ISSN 0385-2105

RESEARCH REPORT
OF
LABORATORY OF NUCLEAR SCIENCE
TOHOKU UNIVERSITY

T S

¥ E

g y==t

N
>

=

$21% £25

1988 12 H

R KZFEZFH

X

B F & B 2 M R} fE



l 7 8 &

1. [ ZEHRRSE | IKEFRAFNRCL 2 ERBER VO CNCEEZEE L CHRRESF
YEBLET,

2. KEBBORXEHN L TUIFEAE LTEER T TED TR A

BL, BAOEENDLBECIIRBWALOBELELTL, 5 VIBEXELEYRDLE
BhHhHET,

3. FEDHRNEKIXDOHILFITIH N BEIE Research Report of Laboratory of Nuclear
Science, Tohoku University X(} Private Communication & LC5|AT 5% &L L, EE
DEFEZBI-ETFALTTFI

4. FEIBEFEOALI2ZACRTLED,

B wmAE

1. BXDOERITA 44 400 FFEERAELEALTT IV FAEIIRELR O CRERS A
MWL LS TTFE 0y,

2. BIRXER, L5, BAL, X, XFHEE%DL Journal of the Physical Society of
Japan DI BROF5] JRHE>TTF Sy

BRRDBCDOWTHEET &Ly,

ERCRERE, Vv XF, 12Vy 7, Tvy s, 3k, b LLARIFRON
XFEEFBETHEELTCTF SV BL, XFOXFRBROFARIFEAME LTI 2Y 9 7T
H4LETDT, BNROTRLS, FRPRFRIULGETREXFRSILTIIBOEESY L
TF&EV EXDREBOBEL, 121V 9 7DFEEBELTT Iy

3 RRUFRCZ IBEBCI H1IR ], HF2X J0LH5CESLZHITTF I, Ri32TR
AL, BRUIRID LA DFEXRBALTTF R Ve BL, 1/3 LT OMRIMEET X
L

4 HRUROBABERTERCHEELTEFI W,

5. RRUROHBY ThLThIHKIC £ LD TRBMOKRBIZ 2F TF &\,

6. JRRERTYIEIZ 4 A308 &£10A318 T BRI TRERSTRELTF Xy

lEhm=rE1-2-1 HBEES 982
R XRFREMRE FREFL R
[ BREHRERE | REREBR



I

HEP SRS #21s H2s H K

P
I—1 °Li (e,¢'p) BUBDEIZE (I)  crrereerererrsmmsmitsitiniiiiiini 139
CHEEW, ™, Mige v 5 -"F)
BPR BA, BT OREA, WMLBHA, BET ZIK
HEOEE, EE WA, WE s et
I—2 (e n) FREETEERICEL S C EAIIBDORFIE (L) coovvererrmreremmmmnrenn. 145
GEEm, mammE ™, wER ™)
BA kT, HHEETE, 8K M BE AT
R, A R, pg gt
I-3 (e 7) R X BIETIGHER DIFGE +ovveeeerrreremmmmmerersieininnn, 157
(BB, HEWT, v s—"")
FPE OB, mEE OWSA, BR OBAAT, IR e
M R, FromERY, wE EBY, ik pe™
I —4 Study of Photo-absorption Mechanisms at Intermediate Energy Region «++++ 173
(R, KIS, x vXLvR™)
EE ORI BN OFIRY, SR OEBET, B AR
Bl =, BB A% J. Eden™, D. McLean ™,
M. Thompson o
I—5 “Be (7, 7%) *Li 10k % Li EHRIREEDIIIE croereereerersrmsesinsnenieniaiinnnias 184
CUEERT, TR, HEy ™)
PR, NES B, BE KT, LE EC
FFE BB, LB =T, sm et
1 -6 TEFEBENCXZETED SO nt TR DI verrerrremsrerein. 188
R, #ES ™)
BH AW, EE BE UEa B WT 50
i B, SPEOMEER Y, M B



o Yy

om-1

YBasCusOrox BBIEEFRA LA DIKTEL woververeeremrerersennieninieinceece i 195
(&0, IR
ReE WL vk FRE P B, BE A
I ST
Relation between Proton Intersite Distance and Hydrogen-Bond

Length in KH;AsOs and the Other KH:POs Type Crystals. «reeesesereereeeeeesens 204
(T2 TR, ™)
WLE B, Y (EET, B OEET
MnsSn DAY H LR L S RERE e erereersssisi 209
(&)
B A 10 %5
ﬁi@tlﬂ‘ﬁt??f&tck Z,E{;’;%E@ﬁﬁﬁ% ( I ) .......................................... 213
(IR, AR )
KR YRR, HR BT, ko s

A
M—1 KBkA V75 vF—va Vick BALEREHRE DTG «verereesemsnennininins 219
(B
PR b, HR OB
Il— 2 Preparation of Carrier-free “Sc and Impurity-diffusion:ssr=ssesreerreesseeneeaeees 226

of Sc in Aluminum Single Crystals
CLAERHHEIE)
BB, B
BRI BAEEC & B BBHEAMTIC 1oL F B~ DS
—ES A DRBTHEMEANTIT DN T = creeerrrersresenree it 236
(BT, i)
ROk BB ¥— bR EY, AR &3
MBS BT LATIC & B GSI FBHEE TR DAHT  creerreeerreerreseesieenees 243
CREWT, 457 )



A g AR %8
M—5 BEE ZSEEGEEKLERY OBETTIHRR e, 956
(AR, TRBARETE™)
HE ORE AE WY, SAE—

M—6 Jbiid, EEAEKLIEEDMERITTIRE - oo 268
(BRI )
HH ORE BEAH
M— 7 BEEAHEL, EEPUER K LSRR DIIBEIZEL, «+evererrereermernesmennenennsnsiis 281

(Y, SRAEE ™)
HH ORE EE EET, AR
m-—38 ﬁjtzlgﬂﬁm, %@'ﬁaﬂ(m%‘iﬁ’\@ 7ot Z¥UE @ﬁ};ﬁ .............................. 301
(B
HH Rk A

Vs - WiEs
N—1 752F9v27vvFL——%H0I (e, p) FEEREER --roverrrmrmmerereemneees 319
G, goEd ™, fEe v s —")
WILBIMA, B #E R B3, EER EB
TTOEB, =il WA, mE Y, e pE™
IV— 2 Development of a Liquid Helium Target System for the ‘He( 7 tager X)
EXDOLLIEIG +-crreeeceeeeeesevsssssssesessssasansssassssss s sssssssssssassss s 396
CREmmt, #oge ™, Ansny ™)
48 g, A Bates™, HIH FIE™, D. Mclean ™
Bpit AR, HEOREA R OR4E
IV—3 7 — BRI REIBERRIAG -wrvrrrrrrrrrrrrrrerrrrrrrrrrrrer ettt 330
(e, wammr Y, saEw ™, gtEm )
WE %= EE OBET. fE B, 0wk gt
mEs B, wF oY, BE O KET, g met
as



IV—4 Renewal of the KAKURIKEN On-line Date Taking System «««esseeeereeseeeeneees 337
(BB, » vE Lk *, )
B % D. McLean ™, BBE FR™, &E g™

IV—5 Rearrangement of the TOF Neutron Diffractometer for the Special

Environment EXperiments <« -« sesessrsrsssesssessmsistississsisississsinssses 349
(&0
G EIINSIPS
V=6 ZAFY—0HATITE BN FREEEDRIE orvverrermremrrenrrniiii e 346

GEERE, B aLx—B ")
e BEKF, AMLFIESE, RE R, WE g
mEs B EE R B EE EE RE
pemE BT, bR fk*



Research Report of Laboratory of Nuclear Science
Volume 21, Number 2, December 1988
Content

I Nuclear Physics

I—1 ‘Li(e,e’p) Coincidence Experiment (I )«eerseesessrsessssmesireninniinnniininss 139
Masahiro Nomura, Tadaaki Tamae, Takahiro Tadokoro,
Hideto Matsuyama, Masumi Sugawara, Haruhisa Miyase,
Hiroaki Tsubota and Yoshiyuki Kawazoe

I —2 Study of the Giant Resonance in C via the (e,e’n) Coincidence

Experiment (T ) «reeeeresesessemnmstentititiiait s 145

Keiji Takahisa, Teijiro Saito, Shinsuke Suzuki,
Tutomu Tohei, Takemi Nakagawa, Yukinori Kobayashi
and Ken Abe.

I —3 Study of Nuclear Structure by the (e,e’ 7) Reaction sreeresereereererereereesinen 157
Hiroaki Tsubota, Haruhisa Miyase, Masahiro Nomura,
Hideaki Kawahara, Akira Tanaka, Tadaaki Tamae,
Masumi Sugawara and Yoshiyuki Kawazoe

I —4 Study of Photo-absorption Mechanisms at Intermediate Energy Region -+ 173
Toshimi Suda, Izumi Nomura, Tatsuo Terasawa,
Yoshiharu Torizuka, Jun Yokokawa, Kazushige Maeda,
James Eden and Maxwell N. Tompson

I—5 *Be(y, m)'Li* Highly Excited States «e-sesesressrsessmsnsmsiinemiminiincnnes 184
Kunikazu Takeshita, Akira Kagaya, Taihei Shimada,
Hirohito Yamazaki, Katsufusa Shoda, Takashi Yamaya
and Hiroaki Tsubota

I —6 Cross Sections of Positive Charged Pion Production from Several

Nuclei using Electron Beam «eee-sssssessssessmmmmmmiiisseees 188

Taihei Shimada, Katsufusa Shoda, Akira Kagaya,

Kunikazu Takeshita, Hirohito Yamazaki, Hiroaki Tsubota



and Takenori Kobayashi

I Material Science

on—-1
on—-2
on-3
on—-4

Hydration of Oxide-Superconductor YBasCusOrxreetreerrrrererrenseeniriniiniins

Tsuyoshi Kajitani, Toshiyasu Matsunaga, Makoto Hirabayashi,
Syohichi Tomiyoshi, Hiroshi Yamauchi and Takashi Kamiyama

Relation between Proton Intersite Distance and Hydrogen-Bond

Length in KH:AsO1 and the Other KH:PO: Type Crystals «esseeeeeeereeeereniene

Noboru Yamada, Nobuo Niimura and Rieko Ren

Helical Spln Structure of IMINgSn  cevereereeseettetiiinninietitiiiieteieneniestnicesnanes

Syohichi Tomiyoshi and Yasuo Yamaguchi

Structure Study of Biological Materials by Neutron Transmission

Method ...........................................................................................

Takuya Katase, Nobuo Niimura and Fumio Tokunaga

II Radiochemistry

m-1
m—-2
m-3
m—4
m—-5

The Mechanisms of Chemical Reactions Initiated by Recoil

Implantation  seeeeeeeeserrermermmmtiiiii et e e feerreeenenn

Tsutomu Sekine and Kenji Yoshihara

Preparation of Carrier-free “Sc and Impurity-Diffusion of Sc in

Aluminum Slngle Crystals ................................................................

Shin-ichiro Fujikawa and Shun-ichi Ushino
A Test for Radioactivation Analysis by the Internal Standard
Method Coupled with the Standard Addition Method

—on the Photon Activation Analysis of a Low-alloy Steel «reeseeeeesrereeeenn

Mitsuo Hara, Eiichi lino, Kazuyoshi Masumoto and Masuo Yagi

Instrumental Photon Activation Analysis of GSJ Rock Reference

Kazuyoshi Masumoto and Masuo Yagi

Trace Element Abundances of the Rocks from Kyurokujima Seiho



m—-6
m—-1
m—-38

Submarine Volcano, Japan Sea «««- s+ sssseeersrememimnimisiniiie i
Takeyoshi Yoshida, Hiroaki Sato and Ken-ichiro Aoki

Trace Element Abundances of the Rocks from Oshima-Oshima Volcano,

HHOKKAId g ++rrrrersrennrnnsasaneeserereriuiiieneerererrttsisrusrari i eeeeseessrerertntirannens
Takeyoshi Yoshida and Ken-ichiro Aoki

Regional Variation of Volcanic Rock Compbsitions in the Northeast

TLORSRIL AT Greevrerrrrsrnnrensunsereersessniiseereeeserusstsrssrssiorenessessesssnsssinsasaans
Takeyoshi Yoshida, Atsushi Sakayori and Ken-ichiro Aoki

Estimation of Source Materials for the Volcanic Rocks from the

Northeast Honshu Arc

— Application of “Process Identification Diagram” «eeesesereseererennescincenen

Takeyoshi Yoshida and Ken-ichiro Aoki

IV Accelerator and Instrumentation

V-1
V-2
V-3
V- 4
V-5

(e,e’ p) Experiment Detector System using Plastic Scintillators stsssseerereerees
Hideo Matsuyama, Takahiro Tadokoro, Masahiro Nomura,
Masumi Sugawara, Tadaaki Tamae, Haruhisa Miyase,

Hiroaki Tsubota and Yoshiyuki Kawazoe

Development of Liquid Helium Target System for the ‘He( 7 tages X)

EXPETIIIIENE ##+sersreeeeannessnnnsanttt ettt s
Osamu Konno, Anthony Bates, Kazushige Maeda, David McLean,

Izumi Nomura, Yasuhiro Sugawara and Tatsuo Terasawa

A Broad_Range Magnetic Pion Spectrometer ..........................................

Takashi Yamaya, Katsufusa Shoda, Osamu Sato,
Takenori Kobayashi, Akira Kagaya, Kunikazu Takeshita,
Taihei Shimada, Hirohito Yamazaki and Hiroaki Tsubota
Renewal of the KAKURIKEN On-Line Data Taking System «cesreseeeeseercecees
Kazushige Maeda, David McLean, Masakatsu Mutoh and
Yasuhiro Sugawara

Rearrangement of the TOF Neutron Diffrectometer for the Special



Environment EXperiments «+++«--+sssessersessesesssimnimisiiititt it 3492
Kazuo Kamigaki
IV—6 Measurements of Bunch Structure from an Electron Linac ce-scoeerereereereceeees 346
Ryukou Kato, Masayuki Oyamada, Toshiharu Nakazato,
Shigekazu Urasawa, Akira Kagaya, Akira Kurihara,
Shigenobu Takahashi, Yoshinobu Shibasaki, Isamu Sato

and Kazuo Nakahara






WG $21% 25 1988F12H 139

"Li (e, e'p) FUGOWHIL (1)

IR, HEW, BHers -
TPk A FIT S - AMLEHA
M - e B e AT
BRI A . IR s

We have measured °Li (e,e’p) coincidence cross sections at 6,=0° , 30° (¢,=45° and
135° Dand 180° , at excitation energies between 20 and 25 MeV using a 129 MeV
continuous electron beam from the pulse stretcher. Scattered electrons were detected at

30° . The mean value of the momentum transfer was ¢=0.33fm™.

Charged particles
were detected with 1 mm surface-barrier solid-state detectors (SSD’s). A 50 wgm SSD

was set in front of 1 mm one at 6,=0° in order to identify particles.
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Study of Photo-absorption Mechanisms
at Intermediate Energy Region
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We have studied the photo-absorption mechanisms in the photon energy region above
the Giant Dipole Resonance (GDR) but below the z-photoproduction threshold using
tagged photons. The simultaneous measurements of *Be,B( 7,p),( 7,pn) cross sections
clearly show that the dominance of a two-nucleon photoabsorption process in this energy

region.

81. Introduction _

A photon energy region above the Giant Dipole Resbnance (GDR) but below the
7m-photoproduction threshold is called as the intermediate energy region. This is the
region where the total photoabsorption probability becomes minimum. This is due to the
fact that one-nucleon emission process, ( 7,N)(N:nucleon), is largely suppressed because
of a momentum mismatch between the incoming photon and outgoing nucleon. Then it
has been expected that one can obtain the informations on other processes such as the
two nucleon involved process. It has been well known that the phenomenological Levinger’s
quasi-deuteron model accounts for the total photoabsorption cross sections”, which
assumes the interaction of a photon with a pn pair (a quasi-deuteron) in nuclei. This fact

suggests the importance of photoabsorption by two-nucleons, then the intermediate
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energy region has been considered to be adequate for the investigation of the reaction
mechanisms that two nucleons are involved. However there had been very restricted such
exclusive( 7,N) results and almost no( 7 ,NN) data in the intermediate enery region. One
of the reasons was a lack of monochromatic photon beam source in this energy region. At
the Laboratory of Nuclear Science of Tohoku University, the pulsed beam stretcher (SST
R) has been attached to the electron linac ® and high duty factor electron beam(d. f .~=80
9% ) from the SSTR made possible to perform coincidence experiments, like the photon
tagging, (e,e’p), (e,e’ v ) and (e,e'n) experiments. Photo-nuclear experiments such as
(7,p),C7r n) and ( 7,pn) using the photon tagging technique have become available for a
wide photon energy range of 40<<E,< 100MeV?.

In this brief report, we present the experimental results of ‘Be and *B( 7,p),( 7,pn)

and ( y,pp) reactions measured at the Photon Tagging Facility in Sendai.

§2. Experimental Details

A continuous electron beam from SSTR bombarded a thin Au foil and produced
bremsstrahlung. The recoiled electrons were momentum analyzed in the tagging magnet
and detected by the 32 electron detectors set in the focal plane. Each detector had the
same momentum bite of 2.6MeV /¢ for an incident electron beam of energy Ey =130MeV.
The photon beam was collimated using a series of lead collimators and cleaning magnets,
and irradiated a nuclear target. The reaction products such as protons or neutrons were
detected by particle detectors in coincidence with the recoiled electron(E.) to define the

absorbed photon energy ('tag’ a photon) following a simple equation :
E,=k—E. (1)

Figure 1 shows the detector arrangements of ( 7,pn) experiment. Four proton detectors
consisting of thin plastic scintillators (4 E) and Nal(E) were set at the photon emission
angles of 0,=30,45,65 and 90 degrees. Six neutron detectors (NE213) were arranged 1m
from the target at angles consistent with the deuteron photo-disintegration kinematics.
In order to identify a charge of the detected particle by the neutron detector, thin plastic

scintillators were placed in front of each neutron detector. Target thickness for ( 7,p),
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Fig. 1. Experimental arrangements for ( 7, pn) experiment.

(7,pn) were 300 and 292 mg“cif for ‘Be and “B, respectively. Photon intensity was 1.5~
2.0X10° 7 /sec for ( 7y,pn) experiment, this intensity was determined in order to keep
the signal-to-noise ratio (SN ratig) less than about 5% for ( 7,p). Typical time resolu-

tion of the electronics is about 1.5 nsec.

