridging of IgE receptors on surface of RBレ2H3cells and th剖 thismay 

be a pivotal step in the signal transduction C箇 cadeleading to histamine release14＞.α1e of 

interpretations may be that neomycin inhibits mastoparan-induced histamine release through 

the inhibition of PLD in RBL-2H3 cells. However, mastoparan caused considerable leakage 

of LDH, indicating由atmぉtop訂anenhanced the membrane permeability. Accordingly, the 

mぉtoaran-inducedhistamine releぉemay be in part due to enhancement of membrane 

permeability. 

Neomycin is known to bind s佐onglyand selectively to phosphoinositides25＞.百1凶，

neomycin may interfere with the interaction between mastoparan and phosphoinositides, 

res叫tingin inhibition of hist~ine release by mastoparan from RBL・2H3cells. 
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Table 1. E庄町tof neomycin on mastoparan-induαd LDH release 

LOH Release(%) 
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2.1 ± 0.25 3.0 ± 0.46 

Mastoparan 36.4 ± 1.79 6.4 ± 0.25キ＊

RBL-2H3 cells were incubated with 30 μM m節句p訂組副37・cfor 20 min in由ep陀鎚neeor absence of 5 mM  
neomycin. Then, the medium w錨 collected,and the content of LDH W笛 measuredby using a commetcial kit. 

Data rep陀sent由emean± S.E. of由民eindependent experiments. Statistical significance from the ∞胞司>0nding

value in neomycinモ）： **P<0.01 (unpaired two-tailed S加dent’st-test)
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Fig. 1. E旺巴ctof mastoparan on histamine release in RBL-2H3 cells. 

(a) The cells were incubated with （・）or without （口） 30 μM mastoparan at 37℃ for the indicated time, (b) 
incubated with the indicated co配巴ntrationsof mastoparan at 37℃ for 20 min, or （のcellswere preincubated with 

200 ng/ml PT for 18 h組 dthen were incubated with vehicle (open column) or 30 μM mastoparan伊liedcolumn) 

for a岨tional20 min. Then, the medium was collected, and the content of histamine was measur吋 by

fluorometric assay. Data represent the mean ± S .E. of three independent巴xperiments.
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Fig. 2. Effects of antigen and mastoparan on [3H]IPs accumulation in RBL-2H3 cells. 

間し2H3cells prelabeled with [3H]myo-inositol were sensitized with anti心NPIgE (0.5 μg/mり・ Then,the cells 

were incubated with the indicated concentrations of DNP9-BSA at 37℃ for 10 min in the presence of 10 mM  LiCI 

(a), or inα1bated with the indicated concentrations of mastopar組組d10 mM  LiCI, supplemented with （圃） or 

without （口） 10 μg/ml DNP9-BSA (b）・ Afterthe reaction was terminated, total IPs were separated by AG lX-
8. Data represent the mean ± S .E. of three independent experiments. 
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Fig. 3. E庄町tof neomycin on histamine release and PLD activity induced by mastoparan in RBL-2H3 cells. 

(a）間以H3cells were incub蹴 dwith the indi印刷conce凶 ationsof 11巴omycinat37・Cfor 20 min, supplemen凶

with （・）orwithout （口）30 μM mastoparan. Then, the medium was collected，岨d山econtent of histamine was 

measured by fluorometric assay. (b) RBL-2H3 cells prelabeled with [3H]palmitic acids were p陀incubatedwith 

0.2% butanol in the p陀 senceor absence of 5 mM  neomycin at 37 C for 10 min, and incubated for additional 10 

min after a細川 ofvehicle (open column) or 30 μM mastoparan (filled column). After the reaction was 

terminat叫［3珂PButwas determined. Data represent the m回 且 ± S.E. of three independent experiments. 

Statisti叫 signifi叩 ∞伽m the corresponding value of neomycin （う：村p<0.01(unpaired two-tailed Student’s 

t-test) 
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IV. 1. Compton Scattering Correction in 3D・PETStudy 
Based on the Unfolding Method 

Shidahari M., Na初muraT., Narita Y. *, 
MiyakeM., W匂tanuki.S., Fuji”1ara T., and Itoh M. 

Introduction 

Cyclot1’on and Radioisotope Center, Tohoku University 
Chiba Cancer Center * 

Nowadays, an advanced 3D-PET (3 dimensional data acquisition PEηwithout Pb 

septa shielding hぉ becomein increasing use due to its higher efficiency, but has not been 

accomplished to give qu組 titativeimages in good accuracy because of poor resolution caused 

by global distribution of Compton scatt釘ingwithin a field of view (FOV). 

百四reare several techniques to coπect the contribution of Compton scatter with 

unique assumptions, e.g., convolution subtraction method1) and dual energy window 

method2). Another method evaluates the scatter distribution by using the Monte Carlo 

simulated response function3・4). 

Weare now佐ymgto make a new Compton scattering correction method bぉedon the 

unfolding technique using the SAND2 code5）.百1eunfolding method requires the response 

function and we used the EGS4 Monte Carlo code6) for calculation of response function of a 

cylindrical w剖erphantom. We are further planning to use血cEGS4 simulation code to 

calcurate the response function for the complic剖.edgeome甘y.百iistechnique hぉ twomeri句

in scatter correction. First, the SAND-2 unfolding code, which we used, hぉ agreat 

advantage that the calculated results do not give the non-physical negative values.’The second 

is the point th剖 thismethod can be applied to various configuration of the actual PET 

systems. Here, we applied this unfolding method to a cylindrical water phantom tlled with 

an uniform distribution of 18F and investigated the effectiveness of出cSAND-2 unfolding 

code using the simulated response釦nction.

Material and Method 

Unfolding c:alαdat肌
百ieCompton scattering correction method using the unfolding technique was applied 

b 卸 SEτ2400WPET scanner based on血ree-dimensinal(volumのdataacquisition 

(S凶na伽 Co.Ltd.), ins凶led剖 Cyclotron組 dRadioisotope Center (CYRIC), Tohoku 

U凶versity. 百ieSEτ2400W 30-PET scanner hぉ 32ring BOO detectors and the data 
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acquisition of coincidence events is done not only within a ring but also between other rings. 

In this 30-PET, relatively high contrゐutionof scatter coincidence over 40% is observed7). 

We aimed to obtain the住民 coincidenceevent, real distribution of radioisotope in白cobject 

from the meru叩 redprojection data, Y, and出eresponse白nction,A, applying the SANIロ
unfolding technique.百iedet3.iled algorithm of the SAND2-code modified for this purpose is 

described in the following. 

百ieme鎚 uredprojection data have the relation 

Y=AX, 、．F
噌
E
A

J
S
E

、

where Y={yt,t=l,M} (e.g.M = 256 bins x 63 slices for 180 angles), 

X＝｛ちj=l,J}(e.g.J = 256 bins x 63 slices for 180 angles), 

A＝｛司：j} ' 

向：j= probability of events stored in theト出 projectedma甘ix仕oma point source 

virtually allocated剖 thej－白 matrixelement, which includes direct(true) and Compton 

scattered photons. 

The unfolding to get the X v~ues from Eq. (1) st制 sfrom the setting of the i凶制guessvalue 

XO・ Forobtaining the faster convergence towards the appropriate results, the X0 value is 

estimated from the measured Y values as 

X。＝Y’＊G, (2) 

where Y' is set to由cmeぉu伐dY values beyond the pre-determined threshold value of S% 

to Y, in order to avoid the noise data, * means the convolution integration and G means出c

Gaussian function for smoothing. 

百ieiteration calculatjon was continued until出cconvergence limit was satisfied, as 

follows, 

Xt+1=Xt X exp(Cj), σ） 

~ can be given by 

C目字｛O.叩令1】J×x;＋仰 ..K;)}xlog（ま）写4{0.刈トげx；叫

Vt＝~ atj×xr 

(4) 

σ） 

where U tis the m-th value folded from xjm which we estimated. As exp(C炉1in恥 ideal

condition, the iteration was repeated until the convergence Ii凶 t,(1・exp(Ci)),becomes close 

to 1 within the pre-determined iteration numbers. In addition to白eSAND2-code, 2 
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dimensional Gaussian filter to X values (FWHM=0.38cm) is introduced in between each 

iteration. In血isprocess, each pixel in the p1吋ection,X, is multiplied by Gaussian tlter. 

Although the unfolding calculation, the problem白瓜 noiselevel enhanced with increasing 

iteration number is pointed out, this filtering method in iteration process enables us to avoid 

this problem. The computing time was about 3h. for the matrix of [32binsx63slices for 180 

組 gles]using the Workstation, SUN Ultra2(CPU300MHz). 

Re宅ponsecalculation 

百1eresponse functions used for the this modified SAND-2 code were calculated by 

Monte Carlo simulation based on EGS4 code. In order to investigate the effectiveness of this 

method, we selected the simple configuration, a water-tlled cylindrical phantom of 20cm 

diam. by 20cm length in which a point iso甘opicgamma ray source of 511 ke V energy is 

located. 百1eprojections for the point source configurations, in which a point source was 

positioned at x=O, 4 and 8cm for m血eacial cent釘 andy=z:Ocm （白gurel),wぽecalculated 

with EGS4 code with 6×109 histories for each source positions. Using three projection data 

sets, the response function, A, per one photon emitted from a source at any position in a 

phantom wぉ obtainedby interpolation and normalization to the history number. 百ie

accuracy of thus-interpolated response function was investigated by comparing the simulated 

total (true+sc剖ter)coincidence even岱釦d血epro due句 ofthe response, A, and the. simulated 

true coincidence even匂．

Experimental approach 

百lisunfolding method wぉ appliedto the scatter correction of the experimental data 

of a simple con白guration.

百四 projectiondata for water tlled cylindrical phantom containing 18F uniform distribution 

were measured by SET-2400W scanner with 30-mode. 百四 intensityof 18F source wぉ

144mCi (5.33xl06Bq) at the starting time of the scan and the scan duration was Shours. In 

the present performance test of this unfolding scatter correction technique, the projection data 

set of q=O, corresponding to a conventional 2D data acquisition, was extracted from the full 

3ひprojectiondata, then applied for scatter correction.百ierandom coincidence events were 

removed in this pr吋ectionby automatically subtracted by scanner to save the memory 

capacity. 百1eprojection data which were given in the matrix of 256 bins x 63slices 

x 175views were rebinned into 32 bins x 63 slices x 175 views. 

Results and Discussion 

Simulated response functions 

Figure 1 shows three simulated point spread functions at 0, 4 and 8 cm apart from a 

central axis in cylindrical water phantom consisting of 32bin×63slice ma甘ix. It is observed 

白瓜thescatter componen匂泊出eprojections spread over ouぉidethe FieldαView (FOV). 
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’The simulated projection data have di妊erentshapes in the Compton-scattered凶Lespecially 

near the edge of cylinder at three different source positions. 百E岱 C PSF data were 

interpolated to get the response function at arbitrary position in the phantom for unfolding 

calculation. ’The suitability of血us-obtainedresponse function results in Fig. 2 without 

attenuation correction.τbis graph comp訂esthe simulated to凶 coincidenceevents wi白血c

product of血eresponse function and the simulated true coincidence events. As shown figure 

2, the true coincidence component is much lower than the total coincidence component, 

which means the scat旬rcomponent is dominant in this cぉe.Within the objectヲ theaverage 

values of these two quanties agree within 3.29る. Even under this poor circumstance which 

hぉ predomin釦 tscatter events, a good agreement between these two quantities C釦 beseen in 

出ccen甘alpart where the true coincidence even匂 exist,which indicates出剖 theresponse 

function hぉ enoughgood accuracy. While on the other hand, the big discrepancy between 

these two quantities C組 beseen outside the object. To improve出is,we must simulate much 

more sampling points and add z-axial dependence on the response function. 

Projection analysis 

百1eunfolding calculation wぉ donefor the measured projection of a cylindrical water 

phantom with 18F uniform source using the response function described above. 百1e

convergence 1加itwas set to be (1・exp(C))<0.01, the iteration number was five and the 

threshold value to get initial value was fixed to be 30% of the maximum value of Y1. Fig. 3 

shows a comp訂isonof profil岱 betweenunfolded and measured projection data. These 

profiles are given without the attenuation correction in a phantom. It is clearly seen that白e

unfolded pro Ile result hぉ noscatter component outside of血cobject and has a similar shape 

as the甘uecomponent inFig. 2. In Fig. 3, the projection of the true component in血c

unfolded data has a small dip in出ccenter of cyl泊derdue to the photon attenuation, but the 

meぉuredprojection data hぉnodip due to contribution of scattered events. Figure 4 shows 

the unfolded and meぉuredprojections having the matrices of 32bins x 63slices. 

Conclusion 

In this study, we investigated the possibility to apply the SAND2 unfolding method 

on出eSC剖tercorrection in 3 dimensional PET. Since the process of attenuation co汀ection

and image reconstruction causes some errors, here in this study this 印刷ercorrection method 

wぉ appliedonly for the pr吋ectiondata. 百1eapplication of血ismethodぬ thecylindrical 

water phantom with 18F uniform source revealed th剖 thescattering correction works well. 

百iereis still however left some problem in白eresponse function estimation. We訂e

planning ti further investigate the effectiveness of this me出odto a cylindrical phantom which 

contains a cold spot. 
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IV. 2. Application of An Artificial Neural Network to Generation 
of Parametric Images in A [11C]Doxepin-PET Study 
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Introduction 
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Estimation of白eparameters desαゐiogthe tracer kinetics by means of positron 

emission tomography (PEηand a radiol泡andcan provide a qu釦 titativeinformation of the 

neurotransmission加 humanbrain1>. In an analysis on a voxel・by-voxelbasis for genera伽g

images of the kinetic parameters from PET data, fitting procedure using a compru官nent

model, which is widely utilized to obtain respective p紅白neters2・3>,is unlikely to be practical, 

since it requires repeated iterations and thus much time. 

An凶 ficialneural network (ANN) yields a very 加 tcalculation of the output 

parruneters with only a single pass, once trained adequately. Accordingly it is expected to be 

of great use in construction of the p訂 ame凶cimages. To date，血eANN has been applied to 

the parruneter estimation for cerebral glucose metabolism in PET studies4・5>. 

百ieprimary goal of this study is to apply the ANN and a comp訂組問ntmodel using 

reference tissue data to generation of p訂創netricimages for the tracer delivery and binding to 

the central histamine H1 receptors血 aPET measurement with (11C]doxepin, a selective 

radioligand for histamine H1 receptors. 

Subjects and methods 

The normal volunteers studied here w釘edivided into two groups, group 1 (8 mal岱，

aged 28. 9 ± 14.1 years (mean ± SD) ) and group 2 (1 male and 1 female, aged 25 and 65 

years, respectively). 

A dynamic PET scan was pぽformedwith ECAT PT931ρ4・12(CTI Inc, Knoxville, 

TN, USA) or SET-2400W (Sh加a伽 Inc, Japan) positron emission tomograph. 

[11C]doxepin wぉ prepared錨 descnbedpreviously6>, and injected intravenously, followed by 

釦 acquisitionof emission data for 80凶n. A region of interest (ROI) was placed on the 

cerebellum in PET加 ages,and a cerebellar t加e-activiザcurveσ'AC)wぉ ob凶nedas data泊

the reference tissue. 
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A three-layer neural network constructed with a 44-node input layer, a 25・nodehidden 

layer and a 3・nodeoutput layer wぉ employedfor estimating the凶 eticparameters (Fig. 1 ). 

百1enetwork was trained by a back-propagation algorithm7) using a set of input-output 

samples, which was generated with a two-tissue compartment model. This model requires a 

TAC in the reference tissue an1d a stand訂dplぉmaTAC, and enables generation of a TAC in 

血especific region from assigned values of R。（arelative value of the回 .cerdelivery between 

plasma組 d出sue），~ and k4 (rate constan隠 ofthe tracer for association wi出anddissociation 

from the receptors, respectively). Here the binding potential of出c甘acぽ forthe receptors is 

calculated as k3/k4・

Two sets of input-output samples, i. e. group 1 and group 2 samples were generated, 

and the group 1 s担npleswere used in the training of the network. To assess results of the 

training, values of R0, ~＇ k4 and BP estimated by血eANN were compared with恥 assigned

values, using the group 1 samples. In addition, estimated and ass抱nedvalues of the kinetic 

p訂ameterswere compared in a use of the group 2 s担nples，泊 orderto evaluate the ability of 

the ANN for generalization. 

Parametric images of R0, k3, k4 and BP were constructed by applying肘 ANNto a 

voxel・by-voxelanalysis of the dyn釘凶cPET images in each subject. 

Results 

Pio脂 of批 R0,~＇ k4 and BP values estimated by the ANN （仕組edwith 3, 000 cycle 

and 2, 500 samples) versus血cass抱nedvalues for the group 1 ( ＝仕組泊θsamplesare 

shown in Figs. 2A through 20, respectively. A good agreement between the estimated and 

assigned values was observed for any of the kinetic parameters, indicating th剖 errorsin 

Comparisons between the est加 atedandぉsignedvalues of the kinetic p訂ametersfor 

白egroup 2 ( = non-tr組曲g)s細 plesare exhibited in Figs. 3A through 30. Here the plots are 

for the data of 1 male subject, and the disαepancy between the estimated andぉsignedvalues 

was found to be small. Similar results were also obtained for the data of 1 female subject 

(data not shown）.’These findings suggest血atthe ANN can be generalized for an analysis of 

the data that are not used in the training. 

Parame町icimages of the R。， k3,k4 and BP for 1 subject in group 1 (aged 25 years) 

generated by the ANN are shown in Fig. 4.百1etime for genera白1g63 slices of parametric 

images by the ANN釦 da works凶 onσ甘 AN2,Kubota Computer Inc, Japan) was 

approximately 2 minutes, which is comparable to the calculation time using a graphical 

analysis. 

Discussion 

百1epresent study demonstrat郎 thatthe ANN with only one hidden layer is capable of 

learning the model function for the radioligand kinetics.百tisanalytical system enables a fast 

construction of the parametric images合omnoisy TAC data in voxels. However, the accuracy 
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of the p紅白neterestimation for noisy data may be further improved by training the ANN with 

‘noisy’T ACs, which are created mathematically and are added random noises. 

Although several assessmen句 willbe required, the ANN is likely to be feasible for 

constructing parame甘icimages in PET studies with various types of radioligands. 百ie

S抱.bilityand ability for general包ationindicated by the results in由isstudy will be advantages 

in utilizing the ANN as an analytical tool. 
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INTRODUCTION 

With cancer chemotherapy, it is important to choose the most c旺ective

chemotherapeutic agents for individual patien匂．’Therehave been several attempts to develop 

in vitro1・6> and泊vivo7・8)systems that would predict由eresponse of a知morin an individual 

patient to a particular chemotherapeutic agent, but the results have been far from satisfactory. 

In clinical practice，血cchemo由erapistchooses chemotherapeutic agents on the bぉisof his 

experience, and by monitoring mo中hologicalchanges of tumors by physical examination, X-

ray studies, endoscopy, CT, US or MRI, in a contmuous decision making process. 

［吋＇］Fluorodeoxyglucose(FDG) PET should also be suitable for follow up after 

C組 cer仕伺.tment,since its uptake relates to the number of viable tumor cells9>. 百teresponse 

of tumors to chemotherapy might therefore be recordable earlier and more exactly in terms of 

FOO uptake than from morphological changes. Several clinical studies using FDG have been 

performed to evaluate therapeutic response in malignant知mors10・11>and there have also been 

repo市 ofexperimental studies concerned with the relationship between treatment efficacy and 

FOO uptake18・19>. However, detailed experimental in vivo studies on the correlation between 

morphologic alterations and FOO uptake泊 tumorscaused by chemotherapy have been 

lacking. 

In this study, we therefore compared the relationship between tumor volume and FOO 

uptake after chemotherapy using human cancer xenografts. 