§3. Results and Discussions
Figure 2 shows examples of ‘Be and “B( 7,p) missing energy spectra, where missing

energy is defined as;
Em:Ey’“Ep_Elc (2)

E, B, and Er are the energies of the incident photon, ejected proton and recoilling nucleus,
respectively. In this brief report, the cross sections in high missing energy region (E.>>20
MeV ) of these spectra are presented. The cross sections of the ( 7,po) region, where the

residual nucleus remains in its ground state or several low excited states, will be discussed
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Fig.2. A typical missing energy spectra of the ‘Be,’B( 7,p) reactions, plotted as a
function of the missing energy. The solid curves represents the results of the
quasi-deuteron model (QDM) calculations described in the text.

elsewhere. This high missing energy region is where the 1 s-protons have been observed in
the quasi-elastic (e,e’p) reaction as shown in figure 3. This figure shows the response
function of *Be(e,e’p) reaction measured at Saclay” as functions of missing energy E. and
recoil momentum p. which is equivalent to the initial proton momentum in PWIA form-
alism. The p~-dependence of the observed sharp peak at around E.=17MeV is found to be
consistent with the 1 p-shell momentum density. There is another bump structure peaked
at around 24MeV, whose p.-dependence indicates the contributions of the 1 s-shell proton
s.If we assume the quasi-free proton knock-out process (QFK)in ( 7,p) reaction as in the

case of (e,e’p), the strength of the high missimg energy regicn should be much smaller
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compared with the cross section for the ( 7,ps) region. This is due to the fact that the
magnitude of 1s momentum density probed by ( 7,p) process in our kinematics (shown
by arrows in the figure 3 ) are much smaller than that of 1 p-shell in the frame work of
the QFK model. Then it is expected that the strength of the high missing energy region

should be much smaller than that of 1 p-shell region according to the QFK interpretations.

S(p.B)
98e le,ep)

8y
et ‘ ]{ }I\\—\ P (MeWc)
/o.mn L/Q&\ e 10-50
22603

| / ; ; y — - 50-100

: 100-150
. 150-200
80

Fig.3. The response function of the *Be(e,e’p) reactions measured at Saclay, presented as
functions of the missing energy En» and the recoiled momentum pa.

The cross sections at the high missing energy in the ( 7,p) spectra, however, show
the comparable magnitude with the ( 7,ps) cross section. This may indicate that there
exists some difference of the reaction mechanisms between ( 7,p) and (e,e’p) at least in
the high missing energy region. Considering the momentum mismatch for the ( 7.p)
process, the quasi-deuteron model (QDM) are applied in this missing energy region where
the two nucleon emission becomes possible. The QDM 1is expressed as;

do _
dQdEn

dO.CM
dfdq

/A N
nLN7 & FG)T 3)

This model includes the effects of the Fermi motion of the quasi-deuteron as a mo-
numentum distribution function F(p ). Nucleon transparency factor 7, which corrects

for the loss of proton flux due to the strong final state interaction, was assumed to be
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Be(7,p) cross sections (30 <F,,< 50 MeV)
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Fig.4-1. The differental cross sections of the ‘Be{ 7,p) reactions integrated over 30<En
< 50MeV in the missing energy spectra. A dot-dashed curve shows the quasi-
free knockout (QFK) model calculation using 1s-proton momentum density.
The solid curve represents the QDM calculation.



179

19B(7,p) cross sections (30 <E,,< 50 MeV)
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Fig.4-2. The differental cross sections of the “Be( 7,p) reactions integrated over 30
E.<50MeV in the missing energy spectra. The theoretical curves are the same a
s Fig.4-1.
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constant at 0.5”. The Levinger parameter L was set to 5.6 as suggested by Tavaras et al.
The solid curves in figure 4 are the results of the QDM calculations.

For the quantitative discussions, the integrated cross seczions in the missing energy
region of 30<E.<50MeV are compared with the predictions of the ls-shell QFK model
and QDM. The results are shown in Fig.4 with data of ‘Be and “B( 7,p) together. As
expected from Fig.3, the QFK model understimates the ( 7,p) cross sections about an
order of magnitude. The QFK calculation was performed according to Londergan &
Nixon” using the 1s-shell momentum distribution. On the other hand, the agreement
between the QDM calculations and the data seems satisfactory in both magnitude and
the photon energy dependence.

In order to quantify the two nucleon photoabsorption, ( 7,pn) cross sections have

been measured for °Be,B nuclei. Fig.5 is the proton-neutron angular correlations of

T T T T

1B (y,pn) angular correlations

T
1

30

QDM + Cascade

20

Relative Yields

d(v,pn)

T ,
100 150 200 250
pn Opening Angle (degree)

Fig.5. The “B( 7,pn) angular correlation plotted against their pn opening angles. The
data are summed for photon energies 66<E,<103MeV. Open circles, solid circles
and triangles represent the ( 7,pn) events for proton emission angles of 45,65
and 90 degree, respectively. The solid curves shows the result of the QDM calcula-
tion. The effect of the final state interaction are taken into account by the intra-
nuclear cascade model.
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“B( y,pn) events measured using the detector arrangement shown in Fig.1. Even though
statistics are rather poor, the angular correlation forms a broad peak corresponding to
free deuteron photodisintegration kinematics ( 8,160 degree). It is difficult kinema-
tically to explain this angular distributions on the base of the photoabsorption by a
proton, and successive collision with a neutron. This experimental results can be under-
stood as the result of the two nucleon photoabsorption process. The solid curve in this
figure represents a simulation results of the QDM.'The effects of the final state inter-
action, which may make the correlation peak somewhat broader, are taken into account
by the intra-nuclear cascade model. The QDM calculation reproduces the trend of the

data. Fig.6 is a ( 7,p) missing energy spectra gated by the ( 7,pn) events for 80<E, <

0.8
01,:30 9},.—_65
0.4
0.4
g I H LR
= h) 0
PN 0 20 40 60 0 20 40 60
g
-
2
£
IS
~
(]
I o °
B 0.8 0, = 45 6, = 90
=)
0.4
0.4 M*
0 0 20 40 60 0 0 20 40 60

Missing Energy (MeV) Missing Energy (MeV)

Fig.6. The “B( 7,p) missing energy spectra constructed from the ( v,pn) events in the
photon energy range from 80 to 100MeV for each proton emission angles. An
arrow indicated the pn-separation energy.

100MeV. Using the measured angular correlation and the neutron detection efficiency
calculated by TOTEFF code®, we can obtain the ( 7,p) cross sections, which accompany

neutron emission, by integrating over the neutron emission angle and its kinetic energy.

The ratio of the integrated ( v,pn) cross sections and measured ( 7,p) cross sections are
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Fig.7. The ratio of the differentail cross sections of the inclusive ( 7,p) reaction and

those of deduced from the pn- and pp-coincidence data for 80<E,<100MeV. Open

and solid squares represent those of the pn data for *Be and “B, open and solid

triangles indicate the ratio of the pp-coincidence data for *Be and "B, respectively.
shown in Fig.7 for °Be and “B according to proton emission angles. The only statistical
errors are presented in the figure. The systematic error due to the uncertainty of the p-n
angular correlations for the integration were estimated to be 15%. The ( 7,pn) coinciden-
ce data consume about 40-50% of the measured ( 7,p) cross sections, and the ( 7,pp)
data are found to be about 109 of the measured cross sectins. The ( 7,pp) cross sections
were deduced by the same manner as the ( 7,pn). The ( y,pn) angular correlation were
assumed due to poor statistics of the detected ( 7,pp) data.

It is quite interesting to know how much of the high missing energy ( 7,p) cross sec-
tions arise from the quasi-deuteron photoabsorption process where the photoneutron isnot
detected. In order to do this it is necessary for the measured ( 7,pn) cross section to be
corrected by the neutron attenuations. A value of 0.5 was chosen to be consistent with

the proton transparency factor in the QDM. After scaling the ( 7,pn) cross sections with
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this factor, about 80-1009% of the measured ( 7,p) cross sections can be attributed to the
pn-photoabhsorption process. The ratio of the ( 7,pp) coincidence cross sections over the
( 7,p) cross section are simulated by the QDM with the intra-nuclear cascade model. In
this model calculation, the energetic neutron after pn-photoabsorption can knock out a
proton in the cascade process, i.e.( 7,pn)(n,p), and such an event is expected to be mea-
sured as ( 7,pp). Simulation results of 7% seems to agree with data, thus it seems to be
possible to understand the most of measured ( 7,pp) cross sections as an effect of the
final state interactions.

As conclusion of this brief report, ‘Be and “B( 7,p),( 7,pn) cross sections have been
measured in photon energy range at 50<<E,<100MeV. The measured ( 7,p) cross sections
in high missing energy region, where 1s-shell proton has been observed in the quasi-elastic
(e,e’p) reactions, are reproduced by the Quasi-Deuteron Model. The ( 7,pn) cross sections
integrated over neutron arm accounts for about the half of the measured ( 7,p) cross
sections. After the correction of the final state interactions to the ( 7,pn) cross sections,
‘Be and “B( 7,p) cross sections in the high missimg energy region are confirmed to be

attributed to the pn-photoabsorption process.
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PFrREEAA I 3N & 2R IIZ & A EHA TV RV, SEAVHRHIRTER X TRV
LD LFE—TH 2R OFE Y27 R) sdicE/DEE LicnlfeltEdisd 5,

26 =150°
12000 T T T T T T T T T
9000
6000
3000 .
¥ (= Vo] ; Lo
°f § g T8 TRETRS S o
FIIIIIIIIIIIIIIHIIIIIIII T A R N A AT T e N TR |
_3000 L 1 1 1 1 1 1 1 1
0.85 1.00 1.14 1.29 1.43 1.58 1.72 1.87 2.01 2.16 2.
-]
3000 d- spacing ,A
0 E /\V Pl NP A WA_VM/\V/\'/"'\/\ Lo Vr\v.lL
-3000 {

¥6 20 =150° 2B} % YBa:CusOQssto Dy R HEFEIFTEE o

LElE i B NA TR X - THRIE L7 YBa:CusOsu o DFERF/ S5 A — § — 2R LITRT
KFEZ1b (M400) 4 PcA->TWT, le (0%40) ¥4 FEBERFLEIBEAELTHS
EEZ NS, BIEAXTHAKZEIRELES LRETLe (040 ¥4 McbBEEXLTH
1 SARH Y TR R YBaCuOw TRIZEDOKIBL T 1b (1200) ¥4 FA3FEL LTK
FioEEEhB T LRSI,

B L AFORERTRAEZ (EB->TVWAETH 2MERT — & Offat & B RE O0F6E
WCIRRA S 2 o DIBEICIRET B 2 EBTEY, FHO &) REZE L TZ OfORERF
RS A — 5 — DR EITE - foo £BIRF, Ba, YRUCuDEEEERERT IHE.A150°
DF— 5 H3RYD, ODEEEEIHFELAHC° OF—FhoRDTV S, BELH DI5G& D
BT 23S, R, ReRURwASHENAE LORASEAVEB ORI iysEin T
RTWBLHTH S,

BRI B\ T b ERRUT BV T S, KERYBaCu:OudHARIDHDBafE & Baf@ & O
WAIBE LTS T EMEERTE %,



202

F1E o744 0—85 (profile refinement technique) 1T & - THE L 72 YBa:CusOsu
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Ba 2t YV Y% o 0.1881 (12) 1.19 (28) 1.0
Y 1h I 2 0.87 (40) 1.0
Cu la 0 0 0 0.01 (34) 1.0
Cus 2q 0 0 0.3551 (10) 0.65 (20) 1.0
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ﬁ % (%) ’ RB RP RWP
ND26 =60° 11.2 10.0 13.0
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Relation between Proton Intersite Distance and Hydrogen-
Bond Length in KH;AsO, and the Other KH,PO,Type Crystals

Noboru Yamada, Nobuo Niimura * and Rieko Ren
Drepartment of Applied Physics, Faculty of Engineering,
Tohoku University, Sendai 980
* Laboratory of Nuclear Science, Faculty of Science,
Tohoku University, Mikamine 1—2—1, Sendai 982

§1. Introduction

Recently one of the authors (N. Yamada)® has reported that there is a linear relation
between the transition temperature 7. and the hydrogen-bond length Rw in tetragonal
KH:PO: type crystals, irrespective of whether the crystals are deuterated or undeuterated.
This indicates that a large isotopic effect of the transition temperature 7% does not occur
owing to direct proton tunnelling effect but due to the change of the hydrogen-bond
length. But it shoﬁld be noticed that there is some scattering of the data around
the straight line in Fig.1 of ref.1 and an accuracy of the used experimental data seems as
insufficient to detect a small difference between H-salt and D-salt. Furthermore the nu
mber of compounds had been restricted only three, because an accurate measurement
of Rw at T. has not been reported for other tetragonal compounds. The first purpose of
our investigation is to get structural data of KH:AsO: by X-ray and neutron diffraction
methods. On the other hand, a behavior of the proton in double minimum potential has
been treated quantum theoretically® and it has been shown that the isotope effect of H-inter-
site distance can be expressed as a superposition of geometric isotope effect due to the
change of Ry and direct proton tunnelling effect. Furthermore an error introduced in &
vs Rw relation is smaller than that of 7. vs Rw, because the relation of & vs Rw is free
from the measured temperature. The second purpose of this paper is to make a thorough
examination for relationship between & and Rw in KH.PO. type crystal using the all

available structural data.
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§2. Experimental and Results
2.1 X-Ray diffraction

The crystal structures of KH.AsOs at 293 K, 231 K, 177 K and 119 K were studied by
X-ray method. The intensity data were collected with monochromatized MoKea, using a
four-circle diffractometer. Refinements were made by means of diagonal-matrix least-
squares calculations. The details of the investigation were summarized in the master
thesis® of one of the authors (R.Ren). Only the lattice parameters, atomic coordinates
of O-atom and hydrogen-bond lengths are shown in Table I. Temperature dependence of
the hydrogen-bond length, Rw, is shown in Fig.1.

Table 1. The temperature dependence of the lattice constants, the fractional
coordinates and the hydrogen-bond length of KH:POs.

293 K 231 K 177 K 119 K
a(A)  7.6295 7.6175 7.6105 7.6065
c(A)  7.1600 7.1380 7.1230 7.1130
«(0)  0.15990 0.16050 0.16122 0.16181
v(0)  0.08589 0.08604 0.08705 0.0886
2(0)  0.13508 0.13639 0.13645 0.13650

Ru(A) 2508 2.503 2.476 2.4608

2.60
KH2 As O4
<
S 259 o
2.40° ! 1 1 ! !
50 100 150 200 250 300 350

Temperature (K)

Fig. 1. The temperature dependence of the hydrogen-bond length in KH.AsOx .
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2.2 Neutron diffraction
The neutron diffraction measurements of KH:AsO, were carried out on the four-circle
single crystal diffrectometer in the Laboratory of Nuclear Science, Tohoku University.
The measurement was done by the PSD-TOF method where white neutron is used.
Structural refinement was made using the block diagonal least-squares method. The
results are to be published in J. Phys. Soc. Jpn.” The relation between & and 7 which
is a part of the resulvts of ref. 4 is shown in Fig.(2 ) by open circles and the filled circles
indicate the corrected values for the riding motion of H on O.® It can be said that &

linearly changes with 7.

0.45
KH2 AsO4
4
-
o 0-40F
[
[v]
=
8
un
o
2L o3s}
n
e
[
-
£
! -
T s
.
0.30
o from ref. 4
e correated for the riding moticn
0.25 L n 1
. 0 100 200 300

Temperature (K)

Fig. 2. The temperature dependence of the H-intersite distance in KH:AsOx.

§3. Discussion

The relation between ¢ and Rw which is obtained from Table I and Fig. 2 is shown
in Fig. 3. It can be seen from Fig. 3 that & linearly depends on Rw with free from the
temperature. Realization of this relation for KH.PO. crystal already has been indicated

by the present authors ® using the crystal data reported by Nelmes and coworkers.”™ In



Fig. 4 the present result was superimposed
on the & vs Rw plotting in ref.6. We notice
that each group of H-salts and D-salts makes
a straight line, respectively, and the line of D-
salts shifts above the line of H-salts. This
fact strongly suggest that the isotope effect
in § containes direct tunnelling effect. Here
it must be stressed that the § vs Rw straight
line is being constructed by the various kinds
of compounds at the different temperatures

and different pressures. Thus we conclude that
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0.45

0-401

s (A

0-35r

0-30f

0-25

KHz AsO4

Fig. 3.

247 244 746 248 250 252 254 256

Roo (A)

The relationship between the H-
intersite distance and the hydro-
gen-bond length in KH:AsOx.

H-intersite distance in O-H-O hydrogen- bond depends only on the O-O distance Rw

irrespective of the kind of compounds, measured temperature and measured pressure.

0.50
DKDP(363K , 1bar)
DKDP(Tc+5K)
0-45 DKDP(293K)
DKDP (Tc + 4K, N kbar)
0-40
DKDP(293K, 16.5kbar ) KDA(283K)
KDP (293 K)
> 035 1 KDP(Tc+5K)
~ Yy KDA (Tc +13K)
© KDP (293K, 16-5 kbar )
0-30
KDP (12kbar, Tc+ 3K)
0.25 |+
020 1 1 1 1 1 1 1 1 1
2.42 2.44 2.46 248 250 252 254 256 258 260
Ro-0(A)

Fig. 4. The relationship between the H-intersite distance and the hydrogen-bond length
in KHzPOx type crystals. The values of KH:AsO: was determined in this paper and
the other values were taken from the references 7 and 8 . KH:PO:KD.PO:and
KH:AsO: were abbreviated as KDP, DKDP and KDA, respectively.
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§4. Summary and Conclusion

The crystal structure of KH:AsOs was refined using X-ray and neutron diffraction
methods at several temperatures, (294 K, 148 K and 106 K, for X-ray and 294 K, 209 K,
148 K, 130 K, 118 K and 106 K for neutron). The relation between H-intersite distance,
8, and hydrogen-bond length, Rw, in KH,POs type crystals was examined using the present
result and the structural data reported by Nelmes and coworkers. The linear relation
between & and Rw was found in H-salts and D-salts, respectively, and it was indicated
that the separation between the two lines of H-salts and D-salts is a evidence of

the direct tunnelling effect in isotope effect of §.
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The chemical reaction induced by recoil implantation was studied by bremsstrahlung
irradiation of the mixture of Cr metal powder and tris ( 8- diketonato) Fe(IlI) ( 8- dike-
tone : hexafluoroacetylacetone (Hehfa), trifluoroacetylacetone (Hetfa), acetylacetone
(Heacac), thenoyltrifluoroacetone (Hetta), dipivaloylmethane (Hedpm), dibenzoylmeth-
ane (Hedbm)). The yield of ®Cr ( B8- diketone)s, substitution product of the cent-
ral metal atom of the complex by the recoil atom, was strongly influenced by the catcher
complex and it increased in the order of Fe(hfa)s < Fe(tfa)s < Fe(acac)s < Fe(tta)s <
Fe(dpm)s < Fe(dbm)s. This trend was discussed with respect to stability of the cat-
cher complex against energy deposition by the recoil atom. A two-step model, which
includes an attack process of a recoil atom to a catcher molecule and a competition proce-

ss between a recoil atom and a central metal atom of catcher complex, was proposed.
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#13% The percent yield of *Cr(L)s for Iron(Il) B - diketonates.