MATERIALS AND METHODS 

百四 SC・6・JCKused in血isstudy is a poorly di妊erentiatedhuman gastric 

adenocarcinoma cell line. Tumor tissue fragments, approxim剖ely2 mm2 in size, were 

inoculated into the subcutaneous tissue of the back of inbred 5・week-oldmale BALB/c nu/nu 

mice maintained under p剖hogen-freeconditions. Tumors inoculated into the subcutaneous 

tissue of the bac~宅 ofnude mice were measured (Ieng白andwidth) wi白slidingcalipers every 

day by恥 sameperson. Utilizing the method of Geran et aI20>., the tumor volume (V) in mm3 

was calculated from恥 linearmeasuremen句 usingthe formula: tumor volume (mm3) = length 
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(mm) (wid由 x(mm) 2/2. 伽 the16血 dayafter inoculation, tumor-bearing凶ceWぽC

randomized into four test groups (lVIMC, CDDP, ADR and control), and Mf¥1C (6 mg/Kg) 

and CDDP (8 mg/Kg) were administered once intraperitoneally and ADR (8 mg/陶 once

intravenously for its poorめsorption白 peritoneum.The relative m側側morvolume (RV) 

was calculated as ViNo, where Vi is the mean tumor volume of a group at any given time and 

Vo is the mean旬morvolume at the initial treatment. Growth curves after甘eatmentwere 

generated from the calculated ~ V. 

Six FOO tissue distribution studies were carried out at 1, 3, 5, 7, 10 and 14 days after 

悦 atment. Each study encompassed four test groups, each consisting of five to seven nude 

凶ce（剛C,CDDP, ADR and control). FDG was dissolved in isotonic saline and 

approximately 20μ Ci/ 0. 2ml was injected intravenously via the lateral tail vein. The mice 

were killed by decapitation 60凶nafter the i吋ectionand the tumors removed and blotted. 

百四知morswere weighed and counted in an automated Nal well counter along with a 

standard sample of the i吋ectedFOO (United Technologies Packard Auto-Gamma 500/800). 

Radioactivity wぉ correctedfor decay and data were expressed as the differential uptake ratio 

(DUR): 

DUR = tissue counts I tissue weight I 

i吋ecteddose counts I body weight 

RESULTS 

百1egrowth curves after甘eatment紅eshown in Figure 1. Reduction of tumor size 

was largest in the MMC administered group, followed by the CDDP case, and出eADR-

treated group demons甘atednb reduction. In the Mf¥1C group，附ctionwぉ evidenton Day 

4, which became significant bn Day 8 (RV=O. 78主0.13)as compared with the initial volume 

(p<0.01). Likewise for the CDDP group, tumor reduction was noted on Day 5 and with 

significance from Day 11 (RV=0.83±0.17) (p<0.01). 

Drug response curv凶 of知moruptake of FOO are shown in Figure 2. FOO知mor

uptake in血cMMC・administeredgroup showed a steady decre路 ethat bee紅nesignificant in 

comparison with the control level on Day 3 (DUR=O. 96主0.27;p<0.05). In the CDDP cas久 a

significant deαease was noted on Day 7 (0. 93主0.21;p<0.05). With both drugs the uptake 

values remained decreased at later time points. FDG知moruptake泊 theADR-administered 

group demonstrated no difference from the control group, but the values wぽehigher for the 

two o由erdrugs from Day' 7 to Day 14. FOO知moruptake in恥 MMCgroup was 

consistently lower白組 th瓜 ofthe CDDP-administered group, but there was no statistically 

significant difference between the two. 
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DISCUSSION 

Abe et al. (18) reported, using experimen凶 murinecancer models, th剖 FOOuptake 

is reduced in radiosensitive but not radioresistant知mors叩 d白atmetabolic changes lead ti 0 

morphologic alterations in radiosensitive知morsaft 

successful甘ea町民ntcauses deer伺 sein FOO uptake in patien包 withhead and neck tumors, 

and similar tendencies were also noted in p剖ientswith other 知mors10·12・•1>_ In血iss加dy,a 

comparison of FOO uptake and tumor size allowed a good co汀elationto be established after 

administration of anticancer drugs with differing efficacy against xenograft grow由．

出atFOO PET might be suitable for monitoring 

Our 

present 

chemotherapy. 

官1etime-response of FDG uptake indicated the possibility of more rapid detection of 

chemotherapeutic potential than with tumor size. 百1iswas the case with both MMC and 

CDDP administration. presumably because cytoめxiceffects of 

anticancer agents cause metabolic arrest of cancer cells, as reflected by FOO uptake, before 

組 dreduction in知morsize can occur. 百1elatter is also complicated by 

inflammatory chang岱 andfibrosis. 割問 observationsin our study suggest that FOO PET 

知morimaging might allow the effectiveness of chemotherapy for an individual patient to be 

decided earlier than with conventional morphological methods. 

This is the first study on血ccorrelation between morphologic alterations and FOO 

up泊kein tumors caused by chemotherapy. Heterogeneity of tumor tissue in terms of FOO 

kinetics is a potential source of problems in interpreting FOO PET images for assessment of 

response to chemotherapy. However, our observations provide evidence that FDG PET 

imaging is indeed useful for follow-up after cancer chemotherapy. 

cancer suggest 白1dings

百tereason for血isis 

necrosis 

百1iswork 
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IV. 4. Functions of Parahippocampal Regions and Frontal Lobes in 
Alternative Judgment of Novelty and Familiarity for Auditorily 

Presented Words 
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Department of Neurology, Miyagi National Ho.そpital,M加が Japan料

Cyclotron and Radioisotope Center, Tohoku University*** 

Introduction 

Functional neuro加agingtechniques have greatly contributed to our understanding of 

memory processes of the human brain in vivo. One of白efascinating problems recently 

evolved is the rel剖ionshipbetween encoding/retrieval processes釦 dnovelザofpresented 

stimuli. Previous studies raised a possibility血剖 principalparticipants of encoding and 

retrieval process岱訂ethe frontal lobes and hippocampal fonnations14), and novelty and 

fru凶 iarity of presented information may influence memory processing of received 

information5'6). In order to further elucidate this issue, we examined brain regionsぉsociated

wi由processingof novelty and fai凶H訂ityfor auditorily presented verbal materials, by using 

positron emission tomography (PET). 

Methods 

Subjects 

Seven healthy young male volunteers participated in the study. All subjects were right 

handed. A written informed consent was obtained from each su句ect.

Task procedures 

Subjects participa胞din two experimental sessions. In the first session, the su旬。cts

heard 30 worお onceevery three seconds and were requested to memorize the words until 

血eycould recall 80 percent of them. No PET scan was performed in this session. In the 

second session performed on the following day, the su均ectsunderwent six PET scan 

meぉuremen也（onefor control協 kand five for experimental凶 ks). Inは perimen凶 tasks,

the subjec也 listenedto 30 words at a rate of one per three seconds and w町erequested to 

judge whether the words were identical to those learned in the rrst session (OLD words) or 

not (NEW words). They wereぉkedto respond to repeat a word for OLD one釦 dto say 
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川o”forNEW one as soon as each word was presented. 百iroughthe five scans of the 

experimental tasks, numbers of OLD and NEW words in each task were systematically 

altered.百1atis, NEW/OLD ratio for the task 1, 2, 3, 4, 5 wぉ setto be 30/0, 22/8, 15/15, 

8/22, 0β0, respectively. In由econtrol task, the subjects heard a list of 30 NEW words one 

per three seconds and were requested to only say”no”for all the words without any judging. 
百1eorder of the six tasks in the session was counterbalanced across the subjects. 

Scanning Methods and Regional Analysis 

Regional cerebral blood flow (rCBF) wぉ measuredusing PET (SET2400W, 

Shimadzu) and 150 labeled w剖ぽ（approx凶 ately35 mCi for each injection）・ Subjecぉhada 

catheter placed in the right brachial vein for甘aceradministration, closed their eyes, and wore 

an individual stereotaxic fixation helmet. Each PET data acquisition started at由etime of 

bolus i吋ectionand the start of each task, and lasted 120 sec. All PET data were reconstructed 

to rCBF images and were transformed into出cstandard anatomical format using the Human 

Brain At加 System7)and each subject’s MRI. After spatial smoothing and normalization of 

global cerebral blood flow8・9), all images were analyzed using the Statistical Parametric 

Mapping (SPM96)10). First, to find out訂easinvolved in novelty and familiarity processes, 

two subtractions were performed, i.e., experimen旬1tぉk1 minus control, and experimental 

task 5 minus control. Second, to further elucidate novelty and familiarity difference, two 

other subtractions were performed, i.e., experimental task 1 minus 5, and experimen凶旬sk5 

minus 1. Finally, novelty and far凶liarityactivations were ag必nestimated using covariation 

analysis which reveals regions ぉsociatedwith correlations between appear泊grate of NEW 

(OLD) words in each task 'and normalized rCBF images瓜 eachvoxel. All statistical 

parameters were甘ansformedto standardized Z-score and thresholded剖 3.09(p=0.001, 

unco汀ected). Each activation wぉ superimposedonto an average reformatted MRI of the 

seven subjects. Finally, anatomical localization of areas of activation was estimated in relation 

to this MRI. 

Results 

Activations associated wi血processingof novel and familiar words are summ訂包：edin 

Table 1 and 2, respectively. 百1eactivationsぉsociatedwith novelty processing included the 

left parahippocampal gyros (subtraction of the control task and the experimen凶凶k5 from 

the凶 k1; see Fig. la) and the right inferior/middle fron凶 gyrus(sub甘actionof白 task5 

from世間凶kl;Fig. lb, correlation analysis related to novelty; Fig. 1の． The activations 

associa凶 wi由 familiarityp~oc岱sing included the right parahippocampal gyrus (subtraction 

of the control task 合omthe' task 5; see Fig. 2a) and the left inferior/middle fron凶 gyrus

(subtraction of the task 1 from the task 5; Fig. 2b, correlation analysis related to fan雌 arity;

Fig. 2c). 
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Discussion 

Previous studies reported that由ehippocampo-parahippocampal areas were associated 

with noveltyぉsessmentprocess5・11>. Studies dealing with encoding of novel verbal 

information also demonstrated the left hippocampo・p紅 ahippocampalgyral activation12・13>. In 

the present s旬dy,the left parahippocampal訂eawas activated during novelty assessment （凶K

1 minus control，協k1 minus 5) but was not activated during famili剖tyassessment （凶kS

minus control, task 5 minus 1 ). According to these data and the previous studies, it is very 

likely白atthe left parahippocampal area is much involved in novelty assessment and episodic 

encoding of auditorily presented words than the right par油ippoc担npalarea. 

Our data showed an involvement of the right p訂 ahippocampal訂ea（旬sk5 minus 

control, task 5 minus 1 ), but not白eleft par油ippocampalarea (task 1 minus control, task 1 

minus 5), in far凶liarityassessment process. ’These data confrrmed our previous results in 

which the right and the left parahippocampal areas were differentially involved with matching 

to sample and non-matching to sample s甘ategiesof verbal recognition process6>. We assume 

that the right par油ippocampalarea is more involved in episodic retrieval and f創nili紅ity

assessment process of verbal materials出anthe left parahippocampal訂ea,while the left 

parahippocampal area is moreぉsociatedwith episodic encoding and noveltyぉsessment

process as discussed above. 

We observed the left inferior fron泊lactiva世onin subtraction of task 1 from 5 and in 

correlation analysis related to f創凶liarityassessment, and the right inferior fron凶 activationin 

subtraction of task 5 from 1 and in correlation analysis related to novelty assessment 官時

laterality of activation was reversed with that of the parahippocampal activation. Some of the 

previous studies suggested that血eleft, but not the right frontal lobe was associated with 

episodic encoding and semantic retrieval1・4>. Our data is clearly inconsistent with th凶 er岱 ults

and interpretation. Since the old words in our experiments were台equentlyrepeated as 

stimuli, it is quite conceivable由atthey were inco中oratedinめ血csemantic word store in the 

left hemisphere. When a familiar word appeared, the decision th剖 itwぉ far凶liarmay have 

been eぉierfor the ipsilateral left企ontallobe to make血組 theright明1einterpretation由atthe 

left fron凶 lobeplays an important role泊 episodicretrieval process may be supported by one 

previous study in which, using similar tasks，社ieleft inferior frontal lobe close to our result 

wぉ activatedby familiarityぉsessmenttas).(5). Also, activation of the left lateral fron凶 pole

was reported when subjects were engaged in episodic retrieval and familiarity assessment14>. 

In the present study activation of the right inferior frontal lobe was demons甘atedin 

relation to novelty assessment of auditorily presented words. There were few studies which 

were compatible with this result in terms of memory process泊gor novelty /famili訂ity

processing. However, activation of the right Brodmann訂ea46 was reported by Bo凶凶組d

o由ers15> with metaphor interpretation. In this飽skSU吋ectswere pr回 entedwith a sentence 

and wぉ askedto decide whethぽ asentence wぉ aplausゐlemetaphor or not. In出isstudy, 
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along with other areas, the right BA 4 7 wぉ activated. 百1isdata suggests that decision 

making about a certain n剖ureof a verbal stimulus might have been a crucial element in 

activating the right inferior frontal region. In the present study the novelty assessment of a 

word was judged by having subjects respond by saying 'no', rather出anby simply neglecting 

the word.百1ismay have required an active process of decision making like Bottini’s study. 

In summary, this study demonstrated p紅 ticipationof the left parahippocampal region 

in novelty assessment to which activity concerning episodic encoding of a verbal stimulus is 

inherently relatedヲ andthe right ・parahippocampal region in familiarityぉsessment,in which 

episodic retrieval processes are greatly involved. Unexpectedly, the right inferior frontal 

region was activated in association with the left p訂油ippocampalactivity, while the left 

inferior frontal lobe was activated in association with the right parahippocampal activity. 

According to由enature of our旬sks,we hypothesized血atthe activations of the left inferior 

frontal lobe was much related to episodic re甘ieval,while those of the right inferior frontal 

lobe was related to decision making process. 
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Table 1. Activa・記dregions related to processing of novel words. 

Regions (Brodmann areas} 

Task 1 minus controll 

Left Middle occipital gyrus (19) 

Fusiform gyrus (3刀20)

Middle temporal gyrus (3η 

Internal capsule 

Cingulate gyrus (23) 

Parahippocampal gyrus (28) 

Right Precuneus （η 

Precentral gyros (6) 

Task 1 minus 5 

Left Parahippocampal gyrus (30) 

Middle occipital gyrus (3η 

Right Inferior fron凶 gyrus(45) 

Talai~h &O~mli出回
x ~ z 

-50 -58 ・14

-34 -40 -20 

-42 ・62 10 

-14 ・2 8 

-6 -26 30 

・16 -8 ・18

4 ・52 58 

42 8 8 

-16 -38 -4 

・50 -68 2 

32 24 18 

Correlation analvsis associated with noveltv asses!i>ment 

Right Inferior合ontalgyros ( 45/46) 

Middle frontal gyrus (46) 

30 26 

28 28 

18 

28 

Z-score 

3.88 

3.74 

3.61 

3.55 

3.55 

3.52 

3.51 
3.49 

4.36 

3.54 

4.11 

4.26 

3.46 

Stereotaxic coordinates refer to也emaximal activation恒dicatedby曲ehighest Z-values in a particul紅 白 隠bral

蜘 C卸re.Dist組印sreferto也estereotactic spaαdefined by Talairach組 dToumoux20＞組dareexp：郎edin mm. 

Numbers in parenthesis refer to Brodmann aおお．

Table 2. Activated regions配la記dto processing of familiar words. 

Talair.a~ mQI.dina包S

Regions (Br凶mannareas} x l z Z-score 

Task 5 minus controll 

Left Middle occipital gyrus (19) -44 -60 ・16 3.78 

Right Rectal gyros (11/25) 6 24 ・16 3.74 

Pa凶均pocampalgyrus (28) 10 ・6 ・10 3.68 

Fusiform gyrus (36) 28 ・36 ・14 3.67 

Task 5 minus 1 

Left Inferior台ontalgyros (44) -50 10 20 3.74 

CQmlatiQ日 anal~is assQ~iat呈d ~itb familiaril)! ~~皿皇日t

Left Inferior合on凶 gyrus(44) -48 10 18 3.87 

Inferior frontal gyrus ( 45) -54 16 20 3.5 

Middle occipital gyros (19) -38 ・58 ・8 3.76 

Cingulate gyros (30) ・24 ・52 4 3.36 

Right Precuneus Q!2 12 ・60 16 3.65 

Stereotaxic coordinates詑:ferto也emaximal activation indicated by the highest Z-values in a particul紅 白 毘bral

structure. Other detailes m 也esame錨 theTable 1. 
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F思ire1.’The left parahippocampal and the right fron凶 activationsassociated with novelty processing. SPMs 

arc superimposed onto coronal sαlions of averaged MRI of the subjects. a) The left parahippo四 mpalgyms 

(subtraction of the co山 oltask from the task 1), b) the right inferior frontal gyrus (subtraction of the task 5 from 

th巴task1), c) the right inferior frontal gyrus (coπelation analysis陀latedto novelty of words). 

Figure 2. llle right parabippocampal and the left frontal activations associated with familiarity processing. SPMs 

a児 superimposedonto coronal sections of averaged t¥原 Iof the subjects. a) The right parahippo田 mpalgyms 

(subtraction of the control task from the task 5), b) the left i此 riorfro山 lgyrus (s山 tractionof the task 1 from 

the task 5), c) the left inferior frontal gyrus (coπelation analysis陀latedto familiarity of words). 
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V. 1. Fast Neutron Profiling with Imaging Plate (2) 
-Response of IP with a Converter for Energy and the Converter Thickness-

Sanami T., Saito K., Yamazaki T., Baba M., Ibara Y., Sato人 HirakawaN.
ぬmaderaA.ぺTanigu.chiS. *, and Nakamura T.ぺ

Quantum Science and Energy Engineering, Tohoku Universi砂
Cyclotron Radioisotope Center, Tohoku Universi砂＊

A systematic method of fぉtneu廿onprofiling using an imaging pl瓜ewith a 

polyethylene neutron converter is reported.τbe relation of出cneutron energy and the 

converter血ickn岱 SWぉ investigatedfor the above combination. A fading curve was also 

obtained and proved to be similar to th剖 bya proton beam. From these results, appropriate 

conditions were found for the neu甘onenergy, a converter thickness and cooling time after 

exposure. 

Introduction 

A method of fast neu甘onprofile measurement will be useful in various applications 

of fぉtneutron beam, suchぉ neu甘onradiography for non-destructive inspection and medical 

application. To obtain the spatial profile, a two-dimensional fast neu甘ondetector is 

indispensable. An imaging plate (IP) is an integral type two-dimensional detector which hぉ

very high sensitivity and position resolution for X, y, (3-ray and charged particles1>. In 

addition, successful application of IP containing Li or Gd was reported for thermal neu甘ons

2>. For fぉtneutrons, however, there are few reports of application of IP since it has low 

sensitivity to fast neutrons despite of its high sensitivity toy-rays associated with fast neutron. 

We have developed a method to measure a fぉtneutron profile using IP with a 

polyethylene converter in front of IP (IP-CH2). In this method, the image of fぉtneutrons is 

obtained by detecting reco臼protonsfrom the converter and y-ray contamination can be 

eliminated by taking difference between the measurement with and without the converter3>. 

By this method, we obtained a profile of血e14.1 Me V neutrons collimated by 20cm Cu 

collimator and the spatial profile of 1, 2, 5 and 15 MeV mono-energetic neutrons after passing 

acrylic steps of 1 to 5 cm thick or Fe slabs 3.5 and 5 cm thick. To comp訂ethe results among 

白emeasuremen包 andto improve image qualiザ（SIN),we studied fading property組 dan 

appropriate converter thickness. 
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In this paper, we report白eresponse of IP-CH2 for 1, 2, 5釦 d15 MeV neu甘ons,

the fading curve of IP・CH2for 15Me V neutrons, the relationship between the converter 

thickness and the output (PSL) of IP. 