Catcher Fe(dbm)s Fe(dpm)s  Fe(tta);  Fe(acac)s  Fe(tfa)s Fe(hfa)s

CH,
fune. ¢ R <::> cHm-C-cte [ CH, CH, CF,y
S

tional
group CH,
0
Ra @ CH,-C-CHs CFs CHs CFs CF;
4Cr(L)s 43.8 28.6 24.0 20.5 13.0 9.8
yield(%) +3.1 +1.2 +0.9 +1.8 *0.8 +0.3

Fe(hfa)s < Fe(tfa); < Fe(acac)s < Fe(tta); < Fe(dpm)s < Fe(dbm)s
-t

ESEEOZERE VO RMIM» S o2 IR L TH B &, RERORVWHEREFZLSSVE
BUNEEEZ T\W5, fo& A, acac#fh, tfadhfk, hfafl{kTldZ DIEICERINEIE
HoTWb, CNHIBWTI, BHMED CHLESZOEILVESTHOCREREEED -
1bDTH BN, CREOBETHG HIc XD &BEMMNTFOrRE L OMOKEEHIE B HT &
BHISEN TV B, Th b OBTIIFLER ST OBRR & O OMFERE ORI bHb
nTHOY GE2K), WHONS L BEARKHPLEREBRNKRS/NE S B->TVWBH I LR

%23 The percent yield of *Cr(L)s and frequency of metal - oxygen bond™.

Fe(dpm)s Fe(acac)s Fe(tfa)s Fe(hfa)s
9Cr(L)s 28.6 20.5 13.0 9.8
%
v(M-0) 479 437 424 421

cm

bbb, Lich->TT I TESNERIZ, ZEEERLICHESEFRSTLEBOERERE
HELTWBEEW) HFRBHEREI NS,
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%1 Two step model for the substitution of the central metal atom of the catcher
complex by the recoil atom.
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LTREZSNBRIGIRA 4 VERED 2 VR TH 5, B- V7 b VEEEO T 2V F —ff
Biod 2k, BYERICL2OMBERENT AR boxt —F —ZHVIERICE -
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diketone)s D 1 fliiDIEA 4 v OHIHBERIFLEBOBVIC L 2Z L0 bEMTFHREE LT &
WA DREEEEZI L LS (B3R, tLAd, TEF VT & b VEEETER

%5 3% Appearance potential of MI%'™.

AI(ID) Cr(Im) Co(I) Fe(Il)
acac 7.95 8.10 7.80 845 V
8.27 7.87 7.81 8.64
tfa 9.05 9.09 9.10 V
9.38
hfa 9.80 10.13 10.2 10.2 A%
10.30 9.97 10.34 10.34

DEB AL Cr, Co, FedZMLLTHIRF S VIEEDEAREZ 54, BT 7040
FRFNTELY, ~FH TN TEFVT L VEBTEIEITL-T, 9V, W0VE
BB SRS 5N TV S, CNREYICHBET 2BFIRATFICRBT2D0THSC
LERLTVWS, TRbEL, H—UEMICEZL S LPHioA + VEBRIcB W TRPLERE
DENMTIZS E VBRI CRMTOBVICXZEEDORE W EPEFEENDE, £, 1D
IEA A v OEFREIE PR 2 Mg Ric >V THE SN TV EHY (B 4K), hfa, tfadflkT

% 43 Production yields of Cul.* and Cul.™*.

dbm tta acac tfa hfa

Culs* 38.0 31.8 12.1 1.7 3.6 %
Cul* 42.7 10.8 22.6 2.6 0.6 %
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Preparation of Carrier-free “’Sc and Impurity-diffusion
of Sc in Aluminum Single Crystals

Shin-itiro Fujikawa and Shun-ichi Ushino
Department of Materials Science, Faculty of Engineering
Tohoku University, Sendai 980, Japan

In order to obtain the radioactive tracer of Sc with high-specific activity for the
diffusion study, the preparation of the carrier-free “Sc from a natural Ti metal target
was investigated by using the photo-nuclear reaction, ®Ti ( 7, p) “Sc. The preliminary
but the first measurements for the impurity-diffusion coefficients of Sc in aluminum
single crystals were carried out by serial-sectioning method in the very limited temper-
ature range near T between 873 and 926 K. The results were compared with those of tran-

sition elements in aluminum.

§1. Introduction

It is well known that the volume diffusion of transition elements in aluminum is
characterized by anomalously large pre-exponential factor (D.) and activation energy
(®), compared with those for the self-diffusion. The theoretical interpretation of this
results is not clear at present. Furthermore, it is much difficult to obtain the reliable
data of impurity-diffusion for transition elements in aluminum because of the hold up
phenomena of the tracers near surface of specimens.

Scandium is the first element of the transition elements in the periodic table and
classified as one of rare earth elements owing to the simillarities of chemical properties.
Recently, Al-Sc alloys have attracted researchers in the view cof the large age-hardenabil-
ty"” and residual resistivity?. The impurity-diffusion data of Sc in aluminum, which is
very useful to analyze kinetically the phase transition during thermal treatments, have
not yet been reported because of the very expensive tracer, “Sc and the difficulty to
obtain the carrier-free tracer of Sc.

In the present work, the new preparing method of the carrierfree “Sc (t1,.=2.96x10%)
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was investigated and the impurity-diffusion coefficients of ‘Sc in aluminum at several
temperatures near T» were determined using the carrier-free "Sc and the high-specific acti-
vity “Sc (t1,,=2.11x10%). The “Sc is very difficult to produce in the carrier-free state by
means of either a cyclotron or a reactor. Yagi and Kondo” have already succeeded in
preparing the carrier-free “Sc using the photonuclear reaction. In the present work, the

new separating method, which is different from them, was developed.

§2. Experimental procedure
2.1 Preparation of radioactive tracer “"Sc and "'Sc

Natural Sc and Ti metals (purity : both more than 99.9 mass% ) were used as the
targets for the preparation of “"Sc and "Sc, respectively. Bremsstrahlung irradiation was
carried out by means of the 300 MeV linear accelerator (Linac) of Tohoku University.
The Linac was operated typically in the condition of 30 MeV for 10 hours. The sample
tube was placed horizontally on the axis of electron beam in close contact with the back
of a Pt converter of 2 mm in thickness cooled by running tap water. The integrated
electoron beam current was kept constant at about 0.2 Coulomb throught irradiation
period. The high specific activity “"Sc was prepared using the photonuclear reaction *Sc
( 7, n) “"Sc. The irradiated Sc metal was dissolved using conc. chloric acid and made
into the Sc chloride by dry up. Table 1 summarizes the possible photonuclear reactions on
titanium leading to the production of radionuclides, indicating that the “Sc is produced
mainly by the ®Ti (7, p) “Sc in the case of 30 MeV bremsstrahlung. The carrier-free “Sc
was successfully separated from the irradiated Ti foil using the radiocolloidal method.
The flow chart of the process is shown in Figure 1. After dry up, a trace of the carrier-
free Sc alone remained in the bottom of a beaker. Figure 2 and Table 2 show the gamma-
ray spectrum of the final product prepared in the method shown in Figure 1 and the

result of peak search for Figure 2 , respectively.
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Table 1 Possible photonuclear reactions on titanium.

target nuclide reaction | @ value product nuclide half-life
(abundance: %) type (MeV) of product (s)
“Ti (7.99) (7, n) 13.2 574 1.11x10"
7 (r,p2n)| 314 3¢ 1.41x10*
7 (7, pn) 21.7 “Se 1.41x10"
“Ti (1.32) | (7, 2n) 22.1 7] 1.11x10*
Kyt (7,p3n)| 402 83¢ ©1.41x10*
o (r,p2n)| 306 43¢ 1.41x10*
oy Cr,p) 10.5 3¢ 7.25x10"
®Ti (73.99) | (7, 3n) 33.7 574 1.11x10*
“Tj (7,p4n)| 51.9 3¢ 1.41x10*
®y (r,p3n)| 422 4Sc 1.41x10*
BTy (7, pn) 22.1 %S¢ 7.25x10°
®Tj Cr,p) 11.4 “Se 2.96x10°
“Ti (5.46) (7, 4n) 42.8 7] 1.11x10*
o7} (7,p4n)| 50.3 “Sc 1.41x10*
o7y (7,p2n)| 30.2 %G¢ 7.25%10°
“7y (7, pn) 20.4 “Sc 2.96x10°
w7y (r,p) 11.4 3¢ 1.58x10°
“Tj (7, 2p) 20.8 “Ca 3.91x10°
*Ti (56.25) | (7,5n) 52.8 BT} 1.11x10*
o] (7,p3n)| 41.3 %3¢ 7.25x10¢
o] (r,p2n)| 305 7S¢ 2.96x10°
o7 (7, pn) 22.3 %S¢ 1.58x10°
o7y (7,2pn) 31.7 “Ca 3.91x10°

Table 2 Results of peak search for 7-ray spectrum, shown in Figure 2.

peak channel net count nuclide
159.74 94526 “Sc
176.60 9 *Sc
890.17 4553 “Sc
984.39 245 “Sc
1038.48 179 “Sc
1121.46 3728 “Sc
1312.87 187 “Sc
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[irradiated Ti foill

+ conc. H250y,
W

Dissolution
+ 8N NH4OH
containing Hz0p

NeutralizationJ

aqueous solution [COIOidal precipitates of Sc

containing
Tib* ions + conc. HCl

Dissolution

carrier-free 415

Fig.1 Flow chart of preparation for carrier-free “Sc by radiocoloidal method.

2.2 Diffusion experiment

Single crystals were grown in a high purity graphite crucibles from 99.9995 mass %
purity aluminum by the Bridgman method. Diffusion samples of 13 mm in both diameter
and length were cut from the single crystals using a precision cutter. They were chemically
polished and annealed in a H. atmosphere at 900 K for about 2.0 x 10" s to decrease
dislocation density. One face of each specimen was polished with a dimond paste, and
finally was electropolished in a solution consisting of ethyl alcohol and perchloric acid.
The radioactive tracers “"Sc and “Sc in the form of chloride were deposited on the flat
surface of the specimens using an infrared lamp. A small amount of ethyl alcohol was
added to the solution containing the tracers to avoid inhomogeneous distribution of them
on the surface. The metallic tracer layer was produced by the reduction of the chloride
with Al in the very early stage of diffusion annealing. The thickness of the tracer layer

was estimated to be less than about 10 nm. The specimens were then diffusion annealed in
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Fig. 2 7-ray spectrum of carrier-free *Sc.

a silica glass tube containing about 27 kPa at 293 K of purified He gas tvo avoid the oxida-
tion of both the tracers and Al surface. The diffusion annealing, carried out in a resistan-
ce furnace controlled to =1 K, varied over the temperature range between 873 and 926 K.
The diffusion time for each specimen was selected for 2 (D"t)"* to be nearly equal to 200
pm. The impurity-diffusion coefficients of Sc in aluminum were determined by the serial-
sectioning method using a precision microtome. The activities were measured using a Ge
(Li) detector and a multichannel PHA. Each section was counted to 10* or more counts a
bove background using an autoexchanger of specimens. The thickness of each section was

measured by a microbalance.
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Fig.'3 Log specific activity vs. X.? plots for impurity-diffusion of Sc in aluminum

Table 3 Impurity-diffusion coefficients of Sc in aluminum.

T Time Dt probable 2(D™ ) tracer

(K) (s) (m?%™) error(m’™) (pm)

926 6.00x10* 2.58x107" +3.83x107" 249 “nSe
—2.95x10™*

913 8.50x10* 1.33x107% +7.34x10™" 212 “nSc
—3.48x107"

903 9.00x10* 8.04x107* +3.09x107* 170 “nSe
—1.74x10™"

893 1.20x10* 6.71x10™ +5.08x107% 162 “Sc
—4.41x107%

873 2.00x10* 2.49x10™ +2.23x107% 141 © #mSc
—1.89x107*
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Fig. 4 Temperature dependence of D" for impurity-diffusion of Sc in aluminum.

Table 4 Diffusion parameters for impurity-diffusion and self-diffusion in aluminum.

element | D,(m%™) Q(eV) temperature source
Sc 3.56x10° 2.97 873-926 present work
Mn 3.17x107* 2.25 843-927 Fujikawa®
Fe 9.1x10 2.68 791-931 Hood®
Fe 5.3x107 1.90 794-924 Beke®
Cr 1.84x107* 2.62* 859-922 Peterson”
Zr 7.28x1072 2.51 804-913 Fujikawa®
Cu 6.54x107° 1.41 594-928 Fujikawa®
Al 2.25x10~ 1.50 673-883 Beyeler'™”

* recalculated values by Fujikawa in Ref. (8)
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§3. Results and discussion
The solution of Fick’s second law for the initial condition of thin-film is
¢ = const. exp (—X.2/4D"t), (D
where ¢ is the specific activity of a section, the center of which is X. from the original
surface, D" the tracer diffusivity and ¢ the diffusion time. In the penetration plot for the
diffusion of transition elements in aluminum, the steep slope at small penetration dis-
tance is often observed. For the diffusion of Sc in aluminum such a “near-surface effect”
was also observed, but the degree of the drop in specific activity was rather small. Figure
3 shows the semilog plot of specific activity vs. X:*. Within experimental error, a good
linear relationship is obtained over a sufficientlly large penetration distance. Hence the
straight-line portion presents volume diffusion. The values of D" determined using equa-
tion (1) are given in Table 3. Figure 4 shows the temperature dependence of the impurity-
diffusion coefficients of Sc in aluminum measured in the present work. The temperature
dependence of the diffusivities is given by
Dsesa = 3.56x 10° exp (—(2.97%£0.13)eV,RT)m?*™ (2)
Table 4 shows the diffusion parameters (D. and @) for Sc and other elemets'™™ in
aluminum. The values of D, and @ for Sc in aluminum are too large, compared with the
already reported values. In the present work, a few measurements have been carried out
over a very limited range of temperature and therefore further measurements are necessa-
ry. Figure b shows the temperature dependence of diffusivities of Al, Sc, Fe, Mn, Zr and
Cr in aluminum. Each straight line in Figure 5 is drawn for the respective teperature ran-
ge of the experiment. The diffusivities of Sc in aluminum are nearly equal to those of Fe

in aluminum by Hood® and larger than those of Mn®, Zr® and Cr” in aluminum.
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Fig. 5 Comparison of D of Sc in aluminum with those of other transition elements
and Al in same host metal.
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§4. Conclusions

We have developed the new separating method of the carrier-free “Sc from the Ti foil
after bremsstrahlung irradiation. The impurity-diffusion coefficients of Sc in aluminum
were determined at several temperatures near T.. The values of D" is nearly equal to

those of Fe in aluminum. The detailed study is now in progress.
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The usefulness of the internal standard method coupled with the standard addition
method has been tested by setting a beginner. For this test, determination of trace
elements in a standard reference material of low alloy steel (NBS-464) by instrumental
photon activation analysis was picked up. As an internal standard, *Mn produced
through the *Fe( 7, pn) reaction was used, and then 8 elements, such as Cr, Co, Ni, As,
Zr, Nb, Mo and Sh, were determined simultaneously. As a result, it was demonstrated

that the highly accurate and precise multielement determination can be achieved easily.

§1. FLHIC

SRR, BiAIC & - TEAFE & N EHERNIMNERHEE 3, BB S I EBE TR OB
BAMAT bOEHEREEL UTHET 5%, BEPRAERO< MY v 7 2BESERE
BEVWSEEE, Wi E HEHEED 2 N2 W OBWIBHHRE 35k EE T 2 ETR 2 NE
MRS 5720, EBICPPD 2 REREOFEFRETAALBRESNTLE S LV IBE
EHbEE-TWS, £z, TOHKIRS 50 L 22 cRERKERICHEATE S
fe, SEESEMTAZESEORIE ZoREC/V L TENcEBESRE I N0, 1
KOBEHMEAEEICE > Trb 2 bDEFEFHES TV 5,
COHEOEREEEIET A5 & v IAFIEEC /2w LT, HEFEZMEEES hTY
LERMETH BN, SR OHEOERLIC/VWE 52— @%K&ybs"ﬁbnf;@—(g ZHIZoO0
THE L2V T OB BHEHEAHT 38 A DEEDNTT ST - FRBR OIS VIR AT, ]
DFHHEHR G EARVT, WERD IOHEIC LB EEEMITBT 3 Cr, Co, Ni, As, Zr,
Nb, Mo BLU Sb OXETHEMEANELTH S WD T ETiTbhic, FiRE, 380%
ABEBRLTEOREDOF— %K T ENTELI LV EXERDS 53KHTH 5,
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§2. £ B

2.1 HAMBLURE

0B & LT NBS-464 B & &M ARV, [LFNEE LT <3570 0.3mEO#EHIC TIE L
oo —75, BEHEFINEIT D o OLERENITHR OBERKRI, TRORFRICIHT HERER
W (1000 g g) ZEEFRRT L LI >THW I, £ OMDORE, BERTXTHEED
RO DAV, |

2.2 BREEHMOAE

221 HBUEEDRS

SEER 0% 0.5g ZIFMEICRlD &b, F7avBLy R U1 1IEEE Snl%iA, &5
W CICERBRTTROBARE G5 1 £EBR) O—FBEHFM LI, VY RIOHEESE (=
Zv— ) IKANDL 100C T 1K

RE L, R 0een@eEsii- % 1 3% Amounts of 8 elements added to the

Fo DVT—HREEAER S S, B comparative standard as internal standards.
AMIRBB L UT P 52 F V) o= Element Amounts (ug/g)
FE3nlEMATHRIELY U ALV E
Cr 637
RS, OV AT VIEEFY
53 Z ) A CE o 182
vOEROWTHEALEIL, & 542400 Ni 1275
CoBKSFHT 2 kRmAT s LT As 182
Zr 182
A - =R Sihd 1= h
Bk RIE L oo BIRANICIIRG S NL, Nb 263
BREE O 0262 L b, EELOm Mo 363
DAYy MTIERE L, BT v Sb : 182

I =y aEicaA TR & L

2.2.2 AM(LFE0E

HE A OREFEEHIEBBNTROEEREMA S T L1, HBdEE & FERRicbF0
LAV y ML 7o

2.3 B L UHESRERIE

FREHANE = % v F — 30 MeV, EEEH 120 A DBETHREES 2 mD B &R THIBEES
WEHRLTHB T o7, TOBE, SkE K UHBHEERE UAREIEA L, KGTERS+ v
F—HNOEE T v — 5 —DERFK 5 en DALE ICEE U 3 RS Uiz, BEHE TRmE %
NZNFS LV TV =9 SEICHEE L, BERAER VS —icty b Uico BEHRERAIE
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§3. MEREEBR

3.1 EERMAEERC L EHESHT

FEERNIMPREE R IS L B BEHMEA T O ERRELI T O L S wnsh s, EBENTRD
W.g 2B U Z OTTROBAE W."g 2N L CHEBAE#EE L, AEEFELCz X VF -0
KRR CRIRIRS 3§ 50 BE%, EEEMITE EABTONIEETR EED TR SR
T 2RO A (R) & HEdEdE (R) IcoWTENEhRIET 5 &, FHHE W.id,

W.=w."/ [(R"/R) — 1) (1)

EWIHEFIHEENTELI oM, CCTRERBER T VO — 7 HERTEKD 5
h, COHERFEENC S TRERERCAHTE 5,

3.2 EEBMTRENEETHE

JBERI O 7 <2 =2+ VI3E L KITR Lo T 5 Cr, Co, Ni, As, Zr, Nb,
Mo BT Sb D 8 THRATFEEBEAMNTRITRAL , £, PEBETHEEL TR ) v 7 27T
R TH5Fe 2R, THOHEMRITROM T~ S BE2RITR LIz TOERICBLTE, W

% 22 Available photon induced unclear reactions for 8 elements

and an internal standard.