Response for neutron energy 

官ieIP wぉ irradiatedby neu甘onsobtained with a 4. 5 MV Dynamitron accelerator剖

Fast Neutron Laboratory in Tohoku University. In this facility, we tested the responses of 

IP-CH2 for various neu甘onenergi岱 . Figure 1 shows the experimen凶 setup. Incident 

neutrons of 1, 2, 5 and 15 MeV Wぽcproduced via T(p, n ), D( d, n) and T( d, n) reaction, 

respectively. ’The distance between the target and IP wぉ fixedto 100 cm to obtain parallel 

neutron beam. 百iepolyethylene converter was 0.5 cm thick for all白cmeasurements. 百ie

converter was set on the surface of IP, X-ray type obtained from Fuji Film Co. Ltd. (BAS-

UR), 12.5cmx12.5cm. An NE213 scintillation counter was used to monitor the target 

condition.’The exposure time was about 2 hours with a 4 μA direct beam current for all the 

neu甘onenergy. We scanned IP組 danalyzed PSL distribution about 1 hour after the 

exposure. Scanning was performed by the Bas 3000 system （同iFilm Co. Ltd.) at CYRI C. 

Scann泊gparameters were same for all the scanning, i.e. latitude 4, sensitivity 10000 and 

gradation 4095. Scanned images were analyzed by Scion Image on Windows PC. From the 

image, we took values of Photo Simultaneous Luminescence (PSL) for both regions of IP 

with and without the converter, and deduced the ratio of these two PSL values (SIN) as the 

quality indicator of the image. 

Table 1 summarizes the irradiation conditions and SIN values. Estimated neutron 

flux is calculated bぉedon t~e reference data4). Figure 2 shows the 300x300-pixel image 

around the converter edge in 5 MeV measurement. From these results, it is found血atS川

becomes higher with neu甘onenergy except for 15 Me V. It can be explained in terms of an 

effective thickness that is g0verned by the maximum recoil proton range. 百iecぽective

thickness indicates the effective number of atoms contributing to the n-p conversion. 百ie

r伺 sonof lower SIN value for 15Me Vis血atthe maximum proton range exceeds the converter 

thickness and the H(n,p) cross section is smaller than for 5 MeV. We would get better SIN 

for 15 Me V neutron, if we use a thicker converter. As a conclusion, 5 and 15 Me V neutron 

energies are suitable for the IP-CH2・

Fading property of IP with a polyethylene converter 

百ieexpe白nen凶 setupis S細 eぉ theabove experiment. Imaging Plate (BAS-UR) 

covered with a 2mm thick polye血yleneconverter was exposed to 15 MeV neutrons剖 840

mm from the neutron producing target.百ieexposure time was about 1 hour with 4 μA direct 

beam cu汀entEst加iatedneutron flux on血eIP was 1.5xl07 #/cm2. After白eexpos町e,we 

cut也cIP into nine pieces and scanned each piece in every fifteen minutes.τhe Bas 1000 

scanning system was used since it C組 scanIP with the various sizes. 
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Figure 3 shows the experimental result and its fitting result using following equation; 

P SL = A1 exp( -In 2 ・ t I B1 ) + A2 exp（ーln2・t I B2) 

In this equation, A 1 and A 2 are amplitude facぬrsfor each exponential, B 1 and B 2 are time 

constants of exponential decay and t is time. 百ieresult is B 1 = 24.50組 dB2=2428 m担．

From this result, it is shown the fading curve has two components. After 1 hour, the fading 

curve becomes almost n剖 level,since the first term exponential has rather short decay t加c

constant and the second one has very long.百ierefore,to compare the PSL values among the 

different exposure times, we had better to sc組 theIPs after cooling time of at least 1 hour. 

Recently, a fading curve for tens MeV proton was reported by Nohtomi et al. 5) and shown in 

figure 3.百1eparameters of the curve is B 1 = 15. 5組 dB2=3400 min. ’Their results are 

slightly di百erentfrom ours, but also supports the adoption of 1 hour cooling time. 

Response of converter thickness 

We meぉuredthe PSL value as a function of converter thickness to check the 

response of IP-CH2, and compared with the Monte-Carlo calculation. 

Experiments were carried out for 5 and 15 MeV neutrons.百1estep converter was set 

in front of IP (BAS-UR）血atlocated at 840mm from target.’The converters are 60μm to 300 

凶nthick in 60阿nsteps for SMe V, and, 60凶nto300仰nthick in 60凶nsteps and 100凶nto 

500凶nthick in 100凹nsteps for 15 Me V. 官iethickest converter of each step is almost 

equivalent to the maximum range of reco日protons. Estimated neu甘onflux on the IP is 

3.3xl07 and 1.4×107 for 5 and 15 MeV, respectively. Scanning wぉ carriedout by Bas 3000 

system after 1 hour exposure. Figure 4 shows two-dimensional image obtained by the 15 

MeV experiment. 

To estimate PSL values for converters with different thickness and the neutron 

energy, we developed a program血atcalculates白eenergy deposit加 IPby Monte-Carlo 

method. The program calculates恥 energydeposit under the following assumptions: (1) The 

pro閥均erof IP (BAS-UR) is a 10 μm thick polyethylene-terephthalate, (2）血ee圧倒ve

area of IP is made of BaFBr0.8み15(Ba:33%, F:33%, Br:28%, 1:6% ), (3) y-ray contamination 

is eliminated completely by subtraction, (4) all deposited energy is measured as PSL (ignoring 

批 dep由 effect),(5) amount of PSL is proportional to LET (ignoring the回 Teffect). The 

energy loss data were calculated by出eTRIM code based on the equation of Ziegler. 

Fi忠lf岱 5and 6 show compぽisonbetween experiment and calculation for 5 and 15 

Me V neutrons, r岱 pectively. 百iecalculation is normalized to the experimental data at 

maximum PSL value. 百iecalculations are in fair agreement with the experimental ones in 

both neutron energies. It indicates that the above assumptions are appropriate and the 

dominant componen包 onthe PSL value are the incident number of protons and to凶 energy

deposit in the effective layer of IP. In addition, we can conclude that almost all由ePSL is 

originated by recoil protons. It is preferable to use the converter which is as thick as the 
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maximum proton range, to get better S川 result. However, we have to check the effects of 

converter thickness to spatial r~solution. 

Conclusion 

To obtain fast neutron spatial distribution, we have investigated a method to m回sure

the fぉtneutron profile with IP using a polye血yleneconverter. From the e妊ectof a neu甘on

energy釦 da converter thickne5s, it wぉ foundthat good SIN is achieved using 5or15 MeV 

neutron and the converter whose thickness is equivalent to the maximum proton range. 百ie

response to the different thickness converter was in fair agreement with the Monte-Carlo 

calculation. 
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Table 1 Irradiation neutron flux組 doutput values of IP in various energies. Distance企omtarget to IP is lOOcm 

組 dconverter thickness is 0.5 mm 

En Neutron Flux With converter Without converter SIN 
MeV #/cm2 PSL/ ixel PSL/ ixel without/with 
1 2.58E+06 0.67 0.64 1.05 
2 4.99E+06 1.73 1.49 1.16 
5 2.94E+07 2.50 0.75 3.57 
15 1.83E+07 3.03 1.73 1.75 
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Neutron Production 
Target 
T(p.n) for 1, 2 MeV 
D(d,n) for 5MeV 
T(d.n) for 15MeV 

Imaging Plate 
BAS-UR 5"x 5" 
at 100cm 
from target 

Fig. 1. Experimental setup for exposure IP. 
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500μ m 
Converter Step 
0 (le代）to 
2500 (right)μ m 

Converter Off 

Fig. 4. Two-dimensional image of 15 MeV measurement for converter steps. 
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V. 2. Application of Self-TOF high Energy Neutron Detector for 
Neutron Scattering Cross Section Measurements 

SasaldM., NakaoM., Nakamura T., NakaoN. *,and Shibata T. * 

Cyclotron and Radioisotope Center, Tohoku University 
High Energy Accelerator R白 ・earch 合-ganization*Tokyo 188, Japan 

Introduction 

A self-TOP which measures the neu位on-inducedproton time of flight (TOP) has 

been developed1・2> for high energy neutron spectrome甘y 百tisdetector is composed of a 

VETO counter for elimination of charged particles, START and STOP detectors for 

meru弓urementof recoiled proton energy by the TOP method.百1eVETO counter is a 150 mm 

×150 mm x 5 mm-thick，首1eST ART detector is a 80 mm di創n.x 0.5 mm-thick and the 

STOP detector is a 200 mm x 200 mm× 20 mm-thick NE102A pl錨 ticSC加tillator. 百ie

performance of this detector was tested under a quasi-monoenergetic p-Ll neu甘onfield at 

CYRIC3> (Cyclotron and Radioisotope Center，’f ohoku U niversiザ）．百tisdetector is planned 

to be applied for measurements of neutron scattering cross section. 

Experiment 

百ieexperimental setup剖 CYRICis shown in Fig. 1.官ieproton beams accelerated 

up to 35 Me V by a cyclotron were仕組sportedto the scattering chamber through a be創n

swinger泊由eNo. 5 target room. A proton beam was focused onto a 2 mm thick natural Ll 

target which has about 2 Me V loss of incident proton energy.百ieproton beam was inclined 

at 10° to the horizontal line with a beam swinger in order to shield neu甘onsproduced from a 

Faraday cup. ’The neutrons emerging from the Li target at 10° were甘ansported down to. the 

TOP extension room. 

百ieVETO counter wぉ usedto discriminate the neutrons and charged particles 

incident to the radiator, since neu仕onsdo not scintillate the VETO counter.’The radiator was 

put between the VETO counter and the START detector and the recoiled protons合omthe 

radiator due to恥 H(n,p)elastic sc蜘 ringreaction were measured between the START and 

白eSJ'OP detectors by the TOP method. ’The proton energy EP is ob凶nedfrom the proton 

flight time and the neu甘on佃町UEn is then determined by En= EP I cos28 where .8 is the 

scattering angle. 
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In theは periment,three types of radiators, polyethylene (POLY), graphite (G附

and nothing (BLANK), were used to subtract the contribution of protons produced from 

carbon in the polyethylene radiator and from other detectors. 

Data analysis 

’The pulse height distributions of scintillation light outpu包 fromthe VETO, START 

and STOP detectors were stored with integrating-type ADC(LeCroy 2249W) which was gated 

by coincidence signals of the START and STOP detectors ．百四 protonTOF spec甘awere 

stored wi出 TOCtoge伽制御 n印刷 TOFspectra using the RF (Radio Frequency) 

signal from a cyclotron as a start signal for comparison. 