Element  Target nuclide Reaction Product  Half-life Principal 7-ray

(abundance, %) nuclide energy, MeV
Cr “Cr (83.789) (7,n) SCr 27.704 d 0.320
Co ®Co (100) (r,n) %Co 70.916 d 0.811
Ni ®Ni (68.27) (7, n) ¥Ni 1.503 d 1.378
As ®As (100) (r,n) "As 17.78 d 0.596
Zr “7r (51.45) Cr,n) “Zr 3.268 d 0.909
Nb “Nb (100) (r,n) “=Nb 10.15 d 0.935
Mo Mo (9.63) (7,n) *Mo 2.7477 d 0.140
Sb ®Sh (42.7) (7,n) Sb 270 d 0.564

Fe “Fe (5.8) (7, pn) “Mn 5591 d 0.744, 0.936, 1.434
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#1 Gamma-ray spectra of the irradiated NBS-464.
Upper and lower spectra were measured 2 and 15 days after
the end of irradiation, respectively.
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SHOFRBMTLE bEREOLEMHEE L2V b 0AER L Lz, L L, MaOER
e b)) w7 ATHB FeHSD*Fe (7, pn) “Mn DFEBKEWVLY, I TREET S
&t

3.3 EEREHELPERIS

Bk L7c & 5 IcPEEHETTR & L TI3 Fe A3 U, 55 2 RIUR LI RIBEWBERIG & L TH
FU7zo TORIGIC& » TERKT % “Mnid 3EDHUEHOKRE W v <2 5, L
L, COERTIZ0.744 BL U 1.434MeV F v =2 llIET A it Uiz, o BRTE
D HER L REBORIE N v =B E 2 RITR L bOEFHT S Lt L,

BRIGR A < BOEE D I L 2EREETRERICT 5 ADRELEX 5 BIGITX
BPELE LTI Cr OEBOBSICEE LZFHIRE SV, Cr % “Cr DERED SEET 5
A, “Fe (7, an)'CrUBICE > T Cr BERENINDBHET S &iciE b, L1t
Bo>T, TOHEDEERSSH UVRIELTEE, Thick3EE5EMHEL TP ILEND
%, COFEBRTIEYFe (7, pn)?Mn RIETHEH D Fe IBE AR D, X512 *Fe (7, an)
SCr RISIC & 5 *Cr OERBEFNCHIET 3 2 & TEOFEAMIET 5 &icLic, D&l
FEHVEOER DI BIHEE LTIECo & Nb OEEBDBEHER LRI NIEE 50,
TIN5 DA IITEE OEBH OZEEFA L CRIEERRT 50, &2V E—EE» Skt
ENBHD T Y < REFIF L TENERRT 2L VI FRBLE 5N 5, Co DEEIC *Co(70.9
H) ©0.811MeV 7 v <#pEFIAT 5 &, HATRICE S ®NI (7, 2n) *Ni KIBIZ L B
®Ni (6.10) ®0.812MeV 7 v < EER - TLEVWERBICEHENEIN S, TOBER
TE ORI IDE D DENSH 5D T, *NissEZE LTh 5 “Co ZHIETHIE < ORTE L #F
WTEBI LKA, TITREREBILDT, NidutERT 5 *Ni Z2HIE L TEhic
X BEEAERHETHIET B &icLizo —F, NbOERICHWS *Nb (10.156H) O
0.934 MeV # v =#313, WEEL LTWVS *Mn (5.6H) ©0.936 MeV 7V <#REEML > TL
FOVINBHELEL >TWVWB, LL, *Mn i B KE RGO T v <2 2 Kb 5 1
W, 205 EDOLHD S 0.936MeV # v D HFEEMB I ENTE S, Thif, Nb DE
B TR *MnDOHFEEZET| K FETHIEST 52 i Ll

§4. TERER
NBS -464 (K& &HH D 8 TEDOTEBFERIE SRR L. BEEMEOMEIEERZE 3 &
KT8ULITTHD, Co, Ni, As, Zr BEU Mo DZENSIE3 BT TH 7o F/Sh %k
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MW EEMEIET R TAEMBEBOTELL—HLTWE I EER LIc, Sh DBEERBAEMED
B2 oM TWEWS, I TERLAMMTEOELY SEHT NI, Tholy TEETES
BThoEHESNI,

% 3% Determination of 8 elements in the NBS-464 low alloy steel.

Element Concentration of element, ppm
Run—1 Run—2 Run—3 Average Certified
Cr 779 812 733 77540 780
Co 277 283 270 AN 280
Ni 1381 1379 1366 1375 8 1350
As 193 185 190 189+ 4 180
Zr 94.3 91.7 91.6 925*15 100
Nb 372 390 432 39831 370
Mo 276 269 21 272+ 4 290
Sb 16.7 18.0 18.3 17.7£0.9 -
§5. &

S EZEHEFINMPUEE R OB LI /W T 32—2 DA & LT, £ < ORANCEEES &M
D 8 TEOABFHEMEATZEIT->TH W, EDLIBF— I BIRENTL 20%2REE
Lico ZDRER, TR ICHEEOSWERESIRR S NI &0 ) EIXEKS 2RV 725
&N, TORBEBIILIco TS > CTHBEEWET 2 LEEMRTH B0, HEOEEREL
2EZ 3 ETCIORAREERERE LS LT NI,

A7 2 EETLTSNEAANR, SESERRATECEAL LTEREMEL TN
B LICIE>T0D, Led-T, HEOEEICWT 5k —f@llbksd 57— 5 2R L
T hdbEHFEsN 5,
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A series of rock reference samples, “Igneous rock series” and “Sedimentary rock series”,
prepared by the Geological Survey of Japan, have been determined by the instrumental
photon activation analysis using the comparative method. As the comparative standard,
NBS SRM-1633a coal fly ash has been used. Abundances of trace elements in the standard
were determined by the internal standard method coupled with the standard addition
method. All measurements and analyses have been done automatically by using a newly
developed system based on a personal-computer and a micro-robot. About 20 elements
have been determined simultaneously. It was shown that analytical results were reasonab-
ly accurate and precise, except for some elements such as yttrium and zirconium, abun-

dances of which were slightly lower than the presented values.
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§2. £ B&
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JB-3, JGb-1, JP-1, JF-1, JLk-1, JLs-1 8L JDo-1 DI6TETH %, HEEFEHT 1 NBS
SRM-1633a coal fly ash 2F|H 4 5 C &Iz L1z, HEHEHPOBBITLHRE L Tic> W THRIEE
PRENTV A DI TR, AEBTRE TEERNPEERC X ) LB ORBERE S
FToteo EBLIHEITLEE As, Ba, Ce, Co, Cr, Cs, Mo, Nb, Ni, Pb, Rb, Sb, Sc,
Sr, T, U, Y, Zn BXUZr ThH %, £DM, Ca, TiBLU Fe’d &DHENEREDEWT
Fbrbe TERL,

INoORB IO UHEREE/HZ T, H300ng% & - TEMET VI = v 2HIcA
A10mm ¢ <Ly MRICEE Urco B 3 B a2 1 @i, ARE A L,

2.2 BHEBELUREE
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IEEMMEST U7, MREHE, SR 7T vy =y s THERL, HBRIEROF VY —ITHD
i 720
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Z35+MCA ITHt L, =FEMMI~1( 7 o« oKy b RM-101, EHERIFM-16 85 575 %
HEMIESEEZH T rfRllEZITE - 7o, BEEN2~6K/, 3~4H, T~10BBXUV
3~4BE®D 4 >OREHEIZHT T, BIEZRVEL, ERBCHHTS rffe—7OSN K
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THELo £, BTICHERET -9 7 7 4 VOERETERO Y 7 + 2\, 7F— 5 38T 7
07T LATHRUIEBTELLICLTH S, BT 05 6TRET, BT 22~ b
PEET AL ERIEE LB FIET » A VEMER T 50 COBITA 7 7 A VEbEicE—
7 HRETE, IFEMIE, BEMEETOVERRT -5 7 7 A VIMERE N3, TBHETHTEER
BELTEDOERRIEFS N TV E, ZORIPOHBETOERER, BH75 v 2 X
DEALDOXIEEIERED 1 IRB LV 2 KB E LTI 1+ v b TE S, SEIZ 2B T7 4 v b
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3.1 HEEHOEERIAEELRC K 35

%5 1 %51z NBS SRM-1633a D305 & 1°20 MeV RS T OREHERIIAELEE I & 2 EBER %
NBS OREHE & 7 L \WERE T — 49, Korotev? Ik 2R & & IR Lo AR I BET
EANBNSVEETAINTED, FRAFALEMLTELI L s, HEMEFES VR
BIEREAT O D OEFRT X A HEBRE £ 180 20 b 5o ERBAIDDIINZr, Nb, Y BIU
THe> W BRI X DV EE LS EBTE B LMD 5o 20MeV TREXED
ETFI-T, 30MeV TN TEBERENSKE B> LHL, =Yy 7 ABEHESE
W & DI ESaEE TRIETE, Cr, Mn, Nb B&U Sc 3IFERIEOMIEE ¥ S
CEBTE B EDFE b & - 2o Ba & Ce T3 NBS OB I SGRE PAREFER ITHA
TOREWEETR LTV, Zr EE (hEFREMEA) &EREICR—ED S 501,
LN, REHEO S WITERIBZAEERD 20MeV & 30MeV DEREOIGMEEM S T LIz Lico
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% 15 Analytical results of trace elements in NBS SRM-1633a coal fly ash and
copmarison to the NBS certified and consensus values (unit = ug,/g).

Element 30 MeV 20 MeV Certified Consensus™  (n)*
As 140+7 142+6 145+15 146%4 (26)
Ba 1440+70  1303%48 (1500) * 1420100  (23)
Ce 170+5 1749 (180) * 175+7 (13)
Co 446+0.9 452+15 (46) * 43+3 (21)
Cr 197+£9 181+6 1966 194+7 @))
Cs 11.2+0.2  10.3%05 (1 10.5+0.7  (16)
Mn 182+1 179+8 188+15 @
Mo 30.1+1.4  29.0+3.3 (29) * 30+3 ®)
Nb 304+04 28.8*1.1 28 2)
Ni 128+2 125+3 127+4 124+13 (16)
Pb 64.6+35 73.1+4.2 72.4+0.4 7244 (13)
Rb 130+2 129+2 131%2 138%+11 (13)
Sb 6.1+0.2 6.710.6 6.810.4 6.9105  (14)
Sc 41.5+1.7 (40) * 39+3 (14)
Sr 817+17  825+32 830+30 810+40 (20)
Tl 5.910.5 5.7+0.5 5.7+0.2 5.3+0.8 (3)
U 9.3+0.5 10.0+1.3 10.2£0.1  10.3%0.1  (21)
Y 81.4+1.7 81.5%23 8216 (4)
Zn 244110 244+15 220+10 226+22 (22)
Zr 229+1 222+3 33080 6)

* : Information value, + : Compiled by Gladney et al., 1987, = : values in
parentheses are the number of analytical data reported.

3.2 AAEEANOLERICL B0

SEIT, DD Sz UTEERE L7 coal fly ash k% HBEE & LT GSJI B hiEHE
HEESIH UTco Cs TRIEBICFIHT % “Cs D 667.TkeV r§E & 152 5 O 1 D 666.4keV 77
DERLOWIEZRIT> 120 72720, 1 THIET BHiIT *1 D 388.6keV r#i& Y 225D 7Y 0 388.
6keV r DL DL bIT- 720 EBEIC, Nb TIRIEBIHET 5 “"Nb D 934.5keV 77 &
Fe 7 5D *Mn @ 935.5keV 7 $ROEZ O FIEERE L7zo 72, NaTld Mg RAI» 5, F7Cr
T Fe» 5 DIFENRIEMK S 0, HEFERBLUOMTREZ TN TEOEOREE IR 5,
ZDfe, NaBLU Cr DEBFHECRIFERIICOMIEbERE Lo TEEREE 2K
SETRETIIRLI, ShP TI RBEMES EBHRBVERBE D > 720 Sc, Mo BLU
Tm IOV CRERBERERETE UL 57, As, Cs, Rb, SrBXUUTREDHEKS GSJ
EOLE—BLTED, YHBLUZr TRPPDED DR Shic,
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% 2% Analytical Results of GSJ rock reference samples (Granitic rock) and their
1986-GSJ values (unit = pg./g).

JG—1a JG—2 JG—3
Element This work GSJ This work GSJ This work GSJ
(Major)
Na 25900200 25300 | 26700300 26300 | 30600500 29900
Ca 156490+220 15200 495960 5700 | 27300670 26900
Ti 1448 £33 1500 26218 240 2731150 2900
Fe 15400£150 14300 79301230 6400 | 267701330 26100
(Minor)
As 0.37£0.09 0.39 1.11£0.03 0.80 0.28+£0.1 0.37
Ba 496+ 14 458 80+10 67 483+22 453
Ce 49.2+1.9 47.1 49.7£1.0 46 42.8%1.1 42
Co 5.2+0.6 5.7 2.38%0.26 45 11.0£04 114
Cr 14.0E1.7 18.6 ND 7.6 20.4%2.38 23.6
Cs 11.8+0.4 114 7.6%0.2 7.5 1.93£0.08 1.9
Nb 12.0%£0.5 12 14.9%+0.3 15 5.2%0.2 5.6
Ni 6.0+£0.5 6.4 1.1£0.3 2.1 14.7+1.2 13.0
Pb 26.8£2.4 21.0 32.2+15 32.8 13.0%1.1 12.3
"Rb 179£3 180 300£5 297 66.710.2 66
Sb ND 0.06 ND 0.06 ND 0.07
Sr 1973 185 18.0+0.7 16 - 38517 372
Tl 1.2x0.2 - 1.8%+0.2 - 0.34£0.05 -
) 4.82+0.18 4.7 10.4%0.3 12.5 2.15%0.12 2.0
Y 28.610.2 32 78.0%£1.2 89 15.5%0.3 19
Zn 41+2 38.8 176 12.7 42+5 44.8
Zr 112%5 115 98.7t4.5 97 140+6 137

ND : not detected, GSJ : Reported values by A. Ando et al'.



248

‘# 33 Analytical Results of GSJ rock reference samples (Basalt) and their
1986-GSJ values (unit = g g).

JB—1a JB—2 JB—3
Element This work GSJ This work GSJ This work GSJ
(Major)
Na 20100300 20300 | 15500100 15100 | 20900200 20900
Ca 628601220 66000 | 680401460 70700 | 6590011340 70500
Ti 71391126 7800 68371280 7100 825090 8700
Fe 60800590 63600 | 9860014490 100300 | 825402920 83100
(Minor)
As 2.2%04 2.34 3.01%+0.35 2.98 1.76+0.06 1.66
Ba 510136 497 20522 208 21111 251
Ce 65.6+1.7 67 6.79%0.11 6.5 21.9%0.1 20.5
Co 37.7£1.0 39.5 38.6%0.4 39.8 36.3+0.2 36.3
Cr 4089 415 31.4%+3.8 27.4 60.6+1.2 60.4
Cs 1.18%0.06 1.2 0.810.1 0.9 |. 0.92%£0.05 1.1
Nb 24.7%+1.3 27 ND 0.8 1.8%0.5 2.3
Ni 1356 140 12.9%1.1 14.2 35.9%2.0 38.8
Pb 8.2+1.8 7.2 ND 54 ND 55
Rb 36.56+1.3 41 6.2%+0.5 6.2 14.1%£1.3 13
Sb ND 0.28 ND 0.27 ND 0.15
Sr 436+3 443 1809 178 416+16 395
Tl 0.27£0.07 - ND - ND 0.052
U 1.46%0.06 1.6 0.4%0.1 0.16 0.62%0.04 0.46
Y 21.1%1.0 25 21.910.2 26 23.7£0.3 28
Zn 82110 82 119+£8 110 115+13 106
Zr 110£4 144 425+1.1 52 71.3%£3.1 99.4

ND : not detected, GSJ : Reported values by A. Ando et al*.



%453 Analytical Results of GSJ rock reference samples (Andesite) and their

1986-GSJ values (unit = ug/g).

JA—2 JA—3
Element | This work GSJ This work GSJ
(Major)
Na 241001300 22800 | 24700400 23500
Ca 44170950 46300 | 43980770 44900
Ti 3790160 4000 391050 4100
Fe 41590550 42900 | 46230£1870 46100
(Minor)
As 0.72+0.07 0.77 4.55%0.15 4.5
Ba 345+41 317 3157 318
Ce 32.9+1.0 29 22.71x0.7 23
Co 28.9%0.3 30 21.6%0.8 21
Cr 408+11 465 67.8+1.2 67.5
Cs 4.7%0.2 4.2 2.2%+0.2 2.2
Nb 9.610.4 9.8 3.0£0.2 3.0
Ni 133%4 142 33.3+3.5 35.5
Pb 21+6 19.3 5.7£0.3 6.7
Rb 69.712.4 68 36.3+0.9 36
Sh 0.18£0.05 0.13 0.46+0.15 0.34
Sr 239*3 252 29011 294
T1 0.4%0.1 - ND -
U 2.1%0.2 2.4 1.1%£0.1 1.4
Y 16.0£0.0 18 19.0%£0.6 22
Zn 61.6%6.5 62.7 73.6+9.5 67.5
Zr 102£3 119 95.5%5.1 123

ND : not detected, GSJ : Reported values by A. Ando et al'.
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¥ 5% Analytical Results of GSJ rock reference samples (Rhyolite) and their
1986-GSJ values (unit = pgg).

JR—1 JR—2
Element | This work GSJ This work GSJ
(Major)
Na 30100300 30400 | 30100£300 29900
Ca 5240%160 4500 3720+90 3200
Ti 625+11 600 354£13 540
Fe 7950170 6700 68401310 6000
(Minor)
As 15.56%0.2 15.9 19.0%0.3 19.5
Ba 60£8 40 42+6 39
Ce 47.9%+0.1 49 38.0+0.5 38
Co 0.5+0.2  0.65 ND 0.4
Cr ND 2.3 ND 2.6
Cs 20.6*1.4 20.2 26.6+£0.3 26
Nb 15.9%+0.3 15.5 18.7+0.4 19.2
Ni ND 0.66 0.74%0.06 0.84
Pb 25%5 19.1 23.9%+1.6 21.9
Rb 2542 257 299+4 297
Sb 1.3£0.3 1.48 1.40£0.06 1.83
Sr 30.6%1.1 30 9.13%+0.15 8
Tl 1.8%+0.2 - 2.1%0.1 -
U 9.0%£0.6 9.0 10.7£0.2 10.5
Y 39.84+0.3 46 44.7%0.3 51
Zn 22.5%29 30.0 26157 - 271.2
Zr 85.7%£5.9 102 83.2+1.3 98.5

ND : not detected, GSJ : Reported values by A. Ando et al'®.



¥ 63 Analytical Results of GSJ rock reference samples and their

1986-GSJ values (unit = ug,g).

251

JGb—1 (Gabbro)

JP— 1 (Peridotite)

JF—1 (Feldspar)

Element This work GSJ This work GSJ This work GSJ

(Major)
Na 9200100 9100 ND 160 | 24700£200 26300
Ca 8355011440 85600 3880+123 4000 697050 7500
Ti 9150+120 9700 ND - 40*4 -
Fe 104900+1500 106000 | 550901620 58300 120050 -

(Minor)
As 1.0£0.2 1.11 0.33£0.08 0.34 1.4+05 0.96
Ba 81£18 63 ND 17 2070£20 1680
Ce 8.56%0.4 8 0.10%=0.05 13 3.95+0.24 4.3
Co 62.00.9 61.6 -139%2 116 ND 0.2
Cr 61.3%£3.0 59.3 305070 2970 ND 5.8
Cs 0.13%£0.06  0.27 ND <01 2.24%0.08 2.2
Nb 2.563%0.17 2.8 ND 1.2 0.16%0.08 0.5
Ni 25.3%0.3 25.4 2442141 2460 0.24%0.10 0.4
Pb ND 1.9 ND <2 40.0+x14 334
Rb 6.1£0.5 4 0.25%0.05 <1 272£3 264
Sb ND 0.11 ND <0.04 ND 0.06
Sr 335+4 321 21£1.0 <1 170£1 163
Tl ND - ND - ND -
U ND 0.15 ND 0.05 0.39£0.16 0.33
Y 8.56+0.1 11 ND 1 2.4%0.2 4
Zn 112%10 111 46.6+2.2 29.5 ND 3.2
Zr 24.1%0.4 33 4.3%05 6 35.6%+3.1 41

ND : not detected, GSJ : Reported values by A. Ando et al®.
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2573 Analytical Results of GSJ rock reference samples of the
“Sedimentary Rock Series” (unit = pg,/g).

JLk—1 JLs— 1 JDo—1

Element (Lake Sediment) (Lime Stone) (Dolomite)
(Major)

Na 7550+ 160* 53£7* 1280+ 150"

Ca 4890 %50 3918006300 2409004000

Ti 4000140 ND ND

Fe 49160 =470 60832 55090+ 2620
(Minor)

As 28.310.4 0.14%0.03 0.11+0.04

Ba 613£32 445143 ND

Ce 88.2%1.9 0.16%0.03 2.261+0.01

Co 17.6%=0.8 ND ND

Cr 672 3.0£0.4 ND

Cs 12.9%0.3 ND ND

Nb 16.2%+0.4 ND ND

Ni 36.7%£0.3 ND ND

Pb 50.1£2.0 ND ND

Rb 142+3 0.13%£0.02 ND

Sb 2.0%£0.1 ND ND

Sr 72.1+1.7 306£5 2*1

Tl 1.0+0.2 ND ND

U 4.1%0.2 1.610.3 0.7+0.2

Y 41.1£0.2 0.24%0.02 10.3£0.5

Zn 150*1 1.9%0.2 36.7+4.1

Zr 120£1 ND 0.5+0.2

ND : not detected, * : no correction of nuclear interference reactions,
*Mg (7, pn) ®Na and Al (n, a) *Na, was done.
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H2ETRIG 2DFETLHTIE Ca & Fe, MBI T Co, NiBLUZn TGSIEL D
F—BH SN WBTETORA—HRBFIWEENENT LILL->-TWVE, 2&TY MK
WEIAME GSIEE RS —BLTWEE VA D, HIREFBARTRIETEDOCa & Ti, M
BILEDY & Ir PR ED DR AR Lizo 8 5KDIJR— 1 EJR— 2 Tld Fe AP PEL
AR LR, ThEEETZ Mo o0 Mn (n, v) *Mn RIGIC & BIHEDFEERE L
TWh, Ffe, WENL Y & Zr AP PREDHTH 720 JR— 1 D Pb & Zn TGSI & DF—F
FEEMENDTH S, HE6FKD IGh— 1 TR Cs BWEELE LV RNVOEETHD, Pb, Sh,
TIBLVURRHTERE D>, JP— 1 TEERTEBWVILRIEE 51T Na, Ti, Ba, Cs,
NbBLUY 25Mb D, CsBEEELRILNVOBETH -, JF— 1 TREBRBERLLDOE
BEMIEL, Co, CrBXUInBERTEY, Nb, Ni®RUNBKELRLVAVORBETH - o
HT1RO ILk— 1 BAETEET 2B LARRTHY, SRIBELLTTDHRIRESITO
T OHEEE E LTRIL> T EBHIFEN S, Chicicwl, JLs—1 ®JDo—1 dAh v
vy AEHEBNEL, METEOTEOT LB >z ThbDOREO Na OFERE ZIHE O
WEZLTOWRWMETH %,

3.3 20MeV TOREFHEHMELAHT

20MeV JBEHZ & 5 HEHMEAHT ORIEEMIC > W TIZBLITHE LTV 345, TRETREA R A5
DE BN, ZOEDEEIET MY v 7 ATROBEIELL, BEESRBTRORHEMBES I
BB ER, WERRIEMIE BOHIERITERL LICERBTE 3 EORENSH 5, I T,
WL O DIEEE LR O Z21T - foo B8 RICEDIERZR LT,

20MeV TIIRKEIORIE IS 5120, EHABOAITECTALL, wIFhd 1[H
DAHERTH B0 Cr, Mn BLT Sc BIFERIGOMIES LICEEL, Nbid¥—27 0&EX
D DRHIETS LICTEB TE foo Cr i330MeV OBEICH~, X0 GSIEITEWVEZER Uiz, JIG—
2 D Co IMER—FE T, GSIDEIOVWTEHRNBULETHAH, ZLDILETGCSI &D
—E3E<, 20MeV TOMGMLRIEFITHENTH 5 T LIVRE i,
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% 83 Analytical Results of GSJ rock reference samples by 20-MeV photon
activation and their 1986-GSJ values (unit= g g).

JG—1la | JG—2 JB—1la JA—2 JR—1
Element| Thiswork ~ GSJ | Thiswork GSJ | Thiswork ~ GSJ | Thiswork GSJ | Thiswork  GSJ
Ce 43.7 4741 51.8 46 68.7 67 35 29 49.1 49
Co 3.3 5.7 14 4.5 40.4 395 28.7 30 0.9 0.65
Cr 17.6  18.6 10.2 7.6 413 415 453 465 29 23
Cs 11.3 114 8.4 7.5 1.5 1.2 5.7 4.2 21.7 20.2
Mn | 409 460 131 120 1180 1160 820 850 710 779
Nb 122 12 17.2 15 264 27 10.7 9.8 16.1 1565
Ni 6.6 6.4 1.6 2.1 138 140 135 142 0.6 0.66
Pb 264 210 36.8 328 4 7.2 209 19.3 18.9 19.1
Rb 179 180 299 297 39.8 41 73.5 68 245 257
Sc 4.6 6.6 2.3 2.0 258 29 175 19 53 5.2
Sr 189 185 16 16 449 443 252 252 29.2 30
U 44 4.7 17.7 12,5 1.4 1.6 ND 2.4 88 9.0
Y 28 32 82 89 24 25 16 18 38 46
Zn 40 38.8 9 12.7 104 82 53 62.7) ND 30
Zr 107 115 101 97 122 144 105 119 87 102

ND : not detected, GSJ : Reported values by A. Ando et al™.

§4. &8

Dlt, MEFREEREAAOEES LR LR, GSIELOR—HL, »oBE
SEWEZEEBZ LN TER, TOT EDD, AR TS L ICBEHLA TR © BEHlIE - ##
W27 2 3EBOREEDMT LTV DAT, ROIBILO T EBETFENIcEWD T EMN
TELW, BEBKT -5, ST -2, vBARI PVF—IRERET— 5 DT —
I R=2{bETTHEELEBIT, T—HN T YT s Xy b= EF0, XDEET, &b
R T — SRR ER T 5 ET, [BEMEATSEE Y 2 7 & | it < & 5 B ki L
TW5EIATH B,

e £ X o
1) K. Masumoto and M. Yagi : J. Radioanal. Chem. 79 (1983) 57.
2) M.Yagi and K. Masumoto: J. Radioanal. Nucl. Chem. 83 (1984) 319.
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BEDKLBHBELTVWE, ToXUOFEANIC 3RETH 5 AAREAS RS, KEFRIC
VEL 15 %, ERES L, 19854E 7~ 8 A d DELP '85 HAMEMMEIC B W T, BABAMER,
—/ BB TEHI100kmOEHET, ST, MWRAGEEAE, BLUERHEOAMTELIL-
FoREER, JuAR40°42, BUEE 139°03 i (351K ; HF-11MI50) THIMEIESBET T
W EBEE R R T EIE B 2, 513, T OHF-UMSMEICEIHC BB KILSEEL, Z0
YL, FEERANTOROT A VELBSIDD—2THS EEHRL TV S,

FRETE, Tokili7 ey b SH1IT0knEIMANICAIE 3 2HF-11HR T8 & huicilkhic
SVWTD, REFHEHMLEL Eic & 225 FWN 15 5 VMBS TRATRRERL, €0
HIBR LA BIC S VTR L B,

§2. ANRBEABENLU

SENHTEIT - 7250 (KLB) &, DELP'Ss BAMN#c\WT, BABARER, —
7 BIEOILFEH100km O EHE TR E N2 b D TH 5, < OHF- 1141319834 0 H AN
BHEOBFIBEIAIET 5% BV, BAEHRHEOBIFMIOBEICHM#ROEmE b 4
EHBH SN BT LERL TV 5o Bk 513 HF- LI HE OHIKICER200m LT OBV E
Hihsd b, = IHEBICKT L TERRENEL, LrbEES LEboLEEN>TWET L
EWEL, % h SO KILKPERS E O KIURBYED 575 3 EE 2RI L oo HF-11
ML COBRRFREREIZZ OB OFE T ORI N, AT W TR S 2 OBWIEEIF
HTHIERMEPLTHBLEEIONTVEY, INHLDEE,S, EESV I HF-11 A TH
o kiUibid, 7 OfHE T Ui B O BREEXI L OEHYNCHR T 2 D TH 5 & i
BWLTVB, CoKIDOWE R, EBOBEEALTH5—/ BIRXLOERY LILEYT 51
BEVY, AEMBREES TV LT/ BEKLERY» SKAIE N5, fE-> T, RKITKT
SOMTENTVB L ST, LOBEAIDSDHANS -72E LTH, —/ BEXLK D 32,
T2 b AAREEE TOEMCKIESOEY TH 5 L IIRREVWEYL, DIT TR, EES
IHEW, HF-11HSTERES h SRRt b0 TH 2 EEZ, TOEMHYE SIS LK
BEXLEFEE L, AKNEBEAEEKL (BZ 5 BBUKILEE  RFIF) LS LT b, K
Kkl 7 v v b 5170k ANCALE U, BNl W TR BRI THRRAS
F PR KILTH B,
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§3. S OERFIEHE

HF-11 Higic B W RIS Mo KD ORR 13 0.1~ 2 mT, Z ORI IC 3, Aoy
7 2AHEER (31.8% : R4 Vb A v vy -t X0 ESNEEYS, DITELUL), 84 (29.0%),
wEers 2EER (104%), Wi s2bLicah (4.1%), #EA (14.1%), ARG (5.5%)
BRER (1.1%), H@EEn (1.6%), 7v 35 vh (0.0%), ~EWHEEY (0.7%), BRERIEHEY)
(0.3%), EEE—FBEYE (14%)0BHLNTVEY, IN6DH 5, S RVTFhS
FET, ZEEREBDONTVEY, ThSDRTFOREESEED 2 KIEED D>
TR, BR— OBHEFRICHRT 27 VA Y RIIEREFROODTH L EERIN TV B, &
RSO EPMA SR, Zho8TNT, 7uh URIIKLED > O—EOZHET
HBIEERBIRLTVS, EBES T HP-1I #gm o X U thD 475 2 7D EPMA i<k %
IHFERERLTVS (B 1), Thickhid, SiO B352wt. %h 5 Tlwt. % Kb ->T
BY, ORI SIO BOL{LICH LT & — AR HERER VTV 5, KA ILEH

F1R ARNBHEHBEXLERYOILFMRS o

No. 1 2 3 4 5 6 7 8 8’
Name GL-57 GL-58 GL-66 GL-33 GL-05 GL-55 GL-59
EPMA EPMA EPMA EPMA EPMA EPMA EPMA XRF IPAA
wt. % ppm
5i0. 52.29 59.02 61.13 63.57 64.27 63.98 70.87 60.40 Ba 1404
TiO: 1.60 1.30 0.60 0.60 040 0.40 020 0.53 Ce 521
ALOs 17.56 18.38 19.38 17.66 17.27 17.67 16.19 18.64 Co 9.8
Fe:0s 213 129 1.09 098 098 091 0.38 1.06 Cr 144
FeO 766 4.63 392 351 351 327 136 3.80 Cs 6.8
MnO 0.20 020 020 0.10 0.20 0.20 0.10 0.14 Nb 7.1
MgO 369 170 150 1.70 150 140 050 261 Ni 8.3
CaO 848 599 39 379 329 38 130 5.78 Rb 159
Na.O 379 429 430 419 419 429 430 3.90 Sc 9.2
K0 259 320 4.00 389 439 399 480 2.89 Sr 620
P:0s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 Y 238
Total 99.99 100.00 100.02 99.99 100.00 100.00 100.00 99.99 Zn 155
Zr 195

1 - TRERESOICEBH SR>V T O EPMA SR TH 3, 8 S HIT-
HE X #Rk (XRF) X 3EMAD, 8 BABTBEHMLE (PAA) T X 2 HERK
DRI DVTORWHRERTH 5, 08, FHOHAIL Irvine & Baragar® D F ki
K DBEREE L2k, SEM100%1c75 5 X5 IcHE LR Tcdh 5,
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i 3RS & LT, A EREMNTD SNV, BRIk ko, AKX
SFMMO K NTH B EVWHIFHEE, THSHREDRIITFFITS %,

§4. HBOSHEL O PICHHTHER

AANBP BRI EHYNIC D WT, 3t XERAEIC L 0 LD TR OO 21T - 2o
$7, EBTHEHLEEHWT, Ba, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc, Sr, Zn, Zr B &
U Y DISMBEN TR EIT - oo SEOBEH LI IZ AL R R F R F I ST R O &
Fo4F v 7 EFML, 30 MeV DNBEEBETFEHA Vo HFTHEREZE 1 RITRT,
LSEOHHHER L EHES D EPMA AHER (B1R) LREFEBR—H LTV EH,
—BOITLRIC O WTHNEED FOEREBED 5N 5, RO icdic-» TE, KiLdbh S
ANYFEy 7k 05U KRB 0 > bEI A 5 AEER EH Wit OV L
TWB LS, KiltEr 5 AEEF OMBBEREED SHACEEICKR T, HETREV, &
to, HEEESVDSH VI EPMA S0 BEsEE F cBIE S W2 BB BT 7 2 HE S EHWTW 5
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g, ETEBRBLRE «c ZIEHHRE L LTRONE D TH S, 551+, NV L
1%, BpWELE, APIOEEERT 2 OlE, 7 v s vha, SEEL, ARG
DHRRHSRIEINZAL L TV B F i, EEHYIDE — FOBGEHNBEN NS OTEYNC
BEDOLNTVS, #-T, AEYMO~ I/ <hoOERIEFRE S v h V5 VvE>Y 2 — 54
bh v S R BENES AN AR E ~ARE N VY LA EDIETH 5

Ut S o & 5 BaBEYERRT 2890 OEIR, ke L T2 o, 5, Zh 6 BLE
BE< /< o0RHYITE S EEZL, EERKBKLICEY 2XRE ~ QISR EFRRTS
BEHEL TS, £7, EEKBIET S NS OBESE~EHEATEWN, ANy T
A VEZOLEEEBITEHLTWE I EMS, ThEDTEEWDELN, TV AYS
VEXREE< /b oNRERLILbOTHD, TORE, BRELTHINVI TVE ) ER
DEEE <7< BEL, < /<0 Il L BERE~SSEE RIS /it b1
THEH L7z EEm LTV 3,

§4. HAMOKHAEL D UICHIHER
BEEREBKEHNOS B, T YH s VRRBEROTIRA N TIVA VRIUED S
ZNZEN 2REHTO VT, 5 IR TREMEEIC X 2MBRA TR O Z1T - oo T
Jt#ld Ba, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc, Sr, Zn, Zr BLUY ODI3EBEBTHETH %,
A OBEM I WHRILAR R PR SRR DEF 54 + v 7 ZFIA L, 30MeV D E
TRV, AFkERELTIC X B ERAATHERVE &SI L RITRT,
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F 1k BEREREKLEHY ORERD TR