A5 the events to be analyzed for estimation of neu甘onenergy spectra are the proton 

events produced from radiator, the VETO pulse height was fixed to be noise level to avoid the 

pr加iarycharged particles and ST ART pulse height to be high enough to discriminate the 

protons induced in the START detector. Fig. 2 shows the two dimensional distribution of 

light outputs of the STOP d~旬ctor and the recoiled proton TOF spec甘um. 百ieleft graph 

gives two gamma-ray peaks and proton events. ’The right graph shows the same two 

dimensional plot after selection of proton even匂．

The proton mぽgyspectra given for three radiators, polyethylene (j POLY), graphi民

(j 0&J and nothingぴBLANK),which are shown in Fig. 3, were determined from relativistic 

kinematics using the recoiled proton TOF spectra after coηection of energy loss in出eSTART 

scintillator. ’The proton events induced by only H(n,p) elぉticscattering from polyethylene 

radiator（ゐ＇（n,p)can be ob凶nedby using恥 abovethree neu甘onenergy spec凶 fromthe 

following formula which subtracts unnecessary components, 

ん＇（n,p)= ｛んOLY-f BLANK) -if cRA -h山 '.K）×η

,where ηis由eratio of carbon density of the polyethylene radiator to that of the graphite 

radiator. 

Detection efficiency 

The neutron fluence f(E ,J for incident neutron energy is given by 

1 dE 

剣En)=4nS2-;{En}°tゆ'H(n,p)

where 

protons me舗 uredwith a self TOF detectorぉ afunction of reco辺protonene靭 EP,and Sis 

the distance between Li target and radiator. The detection efficiency s(E,J W錨 calculated

analytically3> wi白theangul釘必貸erentialn-p scattering cross section o(8n) when radiator and 

detector are circular, as follows 
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仏）＝害ffsτλ 

where N is the number density of hydrogen in a radiator，τis the radiator thickness, D is the 

distance between radiator and STOP detector, Rs is the radiator radius and Rd is the detector 

radius. ~ the STOP detector hぉ ashape of square, Rd was approximated to be a radius of 

the detector which has the same area as this STOP detector. sis the distance between Li target 

and the n-p reaction point in the radiator, dis the distance from the n-p reaction point in the 

radiator to the recoil proton i吋ectionpoint onto the STOP detector, as seen in Fig. 4. 

Results and discussions 

Fig. 5 shows the exper加ientaldataもogetherwith the neutron spec甘umobtained by 

the PRT (Proton Recoil Telescope）・’Thepeak energy is about 1 Me V lower and出efluence 

of peak component is about 15 % smaller compared with the PRT spec甘um.百iedifference 

of peak energy is reduced to the neglection of energy loss correction caused by proton flight 

of 1 min泊r. 百ieunderestimation of peak fluence comes from various factors which訂C

necessary to correct. We are now considering these correction. 

Conclusions 

明日 performance test of the self TOF detector for measurements of neutrons wぉ

done at CYRIC. By using three type of radiators, the contribution of carbon reaction in 

polyethylene radiator and background wぉ ableto be subtracted. 百iisdetector is now 

applying for the neutron scattering cross section measurements. 

References 

1) M. Nakao et al., KEK Proc. of 11th Workshop on Radiat. Detec.組 dTheir Uses, p102, (199η． 
2) N. Nakao et al., RIK町 Accel.Prog. Rep. 29 (1996). 
3) M. 'n也 daet al., Noel. Instrum. Methods, A 372, p253 (199の．
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V. 3. Radiation Protection and Management 

Miyata T., YamaderaA., Nakamura T., and E均tanabeN.* 

Cyclotron and Radioisotope Cen館町 TohokuUniversity 

Japan Radiation Protection Co., Ltd.* 

Cyclotr':'n and Radioisotope Cen館町 TohokuUniversity 
Japan Radiation Fうr-otectionCo., Ltd.* 

(1) Unsealed radionuclides used in the center 

百1ekinds組 dactivities of unsealed radionuclides handled in出ccenter in 1997 are 

shown in Table 1.百ietable includes血eisotopes produced by the cyclo甘on,purchased from 

the Japan Isotope Association and took over from another RI institutes. 

(2) Individual monitoring 

百1eexposure doses of the workers in the cen旬rin 1997 is given in Table 2. 百1ey

were less than the permissible doses. 

(3) Monitoring of the workplace 

Radiation dose rates inside and outside of the controlled areas were monitored 

periodically and as needed. ’They were below the legal permissible levels. Surface 

contamination levels of the floors inside the controlled ar伺 swere measured by smear method 

and wi出 surveymeters periodically組 das needed. ’They also cleared under the legal 

re例制onlevels. 

( 4) Wastes management 

百1eradioactive wastes delivered to the Japan Radioisotope Association in 1997 are 

shown in Table 3.百1econcren甘ationof radioisotopes in the air released after filtration合om

the stack was monitored with stack gas monitors. 百ielevels were less th叩 thelegal 

regulation levels.τ'he radioactive w剖erwぉ storagedat the tanks at leぉtfor 3 days and then 

released to the sewerage after confirming that the concentration was less than pen凶ssible

levels. 

官ie甘eatedvolume of radioactive waste of organic scintillator was 1586 1 by the 

incinerator made by Fu ikogyo Co., Ltd. 
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Table 1. Unsealed radionuclides used in曲ecenter in 1997. 

(a)Cyclotron Building 価 q) (b) RI Building (kBq) 

group 3 group 1 131J 150,305.100 

uc 235,595,320.000 90Sr 120.000 34mCI 2,000.000 
t3N 4,000.000 4sTi 1,295,000.000 
150 15,569,600.000 total 120.000 

l~：t!g 2,595.000 gr~~~ 2 
1,603,530.000 Ca 169,837.875 total 4,574,413.964 

4sTi 888,000.000 60Co 3,468.540 group 4 

65Zn 34,438.600 3H 519,957.424 

total 253,663,045.000 6sGe 67,962.000 t4C 264,198.304 

group 4 SS Sr 26,725.000 tsp 302, 178, 750.000 

18p 464,298,200.000 to9Cd 5,268.660 

110,462.999 めぬ1 302,962,905.728 

total 464,298,200.000 131Cs 17,776.800 

(c)R凶 earch Building: 仕E畑、 total 435.940.474 

group3 group 3 

llC 921,300.000 uc 186,000.000 

150 69,819,000.000 13N 2,000.000 

28Mg 1,964.000 

total 70,740,300.000 32p 1,478,208.134 

group4 35S 18,446.650 

18p 5,516,700.000 99Mo 718,910.000 

99勘 re 718,910.000 

total 5,516,700.000 toORh 2,670.000 

Table 2. Occupational radiation e司>0suresat也ecenter in 1997. 

Dose range (mSv) Number of individuals 

No measurable exposuぉ

Measurable eヰ>OSU民 less曲組 1.0
1.0 to 2.5 

o
y
z
o
，3
 

4
3
 

Total persons monitored 50 
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Table 3. Radioactive wastes delivered to也eJap組 Radioisotope
Association in 1997. 

W錨旬S Container Number 

solids 

Combustible TYJ児 11 50 i drum 24 
Combustible Type II 50 i drum 18 
Incombustibles 50 i drum 5 
Annimal c但cas記 S 50 i drum 17 
Filters 1 f. /unity 454 

liquids 
inorganic liquids 25 f. PE bottle 13 

Type I: Cloth and Paper made of m加ralcellulose. 

TYJ路 II:CombustiblePlastics such as Polyethylene 
and Polypropylene. 
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V. 4. Training for Safehandling of Radiation and Radioisotopes 

and X-Ray Machines for Beginners in Tohoku University 

Nakamura T., ぬmaderaA., and .Aめ＇ataT. 

Cyclotron and RadioおotopeCenter, Tohoku. University 

Training for saf ehandling of radiation and radioisotopes for beginners hぉ been

conducted twice a year from 1977 in Tohoku University. 百四 contentsof lectures and 

practices are shown in Table 1. In 1997 the training was performed for 553 persons. The 

departments to which they belong are given in Table 2. 

Training for safehandling of X-ray machines and electron microscop岱 beganfrom the 

end of 1983. 百ietraining is scheduled to be held twice a year瓜 thesame t泊ieas the 

safehandling of radiation and radioisotopes.αily lectures訂egiven and not practices. 百ie

contents of由electures and the distributions of tr厄nees訂eshown in Tables 3 and 4, 

respective I y. 

Training for safehandling of synchrotron radiation began from the end of 1995. 百ie

contents of出electures are the same as saf ehandling of radiation and radioisotopes for 

beginners and not practices. In 1997 the training was performed for 87 persons. 

Table 1. Contents of lectu民 S組 dpractices for safehandling of radiation and radioisotopes in 1997. 

Lee加res(one dav) 

Radiation physics and measurements 
Chemistry of radioisotopes 
Radio lo』pealprotection ordin組 .ce
Effec臼ofradiation on man 
Saf ;handlin2 of radioisotopes 

Practices (one day) 

1.5 (hours) 
1.0 
1.5 
1.0 
1.5 

Trea凶 .entof unsealed radioactive solution 4.0 (hou路）
Measurements of su由民contaminationand decontaminatio 1.0 
Measurements of立 細 血aravs釦dbeta ravs 2.0 
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Table 2. Distribution of trainees for safehandling of radiation組 dradioisotopes in 1997. 

Depar回 ent Staff 

Medicine 36 
Den tis位y 1 
Pharmacy 1 
Science 4 
Engineering 3 
Agricul加re 1 

Research Institutes 7 
τ'he o曲ers .3 

Total 56 

nz 
d
＝i
l
3
1
1
3
4
8
－7
 

伽
＝

ω
g
《

9

7
駅

下

一

切

円

3

＝
t品
田

4

Total 

144 
10 

44 
95 
74 

94 
81 
11 

553 

Table 3. Contents of lectures for safehandling of X-ray machines and electron microscopes in 1997. 

Safeh紐 dlingof X-ray machines 
Radiological protection o吋in紐 印

VTR for safehandlin2 of radiation and radioisotopes 

1.5 (hou路）
1.0 

1.0 

Table 4. Distribution of位aineesfor safehandling of X-ray machines and electron microscopes in 1997. 

註E笠！！！！ent

Scie岳 民

Engineering 
Research Institutes 

Total 

縦
一

2
6
U一幻

Student 

29 
69 
94 

192 

川
一
引
万
町
一

m

Table 5. Distribution of trainees for synchro位。nradiation in 1996. 