No. 1 2 3 4
Name Cl-119 N1-14 Nm-108  Hm-44
R.S. AB AB CA CA
wt. %

Si0, 51.50 52.44 55.37 58.86
TiO: 0.94 0.95 0.62 0.63
AlL:Os 18.47 17.58 17.78 17.51
Fe:Os 1.91 4.84 3.22 3.58
FeO 5.86 5.03 4.58 2.91
MnO 0.12 0.10 0.18 0.10
MgO 5.59 4.04 3.97 2.69
CaO 10.09 8.44 8.46 6.67
Na.O 3.17 3.64 3.25 3.85
K0 1.93 2.41 2.11 2.86
P:.Os 0.42 0.53 0.46 0.34
Total 100.00 100.00 100.00 100.00
ppm

Ba 551 575 606 779
Ce 33.9 43.6 39.5 47.0
Co 26.2 20.7 17.3 13.1
Cr 70.5 21.4 29.7 155
Cs 2.96 1.97 3.32 7.97
Nb 3.7 48 2.4 4.2
Ni 54.0 7.5 34.4 3.9
Rb 65.6 89.7 66.0 139
Sc 19.8 19.1 9.8 14 4
Sr 585 640 766 561
Y 24.9 24.4 19.1 19.0
Zn 55 71 7 59
Zr 86.6 82.7 111 140

FERSILTTIT & BOHHEDA HO 20 &8 100961075 2 K S IcHE Uk
BTh b, WEEHTERSEVCBEFHEHMLEC LD EB LERTH 5,

AB: TAN A VS VERRESRY], CA: Ay 7h )R
§5. FIAVUAVSVRLTRELHIVIZIVHURILUEDOMETEER

SESMT L1 ETED S B, a v 35 1 TATETH S, Co, Cr, Ni, Sc (HB2X)
12, —EOREEMUEROEYIcB VLTI, &%, SiO.0HME & &I BB %,
K5 %5 L5z Co, Se, Crico>WTld, —Ib, HEHBEMWEEDERKETESTRET
BBH, NUTOWTEEHHRL S, T18bb, TAAVA Y VAREREEI VI TR
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PSS EOSERET, R INETRBLEINTVBEDTH 5, TEDH B,
BOORLTHEOBTVH YA VS VELEERERIT, BIKEBINVT TvH R
THb,

VRIS &3R5 SI0:-Ni b LY FERBOWTED, MELET A Y 2 vy S YELXRER
FPED Ni g, HEREEAVI TV VZUETONIELD  Z LV, ZOXHUBHTHR
5&, Cr, CoZLT, MnOic2W\WTd, mIBEHHEB ANV TUH VRGBT S5Zh
SOER, TV )ZXREPHES PV Y FOEE XD b, X0EEBEMicTay bEATY
5ERBTENTES, DX BWEREBEIAMM, FRAFIXLICBWTHET SV L
TAREHNVITUH)VRIBELCBOTRDONEDLFEUTH S, THbE, Thina
VT 4 TVTTER, BT NiOBENL, TAHVH VS VEERELLORER A VI VA
+EEEL TEEARAOMETH NS T b VESRBERIE < /<2 EB T EME LW &
ERLTW3,

BrcillioePpstEf L cwa Lo ic, BEREXLEHYNICET 5, Rb, KO tWofcf v
I VT 4 TVTCRIEE RS ORBROMBELERLTWS, Tabb, IhbDxkid
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TNHY A VS VEERED SEFELRINENE—HHINLz0b, 7Ivh ) RIEKEZL
BISOHNG T IA)RINELEENEFEAEHBNET, ZORAI VI 7Vh ) RIZLER
THUEMLTWS E3IRD, itk hz, 7uh ) RIIERER LIS THKA
DB B720iT, ThBDA v a VST 4 TVTROMIIRME T T 57.HTH5 &
IRL TV 3,
SERShiaTRERIC LB L, —MOTRK, K Nb BT VA VZIREBOTIKA VI T
Wi ) ELEEBTIE, Si0. OBy, BUL > ICEmL TV 3icdhhrbb T,
VEROLREELINEDP SN NS TN ) RFIDOERBELRILNENEBD LTV 5, ARkOHE
BB YIZBOTORDOND, §8b5, Y REHENOHEGRHESKE Vv, RS
PLRIUBTTIRIBEALEEENLET, BIF—EOEER S, TV VERE LA NVY
Th ) LLEERERT 5 &, HEICEETEVWVEEZRLTVWS, Nb®Y &V -7 HFS 5T
FRANO~OATRHD LFIRTH 5, 1-C, ANAPMEOMBEE L bICRTEI LT
0, TNOTHOBB TOBRERLETSELILARETH S, HL, ANLGEEUHE
DRERMUERMHEC o7& LTH, TAH VRIIKBT 2 BANEEE N v 5 VAT BHE
LAXREERUE» S A7 T H Y RINCET 5 5 @A A EEEL » v BAESEZ LS
~E, AEINDRY Vo TRICRONE L) BMEBEOEKTIRI D 5 50 E S H IR
Hbo DFD, TAHVH VS VAEEREEANI TAAVEIEEDRICRINSTEDSE

TIVA
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ppm wt.e
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TR AYS VERREE, AN TA ) RIS L ORICHIE< 7 sk 2HEED
BT TR E M RET 50 D&E LT, Nb-RbERE (B4R 2BF5I &0 TE 5,
BARIC IR, Th Y RINOEKREBERIUE» S H V7 7k ) RFIOERERI LGN E
NbiE? 07 Rb bET L TW5, HiZ Rb ARG ~NDOAIMR 05U T TH D, FicAIaD
SRHBERANAER L7z LTH, Rb, Nb & bIEWA NI Th VRIEEZZRLDEL
Rb, NbB% b7 H RINERED S—HOERMUERTIES C L RRETH 5, T4
bbb, MEE, BWVREN LR E Nb/RblkE b Wb~/ <iclkT 2 LEI SN
%, FEBOBERZE TiI0:- K0 iKW THEL TENTE S, TDHEIE Nb—Rb K3 S HARE
TRV, D, Th VRIIOKEREERINEDP S NI TV ) R OERERIE
A& TIO DT 5 & & BIRKO dF LA L TR, WMEP—EONFERIEH OEY
ThHBEEZHTEFELL,

D&, SEOAWHERIE, 3V ¥F 4 TAREOPVTH, 4 VI35 4 Tk
ZoWTh, TVAVI VS VREREE, ANVI Th ) RAZLE &0, BiEaE~s
<ICHR L7 T EARE LTV 5 JLiBE SN AIE 3 2 FIFUKI LS, BEEREXIL
ke 7 v VRFIOLRA E A NVT T v ) RINOZE~TRECE D 578 50 /M S I3
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FekilizeBwTid, 7oA VRIEREE DNV 7k ) BHZIEDRID A1 59, Tk

USRINIKEETRE o T H vy 7V Y FAZLE T & B i B R TREE R,
ML, BESREORE LS /IR T 2600855 EEWLNITLTWS, T1b B,
MREAKILCE, 2EHOYRE, 2MEOZE, Z UTFA 94 b LRBENEEL, 5
i, TS NTHHEE), MRINICE WY L TAER LD TH B EEI TV, FlR
Kiie B 57 A VRIIGREIE 7 v 7uh YRS S, EBERBEEKC, W<
DDA VA VT 4 TATRICEWT, TEL SR IE~E2FE UTHEIR, v LR
ROZLEEEER VTV B,

Boid, i, ThoOBERBTA va vy ¢ € F 1 OFWTEMO S —F L
TVWBI LIRS, B26L, FRXNIEEYORFEMEICE, ZhotRhicBLT, BA LD
DOREFEEMH 2 D EHEE L TEH Y, FIRALICBVTE, BHET LD/~ RgE I,
< 72 U CORFEWASRY bh b EBRRTV 5,

WEFNIZ LTS, JtBE~RILAMNIEIRROESRE, FRALE Vs 2kilicBuTa,
HERNCRIL B = I<ICHRT 2 7 VA YRPIRBE & H v o 7 v U RFIRILE & s
HELTVWERTEMBHE L LB T, TOED I, FE—kilicBwT, BRRa¥E~< s <icHh
KU EHESNBELREE AN TVH VRINEED, AVICHEREICHET 26, BUcH
JEARMEL, FRALFNCBVWTELS LSS TV S, FMIOKLTO 7 vh ) KREIC
S HNT TN NV RIEICOWTOERRDOEZHBRD SNl T LT, HVI Ta )R
UrEDREZEZ 52 L CTEETH 5, TVH VLRREREI ANVI T LA VHEICBVTS, v
LT A MRESEE LRI, BT SiO: THER LS, Ni, Cr&W\oka voys o T
RBHNT TNAVRIETEIDEVE VIR D 5, 72720, Rb, KEWoledf vay
RNF 4 TVTRICDVTIE, YL TA MBS LRI, TAaYh v s VAERKRERY
DEICHE LT D&,

§6. A aVNF 4 TIVFTRICDODNWTODEKIL/INS—

85 RIcERRKEX LB O A v 3 voe5 4 7ATHRICO VT MORB KL/ & — v
R EERBKLELE, s L TERE-/vy—vERLTVS, KB, &
EBREKLUEHYIET VA ) h v S VEERE, ANV TR VERIEEBLUT, £hi0k
7 ey HMilichiEd s Lokildd b KO IEATHRYD, BilkgikRohz kL7 o
vl SEIRIAN & K0 DI g AT K S fE> TV B, Fie, ZOHIL ey — i
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Rock / N-MORB
T T

Rock / Primordial Mantle
T T T

100 4 100}

1 1 1 1 1 ' ! IS TR S WU N |
Sr K Rb Ba Nb Ce P Zr Ti Y Cs RbBa Nb K Ce Sr P Zr Ti Y

w5 EEKEXLERYO MORB HBIRILE & MG~ v b VIR,

BRET AN A VS VELKRERIIT, ARV TR ) RIEE TS 50
HILANIS AT A S h BRI 5 — v Th b, F LW Nb 0ERE L, HFSLRICH
T3 LILTEDEELERLTVWASY, 2L T, YOHIIXILT, Ce® PEV, BIR™IE, #
BRKEDTNVAY A VS VELEREEN VI TIVH VLU 4 BI2>WVWT D "Sr,*Sr AR
L, 2 5h80.703 &L, BEDHBTETHSHILEERL TS, 2T, TNVAIA
VS VREREE I VY T VA ) RIS EMRICRS HE~ I <ip SIRELIE LTS,
& B3 L o HIER LR A T 2B ICHR T 5 D THH T LERL TV 5,

W RBE, BEEREXKLEHYE, thoRItAMMIEIIR O ALE & LT,
WS O DBEEBEEER > TWE, T, EERBXLERY TR, MORB THIR{LL %
A Ba it LT Rb 5EV, —fic, BIRY, B, Bkl e v - iAozl
foXLTiE, Baicxf LT, RbBEVERIDED N5, EEREKLEHY) & EIBEDHER
BARBEHBEKXLPR, FRALYE WS ZEIEEART o & S H AL AIE 3 5 kil
BOTRED LN S, F1z, AABHEABEXNLIPEEXL, £ U TEBREBALIZBNTI,
4 vavy 4 TVTEROERY v VRIS — v ERB L, CsABRbIIK L THWE
HNBED N5, 20, Cs/RblOHIMAINEBEIML T 5B, 2% b, [ CHRILAININFH
MElo K icBWTd, ZoFIMlE X kil7 oy MlilokLoiziE, 4 vayvt5r47
NVITERRI Sy — v izBuAB Y, KOHEIMATR K, BaicxfLT, CsPRbICEATY
2, THRBZ 5L, WABRMEDEVOATEHRHATES, v/ vOREME I 5K
FEEER L bDTH BAJREEHAKE Vo
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§7. BEXBOTINAUAVSUVRLRELANI 7T IVAURLE

Bhic, I sick->THEfManTwWa Lo, TVAY A VS VELEREE, Ao TV
HVLUETE, &40< 7 <OMMUcES LckROESELZ 5, B, migEsFEic, b
V5 VAREAEEEARDREAINIC L DML L EHEI NS DI LT, BERAESL %@
APYO HEEEL + v VIR ORHAINC XD ML EELTE L, ThbT< /<RIl
DMEEEDERED S 5 E S ik & CHIS WA, ZLEFESH V2 7 v ) RPN ORI
TALRRRE % & - FJRRDS, E@APIa ORH L BEICEE L CO AR ARV, 3b5,
oo, Ta YAy S VERREDP S, HRANEETEE T AR LD, Avs
TIUAVFILREEE LB EVIELAEZT AN &I, Rl ) BBEHTH LV
W, FPEDRT AN T VA Y FINCREBI TSI LR O3B A BT & & OIS R BIE
HOMRTHBET A0 DEL BB 5,

TNAYA VS VREEREICE VT, SrASio. oimckwiEinL Ts v, F72, Eu
BESED SNB0OI LT, DEE~ /< Tl, St 0R8EED P, Bu BB PRD
bh, HBETERELOREARONESKEh o TSN D, TBANLTO 1 212
AT FREEN S Nb A Rb IR CHIANDBEELRLTWAE &6, HEANA
ORENIHENBE NSO THD, ThELbBROMELOY VIER, LEHEA, $kik
WEEPE> TN TH > Tc EHEESI NS,

TNAY A YT VELERER, ANV TR VREIR]ENRT, &0 LILGRIKEATEH
0, WEBER—EEIE D > OHNERMEOBVICE > TERE N bDTHELET B,
TNAY) Y5 VRLRREDHB L DEVESERED & & TR E N &t b, lED
A FERERRE B VDD - 1o & D AT 5,

e b ic kg, EEXBEHYIMICEE ST 3 BESE~TRERES <, AREA
YUVABE~REREN Y VABEPR LS, CTHICHANESIE (HalEE, & v 5 U ABRHE
B~Y 2—=54 b)) BIRE, BICSF A MBETE, 205, AEEEL VLA EHE
BHNT T YR YRS D S ORBABREEREL, 4 VS CRBRMESEST VA YA
v VRLGRED SOBHAMMEEREL TVEEEZ BT ENTE S, IR LILKILEE
IR SUERMEAE S SN LT, Birs, BrcAlias SEEREKILE YR 9 1AL
AL B RE R R LARE NS Vo BZ 64, HITFERICBY 5, JEHITE
BEGTTORMEAIMETH S EHES NS,
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§8. BhYIC
EEREBXLEEILAMNIIC s W TR SEIMINCAIE T 20 EoXLTd %0 AKLEHY)
oW, TAAYA YIS VARERE 2, Hvy 7uvh VLS 2O 4 JiconwTk
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IR SN BB KA O Z ic—E L, BEARREIKIDED 5 5, &bBEIIAEY 5
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LB IR THERSD TR OMEZ L EmE S, HUOER~ v b VicHkd 2R 294k~
7= SIRAE UTcAlel 2 S RIB LTV 5,

NBFHEHEATIC B0, BRI OMARNZES -, TESTHE S hi VRS
g, BOoCIRSAF v eV I V=70 h4%, BltKESH A 7otua VRV —0D
R EISES, LS 13 UOBB O A 13K BHERIC 1 - 1o, ILE ARSI
%, RKERFLSTIE#ELICE, AWEEED 3 & - b EF-> CHEE, Halx#ts»s
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WSCRERISEE BRI (Nos. 62103003, 63460048) Z{HH L7zo LI EDH & 15 5 Tic Y
BT 50
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DEEFEL, WEATED low-K TH B0 LT, %% @ medium-K andesite /e 2, <H
WXt LT, &0 EIMANCALE 3 5 FR KT E R T 555 £ 139 X T medium-K andesite 12
24T 5, oKD S ORI E ARSIy IEREERICET 505, —Hic
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BRE) Rhl~T VA ) RIPEDBDFET o T b Id medium-K 781 U high-K andesite [ZfH24
3 %, high-K andesite I2¥H2459 5574 13 medium-K andesite D437i 9 2 Mg L T 5 2p
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b Basalt Si0; =51.00 Calc-alkali andesite si0, =55.00
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d Basalt Si02=51.00 Calc-alkali andesite Si0;=55.00
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f Basalt Si02=51.00 Calc-alkali andesite Si0O;=55.00
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g Basalt S$i0; = 51.00 Calc-alkali andesite Si0;=55.00
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B ENEE 23D % o

Rb (3 K0 & RIBHCH AN & BN L Tv 5, KRE~RILECBVT, FRALT
iR - CRERNCBES LA > T0 5,

Ba b, FHCHHEHICEV TREIMANCEREIIEML TWEL, Avy 7l ) &ZIEHE
TRERKLFIDE SIENER D Sh, RO Cs iTEWEB %R LTV 3RS DH 5,

Cs (3—erIMER & U TEIMANCEm L, RrcB@RlyiEfic v TRIEE IRV ED
RBOSNDB. HLU, FzH VI TUH VEUEFIZODWTHIAL A5 E Cs K Rb LB
BEHER LTS, T7HhbL, FMANEHFHENL Tws0oTREL, FRALIICE
WTERBES, HIMAcEnT 5 & & bic, FREBALFAIc ML TEY, —foa v
NF 4 TSERICED NI EB & 3, BRALFICHEES U b % 2 TR EAED
EVHEHAERL TV S,

Nb EHRIEAMINC B W CIRIBESIER IR, RSB ORD S h it wgs, HH
RN DS L3> TOBRTRE VL 572, TREMITBVLTS, A2 7k )&l
BBV TOHIMMAN L b TPIEINT 2@ & & b, FRAUFIEEIST LT, SH—
BeKIFAN I BERHRD 50, CsBEEESITHRFICEZRE, bzl
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THRGRESED & W R Z RO ATREE AR a0 BERKIBNCER TS &, kLFlicip -
7T OREZEARD Sh, CRAFICBVWTOA VY Th YRLEHEICB VT b%0E
REEFETROBENE L, ThXodbflls o e~ EEAET LTV 3,

Ir FKPRbBLEETRBVINE S, HIMAIANEHFEINT 2@BZR LTV 5,
Nb &H75 0, HFRKULFN BT 2INTIA - 7B S ZELER 13380 S h i,

Celd K® Rb & » 7ot & R E A LRABOREEZR L, WA BRI LT 5,
FrcZREHITB VLTI, BRAITICB W TN - 72Zb03 S h, Jbbs SEIA & B
DBEB->TOB, BELFEE ZDIAICZBEOF v v 72D 51, T TABICEEN
Wo>TOB, AN TN Y ZIEFETE, FIi~E BN s@EmE & i, HRK
WrlicBwTld, 52, LEARIETROEL, ZOmt~NLE T aERMSED 5h, <
ITHEEavs—okL7a Y MIAND YT FBEET B,

YiZoWToZbidd £ DIE TRV, bFhiciFlfil~EEnltus i s RA
%o LREFICBVTE, PROVBE, LERBEIETEL, BltMEFLTWA L5,

GBI~ v b VRO THIRRAL U1 Ce /Y HUZTFAIAN & BT L T W 3, 2 DfEIE K
7 ey MITE LIEL, FMAANE 5T, B2 T AH VREEIB LT IRER
KILFIT, ORI EEISVERSRED SNE, BEa Yy —0Kkl7ay Mil~Doy 7
FBFEIET B0 Ce /Y HOZAIZ KO &\ b DRFBIIIEA v 3 Vo5 4 T EDEE)
ERVIEBIZRLTHY, 20, % 5L, HMAINOESEREOE TG L b
DTHH D,

LREHICBT 5, IR~ Y PV CHRRIE L7 Nb/Zr Hid, Kib7 o v MilcR b5
<, 2%EMATHY, HFMANE—E 1T OEE T Lic BigkLahEiic s » g,
B, 1 ZBA5EEZROCE->TVS, T1bb, Ce /Y DEEIEEREL Y, HILAMNIN
TOMR< Y P VORMSERCRLTVS, TREBICR SN AMERIEH V7 78 )2l
FRICBVTOEBRCED SN, KiL7 ey MllPR VRSB WVESR SN E, LT, &
ZRUFNc BV TR EMTICBRESS S, Ercdbf~EBEBECED LTws, Nb/Zr
HoZEAbid Sr RN AR DIABIIZAE® E ROSHEER LTH D, #ili< v b L ORI
W7e v i, zoercbBIAMIEATRGT YY) v F LEbDTHEI EERELT
W5,

ElKILrE B3GR = v b VIS & 2L Y5 — VITBWT K 8 5 0N St D IERE %57
TOPRHTH B0 £DL D BREOIRBNZLER B iz, 1< v b IVERIC X 25
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ERlicB T, @Eh S OMHNICEE T 2 cHOEICXTT 5 IERFE OREZE 2 XK/ (Nb +
Ce) 532 XS, (Ce+7Zr) ICk-TETIENTELS, KRBEHICET 5 2 XK/ (Nb
+ Ce) HIZHMAITEZAOE VLIS RA ZBLBNEILOFRERHED B> ED LTV,
72120, Ao Touh VEIEEICBOTIE, HEM, COEEHIAA~EENLTY 2,
ERFCERKILFNC B W TR EHINe @ 6380 2N %,

—7, 2 XSr,/(Ce-+7Zr) ik av bilcRbE L, HIMMA LD 5 EHR 2552
Hohd, BL, BOOERZA NI TAHYEZLUEETREB-> &0 LTWEY, THEHET
B oHEcREL, kibve v rEicRbEL, ROWHRBEICHER>LRSILbH
kDb LB,

§6. BhYIC

SEIOKEHT & - T, HILAMIIELE XA EROEBIZ LI I NhE TEZ STV
PIEiciEMcd 2 T EMBHSPITE - foo EBRUR, 1. RBHZLZR I THRICIZERAIK
VAN 5 boofthic, BRALFICRiEEZ b5, ZOMINEED S 50 I3HINYT %
TENSBTE, 2. BRKIFNBOTIR UELEKILFNITHR - 2BEZEESRD 51,
BE~ZGERBEERE O LUEIEBOWTEL BATENEL 4505, 2OKE, BEDa Y
F—F OB VT, KihTva vy Millcy T rLTWAZ EBEVWI E, 3. LREH
DIRTIRBIZ L & Z el D H v o 7 ovh ) RIEEFEA R T & ORI dE WEREASEEY
5NB, 4. Kiloduzid, —/ BEBKLOX ST, WL 2RIk E W T—REIER H
SRELIBTNAEEGODLDONEATEIE, BETH D, 5%, Bl < DERES %
FwT AR, COX)BEBNELOMBREEIC O W T TABRICANLLEND 5,
TR L NE, STRE O LnRBERARTIEBRNELR, 20Eh, EEO5E
H, SOERE, 2 U GREES Y M VOREEEDRENZE, 55V INOBES LI
BARMLUILSDTH 5,

RHE L VERIT 2 DICEBE 1 o7, 2L DOF— 92 HTIKd - T, FILKEZER OB
FHFEE L, BESPHH SN \KEBBER, BoVRSIAFv I « xYVYIL—T DA,
BILRZEY 4 7 v b o v Rl€ Yy —ORREERRE, 1LSFREL2 I COBB 0T £ icidk
BRI - 7oo HILKFEEUHEORBRYEIR, BEEMSIcE, #Efkicbic->TH
BHEE, FRFEHERERVLZVTOVS, 108, KPR O—Hic KERER B &
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LA NS A K IS AN O 7 1 ZCHE X O 3 H

LS S

HHRE « HARH—HS

§1. BULBHIC

PRI BRE D & 5 KB R LM E ORI E BT T 5 WSO HED S 5o
GIPDHBRITR LTV B & D T, HA2EOMBHS TROMKEHEE THAT ST LTk
D, —EOKEESRTHEEZL N Ly B, BREMUERIR X 2 b0k, HEISGERYE
R L B OEAERIE OZ LItk 5 b Db, HI5VIET I TOREICLS b EFHI
TBIENAETH B, COESICENRREES 3 V35 4 TVIETERERD A Va5 ¢
TURTERAEEENTH 5, CHISHLT, 1 v a v 3y o TAnRBEEEHEAEDE S
TEicky, BEWEICBY ZRSHERELOEVERII LY, BABRMEORNERL S
CENTERETH D, B AREMED SIRE Lo I E BT 5 EMHREE LS, BED
A v avs 4 TUTERBIL Y — Vi3 FOREBHBEDTDH 5,

Alldgre & 7 DILFERFFEE> 13 % N E THRITHRINITIT » T~ 7 < RIRYE O LA
LSRR OHEE, <7~ MY SEEE, ¥ T 5 (inverse method) ZZEH L7co
B oDHET v & 2 HERE (process identification) &FFEN, ZD#, WL 2 DOWEH
ME SNt KRTIE, TORIFTEEEETHEMLES & & - THHT L 72 BALAIN IS M
RKILEFICER LR EHET 50

§ 2. EAbAMIMEEALXILAELE

FLAMNN AR BIEERTH D, W< » OHESN, HERYEEER ORRECS
DEED HNTWV B o HIHTKIEHRBEORRES 3 Z D—D>TH b0 Kuno”ic & 5 3 XREH
ADHER, LIZ S £ DORIRIEINIC O W TOFEL WIFRIZ IR I NS - 7243, & « B
)l SPBEALANENK LA O LB S EAHEZR A EP S, HILVWERETFT—5ICH
&S KB O BRI O M IEE - 720 PSR ChE THERILRICMEST L%
AshTWizkl7 e v b BS& D EEMNOER - TKLFicd 5T LERL, TOHL < FH
shzzkil7 e v B0 TRE, FEROBRKFICHEL T, LD KiZLWw= 7 <05E
BLTWVW3 & AR SHIc L, Sakuyama & Nesbitt® 3HILEARIHEIHE K IEFHOMER
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MEERL, Thodmdbkil7 e v b OKLERWT, HELEY 2 v Y3V P URLD
BAGROEY Th 5 L3 Ulco Shicx LTHI SYRBHIEZEN, SRFN T — 5 iIcEou
FRBEALAMNIIOH L WAmicd - &0, BHOREMBLREZHET 5 &ick D, FILA
MEIKILEEEER Lz Y = v V= ¥ VGO RGBS EET 5 T L2 FR L,

BB E A TS T RIS IELR, MR ORERARLEE LT, BT
Y B EICKILEE ORI IS E0E, HrEtEy, SKILOERFH « MR EFRRE
EHOPITT AEERED TV S, TITRZNSDHELSBLNILT—FICOWT, F'o
v AMEEEERT 5, BERICE, Skl TEsh T — 2 2HVT, &Lk
HBZEA LR IR OB T RO ZEITV, HKILIH T 5 SO THIRIL L clk 25159 50 &
Kl B 3HE~< 7 < OB, FHENICSI0=5H5%IcB T 5HEER VS, COERY
LT A MESTICAHNY TIUH)RIFECS>VTHHEDORE AT 50T, WIhDERIC
SVWT bR GNFEOREINSVETH D, Lhb~ s~ OREMUERORES BN
VR T Bo ATERFTIC IV 1 &KL OB | s R o 5 1 AHTH L SO,
BEILETH 5,

§3. ToER¥EE Oshima-Oshima & \/ A
N
Hofmann & % OIL[EHFEE 1 ‘ Osore
& B—ED < 7w D{LEMRD 5, L
) H koda
ZO= e rE Uyt~ <& o
BEYIE O LR 5 Cic SR Monyoshl ‘Nanashl ure
o ALa Hachlman i
B EBINCHERE T 2 HE%EREL < °mp” At Iwate
MLTWVW5B, DTS D AFEEE )
Nd 5, T DFEIL Allégre and Chokcu
Minster 5 DFE*® 2 ML, & a
Gasscn AL AF ta
KILLIcdDTH 5, M A unag%
(1) BIENKILE DR 55 ~+37 A%o —%—
EALEROBRERELT, i)
N
P~ 0~ DR E RS B o “a

o .
@ BONL—BOMET TR ooy s dmmmE LB 0.
SWT, WEISEWE,» 5D BB LE/AR, A THWKkLERT,
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EATERE SV THEERER &, THbBRIFHERETT %,

(3) A~ 7~ DRI ES Ui o LR Ak D 5,

(4) »B5BIITHEOBEZHEC LT, FEWEICET 28T RIBENL 5 Iy O
REERET %,

(6) 18 5N AEURE» SHEEFEYIE OIIHR ZHEET 5,0
HEMUERAOMRERET BBELISNZ, ThoOFERITTHRET, HEENICEET S, C
CTR—BICEREO <7< BHV SN2 0EIE (cogenetic) &3, HHE MK % R - /iR
VB h bFEA OMDERMED & & TR S hic—8 D~ /v %2iET, TO L) BEHROFEICE
HTXBEVHRTIREBVY, RO 7<IicBOTREMEBEEPEV, va v, sF 4 B
F 4 EREOTCRBOB—ETDH 5,

FPRUNC, PE T OEBMEFMBERE L, S 7 — 5 b8 Emii, &
LW T 5 LTk » TRBESMUEROREEZMO KR, MAKD, ZL5IWD T 5L
YMOBH S, L—) —MUERZREL, Wt~ vicBY 2MBITRIRETET 5, L
<, Allégre and Minster?® 7" & & Z¥|FEM (process identification diagram) %MW\ 5 C
Licky, —EHOYE~ J < PG ISEEE D SR ANEMEDOS L THELLSDTH
BT EEMRT 5o CO7 0w AER L CTRIROYIE= 7 < 235  BIT D LT D85 4 —
SIns, HBEBOA VIAVIFLEYF 4 b OTROEEERREICLILLEDY - ADOKE
IR TCEARR P BN A 5 T EBTE B, BRI, B o vy ONRGRHD St
BB B 28R EHET 5T EMTFEEL 5, HUDOEKRFHEE Sakuyama and
Nesbitt?h8fT» TWB L, HSI3A va v s 1 TR ETay b L, 52X —F %
HELTVwS,

§4. FAREOFIE

(1) HREMAERIT X 2R OBRE

R LSO A L BOHEE : CORERRIED < 7 < BER LIEH» o EF LT
KT 5 TR LIS % Z D= 7 < OMRITINA 5 C &Ik » THIED < 7 <l
BHT AEEDN L1 5, A ZSYMEOHEE MBI EE ORI OMBZH WD, &
ETcRELEHESNIEEMEAVIZD T 5, AT, Sakuyama & Nesbitt?23{i
RUKE (B2E) 2HVE, ¥1E~< 7 < OIS DML U 78 SIRES 5 8L
bbb, KBTI, BKUFOFE< 7~ E LT, Tatsumiet al *OEZEH W5,



305

H2H HEEMUEROSREEKRET B DI AW EAREOMEK E 7 h S D AEIRECE &

ey < 7 < O™,

Name 01 Opx Cpx P1 Mt AOB HAB OTB
Si0: 40.0 55.7 51.9 48.3 0.0 49.11 49.39 49.71
TiO. 0.0 0.2 0.6 0.0 20.4 1.01 0.85 0.74
A1:0, 0.0 0.7 2.3 33.2 0.5 15.45 15.70 14.97
Fe0 14.1 13.6 9.5 0.0 78.6 9.42 9.76 10.57
Mgl 45.8 28.1 14.5 0.0 0.5 11.59 12.05 13.08
Ca0 0.0 1.4 18.9 16.1 0.0 9.66 9.43 9.00
Na.0 0.0 0.1 0.2 2.4 0.0 2.54 2.33 1.56
K.0 0.0 0.0 0.0 0.1 0.0 1.09 0.34 0.28
Total 99.9 99.8 97.9 100.1 100.0 99.9 99.9 99.9
D values

Sr 0.01 0.03 0.08 1.80 0.01

K 0.01 0.01 0.02 0.11 0.01

Rb 0.01 0.02 0.02 0.07 0.01

Ba 0.01 0.02 0.02 0.16 0.01

Nb 0.01 0.35 0.30 0.03 1.00

Ce 0.01 0.05 0.25 0.13 0.20

Ir .01 0.03 0.10 60.01 0.10

Y 0.01 0.20 0.50 0.03 0.20

SYBIRE 1 OL. 41 v 5 YA, Opx. #15¥A, Cox. BAWER, PL £iRA, Mt #
Vi< 7“%%203 FTNAYH VS VARERE, HAB. 7NV F%RE, OTB.
VA AT =1

D valves. SYBCHR%
ZORE, BRF—BALFIKILE EBFRKLFIOY LT A MZoWTR, oDV LT A VEH)
< 7R ER WS, BRKLFIOH VY 7k )RS EFEKLFIKLEE >V TR
TN FEREEYES SO EBRVE, £ LT, BEXKIIICODVWTRERTAVIV AV S
VAERREBEYE < 7 < OfRER VI,

INODOHES NIWE~ V<R EEET B2 /<Ol EZHVT, ELRICOVT,
KD & 5 B HBEREE o
C(@) X Fi+ Ca(@) X FetCo(i) X Fot....... = Cio(2) (1)

TG BEBD< S =hTORSY | DEET Cu.() B~ /< DRE, C.(i) 1389
athTO iFHOBETH S, T LT F i a DERY, FRIERKDODERXTH 5, —ik
RS ORI O L D b ZVIBSITRROBRIARMBOMEBLZ I LIKn b, Z0
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513 Wright & Doherty®OB/NHEEEH VW S, ZOFEIRBLTE, EROEEHD
ShER > SN TERIDINRE S EES 55 E DAEE & Tl 5 fcdic, BF, FNTHEDOA % H0
%0

P~ 7 =ic B 2MEBILHMR O E - EHET 5~ /v~ DHREE L b7 icwE~ =
POWMDESNIGYDORE, Fa, Fb, BEBREDE, T Sl40HE~ <t BIT 5
BETHFMEREHET 5 EHTEE LS, COFBERERT S~/ <Ol SROL—1 —
ABWERAIRET 3 2 EI2 & DTS,

C/Co = FOV (2)

CZT, D=F:XDu(i) +FoXDy(i) +..... Th b, D.() Faicovcosdy,/ <
ZRIDOTTHR i ONERE (B28) Thbd, RIIEBKRDOBTH 5, 155 nBItA NI EHEmEL
X2V TOFE< /=it B 2 MEBITEHERESE 3 RITRT,

2) 7o ¥EREFEFRED T R b
Minster and Allégre® DA% WT, MHBERON REA®) 2LITFO X 5 ICBRTE 5,
CG) = GG / [Di) +FX (1 —PE)] (3)
T TG WEFEYECBT 2k i 0BRETHY, PO &
PaXDu(i) +PuXDs(@) +..... TH 5o FEEIZA va v 854 TN THR (H) TIEDH)
=P(H)=0 & B35, DR

C(H) = GH) /F (4)
L1%, F=C(H) /C(H) 2HWT, @R 5 FEHTLE,

C(H) /CG) = SG) X C(H) +1G) (5)
BELNE, ZoRickVT

S@) = Do(@) /Co(i) (6)

1G) = [GH) /G 1 x [1-P@] (7

EIE HEINLPE<IS<DA va vF 4 TVTERRK.