Department Staff 

Science 0 

Engineering 0 
Research Institutes 1 

Total 1 

山一

zu一
郎

M

一ω却問一
幻
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VI. PUBLICATIONS 
(Janua，η1997～December 199η 

A 

1. A Convenient Cryoge凶cTr叩 withLiquid Nitrogen for the Concentration of [11C]C02 
R. IWATA, T. IDO, Z. KOVACS and I. MAHUNKA 
Applied Radiation and Isotopes, Vol. 48, No. 4, pp. 483・485,(1997) 

2 . Performance study of a miniature gamma ray scintillation vivo probe for tumor 
locali:zation 
Hossain M. DELOAR, Hiroshi WATABE, Yoshiharu HAYASHI, Masayasu 
MIYAKE, Takashi NAKAMURA, Hiromu TAKAHASHI, !akashi YOSHIOKA, 
Ryunosuke KANAMARU, Takehiko Fujiwara and Masatoshi ITOH 
Annals of Nuclear Medicine, Vol. 11, No. 2, pp. 173・181,(1997) 

3. Analog transitions in sd-andιshell nuclei and the isovector part of optical potentials 
studied by the (p, n) reaction剖 35MeV
G. C. Jon, H. Orihara, T. Niizeki, M. Oura, K. Ishii, A. Terakawa, M. Hosaka, K. 
ltoh, C. C. Yun, Y. Fujii, T. Nakagawa, K. Miura, and H. Ohnuma 
PHYSICAL REviiw c, Vol. 56, No. 2, pp. 900・907,(1997) 

4. Internal Dose Estimation lncl~ding_ !he Nasal ~avity and Major Airway for 
仁 川inuousI出制ionof c1=>02’D02 and CDO Using the Thermoluminescent 
Dosimeter Method 
H. M. Deloar, H. Watabe, T. Nakamura, Y. Narita, A. Yanadera, T.同iw抑制d
M. Itoh 
The Journal of Nuclear Medicine, Vol. 38, No. 10, pp. 1603・1613,(1997) 

5 . Performance evaluation of a large axial field-oιview PET scanner: SET-2400W 
Takehiko FUJIWARA, Shoichi WATANUKI! Seiichi YAMAM~TO, Mぉay錨 U

MIYAKE, Shiny a SEO, Masatoshi ITOH, Keizou ISHII, I五konojoORIHARA, 
Hiroshi FUKUDA, Tomohiko SATOH, Keishi KITAMURA, Kazumi TANAKA 
and Shigeru TAKAHASHI 
Annals of Nuclear Medicine Vol. 11 No. 4, 307・313,(1997) 

6 . Effec~ of Haloperidol and Cocaine Pretreatments on Brain Distribution and阻netics
of [11C]Methamphetamine in Methamphetamine Sensitized Dog: Application of PET t 
o防 ugPharmacokinetic Study 
Hitoshi Nakamura, Takanori Hishinuma, Yoshihisa Tomioka, Shunji lshiwata 
Tatsuo ldo, Ren Iwata, Yoshihito Funaki, M錨 atoshiltoh, Tak:ehiko F吋iwara,
Kazuhiko Yanai, Mitsumoto Sato, Yohtaro Numachi, Sumiko Yoshida and 
Michinao Mizugaki 
Nuclear Medicine & Biology, Vol. 24, pp. 165・169,(1997) 

7. Monte Carlo Evaluation of Accuracy and Noise Properties of Two Scatter Correction 
Methods for 201TI Cardiac SPECT 
Yuichiro Narita, Hidehiro Iida, Stefan Eberl, Tak:ashi Nak創nura
IEEE TRANSACTION ON NUCLEAR SCIENCE 44(1997)2465・2472
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B 

8. Assessment of Cancer Recurrence in Residual Tumors after Fractionated 
Radiotherapy: A Comparison of Fluorodexyglucose, L-Methionine and Thymidine 
Michael J. Reinhardt, Kazuo Kubota, Susumu Y：創nada,Ren Iwata and Hiroshi 
Yaegashi 
The JoumaJ of Nuclear Medicine, Vol. 38, No. 2, pp. 280-287, (1997) 

9. Age-related Changes in [3H]Nimodipine and [3H]Rolipram Binding in the Rat Brain 
T. ARAKI, H. KATO, K. SHUTO, ANDY.口、OYAMA
J. Pharm. Pharmacol., Vol. 49, pp. 310-314, (1997) 

10 . Effect of aging on dopflll山ergicreceptors and uptake sites in the rat brain studied by 
receptor autoradiography 
Tutomu Araki, Hiroyuki Kato, Katsuro Shuto, Takehiko F吋iwara,Y asuto ltoyama 
JournaJ of Neurological Sciences, Vol. 148, pp. 131・137,(1997) 

11. Effect of Nitric Oxide Synthase Inhibitor on Age-related Changes in Second 
Messenger Systems and Calcium Channels in Rats 
T. Araki, H. Kato, K. Shuto, T. Fujiwara and Y. ltoyama 
Metabolic Brain Disease, Vol. 12, No. 1, pp. 83・92,(1997) 

12. E旺ectsof vinconate on age-re!ated alterations in [3H]MK-801, [3H]glycine, sodium-
dependent判官J.aspart~te, [3H］医・506and [3H]PN200-110 binding i~ rats 
TutomuAr北i,Hiroyuki Kato, Sumiko Nag北i,Katsuro Sutou, Takehiko F吋1wara,
Yぉutoltoyama 
Mechanisms of Aging and Development, Vol. 95, pp. 13・29,(1997) 

13. Effects of chronic treatment with a cyclic AMP-selective phosphodiesterase inhibitor, 
rolipram, on excitatory amino acid neurotransmission systems in young and aged rat 
brains 
H. Kato, T. Ar北i,T. Chen, X.-H. Liu, T. Hiranuma, K. Murase, Y. ltoyama, 
and K. Kogure 
Journal of Neural Transmission, Vol. 104, pp. 269・280,(1997) 

14. Age-related changes of sodium-dependent D-[3H］ぉpartateand [3H]FK506 binding in 
rat brain 
T. Araki, H. Kato, ~· Shu to, T. Fujiwara, and Y. Itoyama 
Journal of Neural Transmis~ion, Vol. 104, pp. 259・267,(1997) 

15 • Transport efficiency of fission products泊 IGISOL
H. Kudo, M. Maruyama, M. Tanikawa, M. Fujita, T. Shinozuka, M. Fujioka 
Nuclear Instruments and Methods加PhysicsResearch B, Vol. 126, pp. 209・212,
(199η 

16. Di鉦erentroles of the left and right parahippocampal regions in verbal recognition: a 
PET study 

17. 

T. Fujii, J. Okuda, R. Kawashima, A. Yamadori, R. Fukatsu, K. Suzuki, M. Ito, R. 
Goto and H. Fukuda 
NeuroReport, Vol. 8, No. 5, pp. 1113-1117, (1997) 

Myocardial Glucose Me~lism is Di笹erentbe~een Hypertrophic Cardiomyopathy 
and Hypertensive Heart Disease Associated with Asymmetrical Septa! Hypertrophy 
NOBUYUKI SHIBA, YUTAKA KAGAYA, NOBUMASA ISHIDE, DAIYA 
TAKEYAMA, YURIKO YAMANE, MASANOBU CHIDA, HIROKI OTANI, 
TATSUO IDO, AND KUNIO SHIRATO 
TohokuJ. Exp. Med. , Vol. 182, pp. 125-138, (1997) 
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18. E百ectof NG-Nitro・L-Arginineon Age-Related Changes of Glutamate Receptor 
Systems and Immunophilin in Rats 
Tsutomu Araki, Yoshiteru Oshima, Hiroyuki Kato, Katsuro Shuto and Yasuto 
ltoyama 
Meth Find Exp Clin Pharmacol, Vol. 19, No. 6, pp. 373-381, (1997) 

19. Stimulated Glucose Uptake in the Ischemic Border Zone: Its Dependence on Glucose 
Uptake in the Normally Perfused Area 
Yuriko Yamane, Nobumasa Ishide, Yutaka Kagaya, Daiya Takey創na,Nobuyuki 
Shiba, M~sanobu Chida, Te包ujiNozali, Toshihiro Tak油ashi,Tatsuo Ida and 
Kunio Shirato 
The Journal of Nuclear Medicine, Vol. 38, No. 10, pp. 1515-1521, (1997) 

20. Decreased corticalglucose metabolism correlates with hippocampal atrophy in 
Alzheimer's disease as shown by MRI and PET. 
Y担na思1chiS. Me忠1roK. ltoh M. Hayasaka C. Shimada M. Yam犯 akiH. Y amadori 
A. 
Journal of Neurology, Neurosurgery & Psychiatry. 62(6):596-600, (1997) 

21. Influence of chemotherapy on FDG uptake by human cancer xenografts in nude mice. 
Yoshioka T. Takahashi H. Oikawa H. Maeda S. Ido T. Akaizawa T. Fukuda H. 
Kanamaru R. 
Journal of Nuclear Medicine. 38σ）：714-7, (1997) 

22. Regional cerebral glucose utilization is modulated by the dosage of apolipoprotein E 
type 4 allele and alphal・antichymotrypsintype A allele in Alzheimer’s disease. 
Higuchi M. Arai H. Nakagawa T. Higuchi S. Muramatsu T. Matsushita S. Kosaka 
Y. ltoh M. Sasaki H. 
Neuroreport. 8(12):2639・43,(1997) 

23. Striatal dopamine metabolism correlated with frontotemporal glucose utilization in 
Alzheimers-disease -A double-tracer PET study. 
Meguro K. Yamaguchi S. ltoh M. Fi吋iwaraT. Y amadori A. 
Neurology. 49(4):941・945,(1997) 

2 4. Psychiatric wandering behaviour in dementia p剖ientscorrelated with increぉedstriatal 
dopa凶 neD・2receptor as shown by [ C・ll]YM・09151・2and positron emission 
tomography. 
Me思iroK. Itoh M. Yanai K. Takase K. Y創naguchiS. ldo T. Y amadori A. 
European Journal of Neurology. 4(3):221・226,(1997) 

2 5. Activity in the parietal area during visuomotor learning with optical rotation 
Ketaro Inoue, Ryuta Kaw錨 hima,Kazunori Satoh, Shigeo Kinomura, Ryoi Goto, 
Motoaki Sugiura, Masatoshi ltoh組 dHiroshi Ukuda 
NeuroReport 8, 3979-3983(1997) 
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VII. Members of Committees (as of Jan. 1, 1998) 

General 

(Chainnan) E五konojo Orihara (CYRIC) 

Osamu Hashimoto (Faculty of Science) 

Hiroshi Kudo σacuity of Science) 

Kohshi Yoshimoto (School of Medicine) 

Taぬshi Yamada (School of Dentistry) 

Tetsuya Terasaki σaculty of Pharmaceutical Sciences) 

Katsunori Abe σacuity of Engineering) 

Yoshiyuki Kamio σacuity of Agric叫伽re)

Reim on Hanada (Institute for Materials Research) 

Minoru Issiki (Research Institute for Mineral 

Dressing and Metallurgy) 

Hiroshi Fukuda (Institute for Development, Aging and 

Cancer) 

Jirohta Kasagi ιaboratory of Nuder Science) 

Syogo Yamada (School of Medicine) 

Manabu Fujioka (CYRIC) 

Tatsuo Ido (CYRIC) 

Takashi Nakamura (CYRIC) 

Masatoshi ltoh (CYRIC) 

Ren Iwata (CYRIC) 

Aldra Yamadera (CYRIC) 

Keizo Ishii (Faculty of Engineering) 

Tadao Saitou σacuity of Agricult町 e)

Sadaei Yamaguchi (Institute for Materials Rese訂・ch)

Michihan』 Katoh (Institute for Chemical Reaction Science) 

Research Program 

(Chairman) Takashi Nakamura (CYRIC) 

Takemi Nakagawa (Faculty of Science) 

Tsu to mu Se kine (School of Medicine) 

Takehiko Watanabe σacuity of Science) 
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Kohshi Yoshimoto (School of Medicine) 

Hidetada Sぉ汰i (School of Medicine) 

Katsunori Abe σaculty of Engineering) 

Mieko Kawamura σaculty of Agric叫ture)

Reim on Hanada (Institute for Materials Research) 

Hiroshi Fukuda (Institute for Development, Aging and 

Cancer) 

Manabu F吋ioka (CYRIC) 

Tatsuo ,I do (CYRIC) 

Keizo Ishii σacuity of Engineering) 

Masatoshi ltoh (CYRIC) 

Cyclotron 

にhainnan) Manabu Fujioka (CYRIC) 

Osamu ・Hashimoto σaculty of Science) 

Talcemi Nalcagawa σacuity of Sciencの
Satoru Kunii σacuity of Sciencの
Tsu to mu Se kine σacuity of Science) 

Kazushige Maeda σacuity of Science) 

Ken Abe (Faculty of Engineering) 

Kyuya Kodajima σacuity of Engineering) 

Keizo Ishii σacuity of Engineering) 

Akira Hasegawa σa culザofEngineering) 

Reim on Hanada (Institute for Materials Research) 

Minoru Issiki (Research Institute for Mineral) 

Dressing and Metallurgy) 

Tatsuo Ido (CYRIC) 

Tak総 hi Nakamura (CYRIC) 

Masatoshi ltoh (CYRIC) 

Ren Iwata (CYRIC) 

Tsutomu Shinozuka (CYRIC) 

Astuki Terakawa (CYRIC) 

Radiation Protection and Training of Safe Handling 

(Chainnan) Ta伽shi Yamada (School of Dentistry) 

Yoshiaki F吋首 σacuity of Science) 

Hiroshi Kudo (Faculty of Science) 
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Yoshio Hosoi (School of Medicine) 

Yoshihiro Takai (University Hospital) 

Kazuo Ouchi σacuity of Pharmaceutical Sciences) 

Naohiro Hirakawa σacuity of Enginee巾 g)

Toshiyasu Yama忠！Chi σacuity of Agriculture) 

Masayuki Hasegawa (Institute for Materials Research) 

Hiroshi Fukuda (Inute for Dstitevelopment, Aging and 

Cancer) 

Manabu Fujioka (CYRIC) 

Takashi Nakamura (CYRIC) 

Akira Yamadera (CYRIC) 

Akira Nagamuma σacuity of Pharmaceutical Sciences) 

Life Science 

(Chairman) Tatsuo Ido (CYRIC) 

Kazuo Yamamoto σacuity of Science) 

Yas叫討to Itoyama (School of Medicine) 

Kazuie Iinuma (School of Medicine) 

Syogo Yamada (School of Medicinの
Masahiko Yamamoto (School of Medicine) 

Michinao Mizugaki (University Hospital) 

Shin Maruoka (University Hospital) 

Reizo Shirane (School of Medicine) 

Kazuo Ouchi σacuity of Pharmaceutical Sciences) 

Keizo Ishii σacuity of Engineering) 

Mieko Kawamura σacuity of Agricultぽ ・e)

Hiroshi Fukuda (Institute for Development, Aging and 

臼ncer)

K位 uo Kubota (Institute for Development, A前igand

Cancer) 

Manabu Fujioka (CYRIC) 

Takashi Nakamura (CYRIC) 

Masatoshi Itoh (CYRIC) 

Takehiko Fujiwara (CYRIC) 

Yoshihito Funaki (CYRIC) 
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Prevention of Radiation Hazards 

(Chainnan) Takashi Nakamura (CYRIC) 

Takemi Nakagawa σacuity of Science) 

Tsutomu Se kine σacuity of Science) 

Ken Abe σacuity of Engineering) 

Manabu Fu ioka (CYRIC) 

Tatsuo ldo (CYRIC) 

Akira Yamadera (CYRIC) 

Takehiko F吋iw釘a (CYRIC) 

Muneo Aoyama (CYRIC) 

Takamoto Miyata (CYRIC) 
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VIII. PERSONNEL 
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VIII. Personnel (as of Jan. 1, 1998) 

Director Hikonojo Orihara 

Division of Accelerator 

Manabu Fujioka 

Osamu Hashimoto!) 

Tsutomu Shinozuka 

Minoru Tanigaki 

Masai世ro F吋ita

Shizuo Kan6) 

Shizuo α1iba6) 

Nao to Takah鎚 hi6>

Yぉuaki Ohmiya6> 

Division of Instrumentations 

阻kon吋o Ori hara 

Keizo Ishii2) 

Astuki Terakawa 

Y筋 uhisa Tajima 

Sho・ichi Watanuki 

Tsutomu Ichikawa 

Division of Radiopharmaceutical Chemistry 

Tatsuo ldo 

Ren Iwata 

Yoshihito Funaki 

回ro汰i Wada 

Hideo Takahashi 

Yo・ichi Ishikawa7) 
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Division of Cyclotron Nuclear Medicine 

M舗 atoshi

Takehiko 

Kazuhiko 

Masayぉu

Itoh 

Fujiw訂a

Yan泊4)

Miyake 

Division of Radiation Protection and Safety Control 

Takashi 

Akira 

Takam0to 

Noboru 

Nakamura 

Yamadera 

Miyata 

Watanabe?) 

Graduate Student and Researcher 

Yasumori Kanai (Graduate School, Di吋sionof Science) 

Kenichi Sekiguchi （αaduate School, Division of Sciencの
Tsuyoshi Hoshino （αaduate School, Division of Science) 

Takero Baba (Graduate School, Division of Science) 

Kazuya ltoh (Graduate School, Division of Science) 

Chong-Cheoul Yun (Gradu蹴 School,Division of Science) 

Asaki Yamamoto (Gradu剖eSchool, Division of Sciencの
Ke吋i Kawami (Graduate School, Division of Science) 

Hiroshi Suzuki (Graduate School, Division of Science) 

Gen Kamurai (Graduate School, Di吋sionof Science) 

回deyuki Mizuno （臼aduateSchool, Division of Sciencの
Yasuo Saito (Graduate School, Division of Science) 

Shi吋i Nagata (Graduate School, Division of Pharmaceutical 

Sciences) 

Hiroyuki Nagao (Graduate School, Division of Pharmaceutical 

Sciences) 

Minoru Hatushika (Graduate School, Division of Pharmaceutical 

Sciences) 

Yoshikazu Morita (Graduate School, Division of Pharmaceutical 

Sciences) 

Tak:ehisa Kawata (Graduate School, Division of Pharmaceutical 

Sciences) 

Yoshitak:a sh加 izu (Graduate School, Division of Pharmaceutical 
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Sciences) 

Syozou Furumoto (Graduate School, Di吋sionof Pharmaceutical 

Sciences) 

Nobuyuki Okamura (Graduate School, Division of Medicine) 

Manabu Tashiro (Graduate School, Division of Medicinの
Yu-ichiro Narita （αaduate School, Di吋sionof Engineerin訪

Hossain Del oar (Graduate School, Division of Engineering) 

Eun Ju Kim (Graduate School, Division of Engineering) 

Tadahiro Kurosawa (Graduate School, Division of Engineering) 

Osamu Satoh (Graduate School, Di吋sionof Engineering) 

Hiroyuki Handa (Graduate School, Di吋sionof Engineering) 

Shin go Taniguchi (Graduate School, Division of Engineering) 

Mako to Nakao (Graduate School, Division of Engineering) 

Michiya Sasaki (Graduate School, Division of Engineering) 

Miho Shidahara (Graduate School, Division of Engineering) 

Tak錨 hi Kuboyama (Researcher) 

Office Staff 

Muneo Aoyama 

Hiroshi Syoji 

Hashime Wako 

Kyoko Fujisawa 

Seiji Kikkukawa 

Keietsu Aizawa 

Fumiko Mayama 

Mitsuko Endo 

Yu・ko Yamashita 

Yuri Okumura 

Noriko Suzuki 

Noriko Fukuda 

Hi to mi Inoue 

Akari Kagay a 

Toshiyuki Watanabe7) 

1) Faculty of Science 

2) Faculty of Engineering 

3) Institute for Materials Research 

163 



4) School of地 decine

5) Institute for Devefopment, Aging血 dCancer 

6) SUMI-JU Acα：lerator Service L凶．

乃 Jap姐 RadiationProtection Co., L吋．
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