10 11 12 13 14 15 16 17 18 19

No. 1 2 3 4 5 5 7 8 9

CA-55 CA-55 CA-55 TH-55 TH-ES5 TH-L55 TH-55 TH-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55 CA-55
Sr 181 253 208 214 179 222 187 208 236 214 198 194 204 191 307 648 410 321 572
K 2072 875 1922 1785 2372 2095 1527 1771 3458 2595 3316 2709 3674 3410 3866 5064 6602 6249 9353
Rb 2.5 2.3 38 26 1.2 59 2.9 4. 86 7.4 12.2 6.4 17.3 12.0 9.6 28.7 19.9 18.6 36.4
Ba 95 113 148 177 1 68 83 68 80 123 82 93 95 113 240 37T 246 241 332
Nb 0.6 2.1 15 1.6 28 1.5 0.8 2.8 1.1 1.6 1.9 .6 1.1 2.0 1.9 2.2 2.1 1.4 2.0
Ce 63 54 56 52 85 55 39 1.2 63 6.4 95 61 7.0 7.7 12.6 234 17.6 14.8 24.8
Ir 26.7 15.3 28.2 31.2 33.8 28.1 21.6 32.2 41.7 40.6 48.5 31.6 39.6 39.4 49.0 56.4 58.9 44.5 53.4
Y 5.7 9.3 9.0 12.1 9.6 11.5 11.8 13.4 12.7 10.0 13.4 123 11.0 12.9 18.0 15.1- 15.1 10.7 1.4
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THD, SETRROPRIEROER LI TH B, b L, —HORKEPEESERERYED
B URHABRIEORE 5= /< Ths (i, MAERATIATED 5 X5 THAT,
FRTOZ I <IEBVT D) BELL, Lebd PG dHLOEHET) BailE, T0k)
BF—%+ty MG TES NHEMER o

COEIIBRER VS Lk -T, B3O/~ OERFENEVGRFETS 5L 50
5 ANTHIENTE S, THDD, LORMEHE S </ <BOMETIMAE CH),/
CQ) — C(H) | (TTTh, 7ot AHEREFEST &Y S) LTERER T TH5,
T12, TRTOEHVA va v NF o )54 2R¢nH (H A4 7nk) BREWERE UL
51 E ORIINTR—EDBERER > TV 5 LIS h 5,

Jelcrt S U HEANBIRIHES KT > W TR 7 < ORIER L, HIEkE LT
Rb 2RI 2 BICR o 5 2 RICHEEOKILEMRAD DFI L TE Sk~ 7
OV TORE L bz, F ) VF VOMBRERVERSRL TS 5. ¥~ 7 < DHEER
% ORENH D, ML b—RICEY SNEFENHTL L TOBRTREV, 1, Y Y
> DIHRIE LT < DIEE S 555, IMBOWEIHIET /< OMBAKE Lk
SNBTEHEID > Bo MiC, Sakuyama & Neshitt? OiFRP 5 bbb &SI, Higas
(LAEOREAE L LT SNINEE= 77 DA ¥ 3 V57 4 TATIIRAL <5 — 5
EHETHIOMAR (S10,=55%) AMV b D EAEMITRBL BV EVIFLGH D 41
DEHEBL, 41 UF VDT — s MRS EOEE, FHEICEVESNIYIEY 7 <RI
ENTVWBTEERLTVE, TOTERD, HIER 7 vORFEHERITYT 2K, SO &
BHRSLTS & O I IEZHE U e BB D WD F - S B o), T ERIHA 5
T EBD 5o
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Wy TANERY, & L CEMASHE~BEXXNTNICOVWTDOF—5Thb, 51514 Vit
BRAUFNCBOTEETEY LTA MV EANVI T YRFIBEEEATV S,

H2M 5, HILAMIA S 0B >wTE Lt~ < iRAREL, kilive

v MAOBFR —TKILF)E S CIRBRKLFNICEYT 2 D &, HIHIOHKFSER S FicBiEAL

TicEd 5D Eicnd o, WMESK ETRE S 2ADEBREH T EBHS P E 5T,

REWIEA v a vXF 0 TUTHRICODVTOD, PIE~ 7 <EERV Tab 7 o & 2 HE

M oetEans, Kkil7 o v Mkl S icEIIREKLic > WToEg () &l (D

DEEE 4 RITRT,
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(8) M~ 7<= ORI EES Ui o ek

SeD@)F (MR TTL BHTRE PG) I ZFEFEIE OB AERIC L 2HE< 7 < DERKIC
Hle-T, WHESNEMS W TONTGHEERLIC K > TNELIETH 5, PO—E
DO LEHAHIMSAES (THhbb, HEES 5 VIIERL) KBY 3BT, TOEA,
bL, v/ OERICKEL TEBENZEHOMEY &2 OB - TWAES, H5VE
HETEZEAICR, PQ) 204~ /< OERMESHED CEERBES C LMW TE S, X
Bz, BBV ohOBAIZOVT, PIET S < OMBELES DICBES TN IO
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EHBITHEICS VT OWHERIK P TOLENRHRE P ZFETHILNTE S,
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H4FR 7oL RHERD S8 NERT &2 Np SHE SN~ v b VIR 5 TIT v

DOECAREL

Elements Sr K Ba Nb Ce Ir

Volcanic front side I -0.001 0.0013 -0.001 0.127 0.221 0.058
S 0.005 0.0002 0.011 0.667 0.116 0.021

Rb*=0.61 +SE 175 332 38 0.2 1.5 6.5

Co(i) - 462 - 3.3 2.6 10.0

-SE - 761 - -~ 12.2  21.7

+SE 0.892 0.069 0.420 6.123 0.169 0.133

Do (i) - 0.096 - 2.183 0.302 0.205

-SE - 0.158 - - 1.415 0.445

Back-arc side I 0.029 0.0017 0.028 1.794 0.662 0.033
S 0.0009 0.0001 0.002 0.445 0.022 0.017
Rb*=0.35 +SE 5.8 122 8.4 0.06 0.41 4.1
Co (i) 7.8 197 12.2 0.13 0.50 10.0
-SE 1.9 518 22.1 - 0.62 -
+SE 0.065 0.010 0.018 6.025 0.009 0.071
Do (i) 0.007 0.016 0.026 0.057 0.011 0.174
-SE 0.010 0.043 0.048 - 0.014 -

I: 7o HEX EOEROYF, S: BUL, BFEOER, CG): 14~ 7 <R
YBIC BT 2R, D) Wt~ /S vilREE I B 208G, +SE —SEEE
55 CIRAIREICB XIFY, 7— 9 OB EEREDOYE, Rb  EWEH O
H¥10ppm & 75 ZEORbDE, T DEEH T, FIEEER S LR sk o
— L EPBETHBIEETRT,

(4) EFRIEIC BT 2 HEBTRMEORED
RNNERVBZ LItk ->T, ROXEB B,

GG/ GH) = [1— PH)] /I7) (7
CORP OB LI, 1G) DEE PG) DEED»S, EEWECEY 5k HORE Icx
THELR I DBECHET S EMREL LS, (1) K59, dL, IG) > 0 551
PG)<1,I10)<0BoFPG) >1, 2LTIG) — 0 OB PG) = 1 THBT &
DHD, THODEEERSRT v FENCE T BEMSLEFVERRT 5 EAHkK S,

A7 SEE, EEUEICBY 5 TRBEERE S LEERTVINLE S, & LESER
EBEZ onnid, b SEBOERIOHT 28ty — v ARV D+ 2.0 EMETRET
H5b, 1, BEVHICBI2HTROEGEBLHAEIRET S &k, ZoMhoTE
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DREZFTET 5 EPAREL 8 5,

(5) FAEFEME BT BNV ONTFREK
H6)&E(T) »LROABE SN,

D(i) / CG(H) = [8G) X (1—=PE)] /1) 9
CORP SEFEMEIC BT 5, TTRHOWEREIET 5, &uRIC>W\WTO/NIV7 OELR
MASTET 5 ENHRS, BEWERIE~ /v DERICE > THBLTLE D L5128
EEHFLTVWAEELLNBY, UK, FHEINE DG) ORT 5 —vizEINn PG) O
Ry — NTERRICBE LTS 5,

(6) I DI
FEFEME DNV 7 DHTRBOERP O,
Do(@) = D.(i) X Xa + Du(i) X Xo + ... (10)

I =X + X + ... an
HBELNE, TNOORERVT, BEVHEHENRT 2M0EEY, X., XuZHIT 2T
EAHRE, L LSS, RO LHDEBEDE D)/ C(H) ThH->T, D(i) TREW
iz, ThoOREEBICHE T ERIHRITV, 2L, dL, GH) DEZEET N,
HA0A S Do(i) ZFET 5T EDHRETH %0

§ 5. EALAMIKILEBEIZOWTOFERER

LR LB 2o - €, BB > W TF T - R EORBE S 3 R L%
4 RITTRT o BRii~e & 5T, BEANEUKI LB > W ORER IS, BHCAREIKLESE
EHEURGES <, o2 ER BBV T, 2F0ER DS EERL TV S,
B2 DEEOREYE CHETSE LT, FREFNDOEFICOVTESNISEIDHEE, Z
N5 E W TEHE L RS B8 3BTRS S T, RWE KT 2 0EAKO
BEAEEABICRLTH b, INODEDFHEIHI - T, R~ ¥ e d 5 Ir RED
10ppm E755 %575, Rb OEEEHEL, TOMEMVTEITRICOWTOFERE (G3G))
755 AR (D)) ZEHE L7z, Thbic20 T, BEREDIROEEICS>VWTD
FLTH B, DT IN S ORERICESOREREIT Yo
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§ 6. FALFMIMEURLKXILEREY Y MVICHITIHERAEEDEFE

& BIEEDIEER - 1A ABFH KT T 5 < 7~ O bPHESRFEIE 7 L — MER
ORI X B, KILEHRE O, Bt KOEGHERETREINE A v a v ¥F 4 T
REFBOWINTH 5, Tomita BHAFEZHY 2 AR TCORREICB T MM E 7
Wi ) BOZALEGD TR L TUk, 20 &> 2B 5 56 T OB i > \\WT i,
ZLDFERMBBENTE I, TORKE LT, 6k, FicHlfichn»r-T, <~ VE
PO IISNEET HEESERL, o, MABRESETLTCVARETHEEELZ LN
T&EH, PISYE, ChoiimA T, BIAMIcBY 2~ F VZ D b DI D
FYBEWISEAT BHRE 2R LTV 5,

Sakuyama & Nesbitt {3 BALAMEN 2 HERk 3~ 5 REM 335 K1LIZ D W T Si0.=55wt. %612 #
AL L 7o Br Rl e VT, ¥~ 7~ o E#HEE L, Kil7 v v Milw ¥ bV TRD,
Th, PhizZVPEATVE DD, ThoSHPLEDHEN <Y b b SR A EME CE
Uh—H#D< 7 <IclkT 5 LB, £/, HFSTENZ LVWDIRTF ¥ VY OEFEICHE
R 20TREL, vV b VZOLODHK Lo TH LI LE2FRL TS, ZLT, <
7= ORFWIE & LTI, Zr,/Nb Heb 5558 U7z N-type MORB#EE < ~ b VIZ X 5 THk
D LIL TGRS LU Ic= Y b AVEEZ TS, £, Dn%0.001, EE <~ b LD Sr 8 %40-
50ppm ERFET 5 T EIC &k » THRLNAETRIC D>V TONERE L, Z ORSEEEL T
3, FRAIHEROBRRMICE 26D TH BT LEERELTWS, —F, FIS2RBRRE
B OMBITTARE W THIE < 7~ O & Z OEARIE, 756 IR~ v b ViR
DHEEZITVY, BALAMEIC 31 2 KIS OKPZEAL BEBERME D A Ta <, B~ Y
M VHERRDARITE N E SR L TV B EEH LTV B,

HILAMIIC B 3, EREBETOA V3 V35 4 TUTREEOKELLIZBEETIRI
WAR 59, HALAMIICET 2 XRE 3EEISEVWIEEK ERb X & Sric,
RRE ST LTK ERDIRBU T EE PO AR LTS, o3 hit~ s/ ~DRKEicd
te-T, =¥ MVHRTHRLU IS KIL T o v MITIE S — 7 B3R, FIEITIR 7 o2,
FTH- Tl THB EFERL TV S, —F, BHOVEFRKLINCETZY LT 4 FRY]
YREICRONE A va v ¥5 o TR OZHEMEEH U, R BIbA NI inE 3
ZKLTRERKNFTNICET 2icbhhb oF, StEMUEICH LT, K, Rb A58 W ERHS
b0, Sr, K, RbBEZHIRAIL S — v 3Bl KITIDO D EIZEAEHMTH BT EE2R
LTW3, 7, EHFOSVRBBIKLUNS ANV 7 VEREERE L, 208Ky —
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YHRIR Y BT OCREESEDZNEEULTVE LRSI LTV S,

INSDFEER, k7o v MIEEIHIBVWTE, =7/ <D Rb/SriticEdbb, —
iz, kb7 e v rilccolkavha <, =, FIMITRIOEPREWT LEZRLTWA,
x5iT, Kili7 v v METTE, FMERC oSk E v s <, k7o v MEEDR
b,/ StHAVNE VW /2 EHELTWA T EMHB, DT END, HEE - FHVIZ AL =
Y MR BOWTE, Kili7 o v MEEOMEEEE Lizw 7 2ickl - T, I & @R ORI
FHEME R - o S NEBI LIc & E R 1,

SEIOFERIZ, FU &7 Rb,/Sr &R - 72kl 7 v v kil SEIALKILE & 23,
Rb,/Sr-Rb [ Lic BWCHHBIC R 5 2ARDER LIcD B LeRLTHED, MERELS
FEWE P SHE LD TH BT EMNHB, 7o AMER ETO b LY FOS5EEE, St D
ATH L, Ba® CeltBWTHIHBIIRAD 5, KioWTh, FHHRESSHERTE %, -
T, BACARMEUK LSS A Ui~ v b viddisd &b, Sr, Ba® Ce &V o 7 LILIT
FIHELT, Hohic, REEHEEELTVS, —F, 2ok, FlZiE, Y, Zr P Nb
EWo - HFSTEIBI LTI, v Y FONEERS E DTV,

Kili7 m v MK, Tabh 5, FRE-BKILZIA v 7ovn ) RE, BRXLEY vV
TARBSCIRANI TAYRIER, 2D YavXF 4 TVERIEDVTOT B &R
HERET, 2FKELT—EAD LY FEBWTWS, 2O LY FETHERKLFIY LT A
FREDBOESEREERT ($b5, ERb) i, BRKLFIA VS 7vh Y ERE
WESERE A RYT (B Rb) MiciURE b, BRE-BAKLFIKLERERKLTY v T4
FELEBIROEVEOBMELRIERIC Ty FERTOVS, FRKLFEK BT
ESHNITNAVEEY LTA MVB—EOBER LT oy bEaNbI RS, WEZILED
FE< Y PVICHERT B 6D THD, AV ThYRIEED, RREEE ey v ER
B3, TR EORRICED 2IRMITAE LD TH S LEFEINV. —TF, Il
kil B EAR EoiRE LR SEABREOE V. (ERD) flic, BEXILFZIXLE R
W (ERb) filicrmy bah, HFMAINE v~ OBABMESMET LTS LT EELLE
TN TH B,

§ 7. HILARMIMEIUREAILEEERET Y FIVICHIT B HERREE-ORKER
BlckRfz e 7o HER T, BRCOZ—EOYES /<, 20508380 %
JEYIE D> & D—E O TRRIOEY TH 5 C EABITHLTVWS, 7ok 2HERICBNT
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i, B BILEDONURHS NS W&, REMEOMK GG &, Fig, ey b
SNFEBOVIFEICEEE L, —F, ERMEIESTERNC S > TERY 29HD NV 7 O
AR A N5, kil o v Mk EFIIEL E Dffics 505, 7 0+ ZHER
Feo b vy FoER, UIRESEFMEORS TR SN S, KT, Sr, Ba, Celz2W T3,
[EAMEATHE CTE LS BR B, oy, kb7 ey MIEEIIM & TR, vy 05Tk
B, ThoOnRIc>WTKE B ZAMREN, T7abb, HaEalcdic D IHE S N8k
YIRADSE L > TOWCAJREE DS I R E W,

kil 7 v v MUKILFRZE < v b VDR BRI O KR EBEEIL, Rb P KITHE LT,
Sr & Ba iKBi9 2 A EUEHDIER T RE W ETH b, DR OKE X, Sr, Ba, K,
Rb DIETH D, %0 &> EHRMEHAER S BEIMOEE LTRREAPETON 5. ANAIK
SWC HHEIAZ S, Sr, Ba, RbICBIT 20E4RMEE T 545, OB/, Zr, Y &
Vo TRILDVT D, BOSEREERE O UEND 5" BRAFER <~ itk 5
Zr, Y &\ o feeRIC BT B OTREA Sr, BaBRICEWEEARTIERISD L T A0,
PE- T, HEES NEBERUFRER< v b VSRS AR, —EOMAERIC S o - TH
RHE LTRIEADBEEL TR I EEERB LTV S,

SRS OBFERKLFHER < v b LT, Hlflofxs Kilgle o e Bigkilzikileg
FEA R L o v b VSRS IR, LILAICEL, Zr, Y &EF - K HFS el T
BOBEOAER VLY A FOBAERICE L THRENAEZL-TED, TOXIE
FE= v b v SEEALKILZIK IEEMER S i T EERR LTV 5,

gAML 7 2 v FAIEFIAITIER, DL, FIETSeBELZICHI-T,
B v b T BT BESTERIEOEOHEAE L EHES N A, ME ORI~ ~ by
R E Db DIZbEMRD 5N B, IR~ ¥ bV O E IR, RETEERGRE 5730
B, H#E (Rb) DEEERET L LIckD, WHEZIETS I EWHRETH 5, 54
ETI3, BE< Y MCBY % Zr 05 10ppm 12785 K5I Rb DfEEZ R, IheHWwT
FE< Y P VBEEHELTVS, FLARRESNIERP LS, CRETREDNTOVE,
Kkili7a v MUT, RbIZX LT SricEs, —F4, FMIT, Rbicxt LT SricZ LW A
FEHEMN D, T, BIKLES—BRcE->EEb05s, HFSIZ LK, LIL IKETER
Bkl 7e Yy MITAEIEITOED 5N 50, METRZORABRPWDLELLLITH S,
K7 e v MITR, BETY PAVEDOSDMSrPBallEATWADIX LT, HilfilT
3, ZO XS EMIZIE L, I LILAHFS I LTEve LT, St LAKPRD
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VU TEVWER A3 B 0 Nb OB L TIRABIAK & Wicwic, Nb OREE SR~ v

FMZBWTEEBLEIPEPEET ST L LV, Fiokly oy MR v bvics
WT, Nb OEEEBEAT S EE2WBICRTIEIEVWEDE ARV, —T77, HilMlics
W3, NbAho HFS seikicst U TERWERNIEFEA RN Do kil 7 v v MR~ >~ bovic
BIFAEVWSI P BagBERIR, EYY MHRERZOSOMBEEL TV, H50i
Do THELTOW I EEBIRELTWS,

AN BV, Tokdiz, k7o v FMlEFIME= ¥ b VOB AEEBHETE
ENa LEMT, SHPECKILIEE O E 15 3 F RS O KIS TR AR O LR IEAS
Booh, ZhoOERICESHRISIREMENRS Lol S hTws®, 70, Hfk
AV VT4 MEHNT TH ) RIEORIC &S RINAHROEZRSRD SN 5 T LD
5%,

Togashi et al® FHALAMEI KL 7 v~ FALKILICES 2 KREHOBBRESI TRIE 5 U
1 Sr—Nd RN ER U, £ 0 S EITTHAHRR B & SRR LD 5 6, K DS
LizbDE, Dz oFLEODRLREIEERLTVS, 51T, FHbid, Thbd
M DE CISIR = v b v 520~ 10EERILIRICB 1 2 ARIER OBETE L2 D TH
BEHUTVE, Bk~ kdig, kL7 e v MRk 7 < SR ME TR oI,
oY~ s =, fIEAEEE LIKEEL Y v 5 Va5 O—EOMAERIC L D IRE
LR 2B ORI LT V0B, L d, ThoBRENANICIRIERERL, Bl
DOps, TVY v FLEODET, KWEBEERLTWA I LK%,

Togashi et al. VIFEILAMIK L7 2 v FilkIIcBW TR S0 5, EIEWE BT 51
BLizbons, v v F LicdDE TOZRBEMEHEBIEZHIAT 6 €7 VERLTY
5o zhicktud, Thoidded EREMEHEERM T YY) v F LictBoiflE< » bvic
BT 2b0THYD, Zho20~10FFLIRICHEC - 728 ERERIC L - T, —EOEEY
BizoWT, FRREHERORBILSEIT Lz LB TV, Tibb, HERMEHERNICRE
SNARNGEMT, WHEISIBR Y M VITBO TR » SRS RSERERIC L D EL K,
—EOEHE <Y FVRICET 57 DBROERTIEIGER L TWB EEZ 1,

2%, BALAMIKL T o v MK, BAAEMNEUKL 7 vy P RREFEE L, fHR
AEEUHELGREEY Y P VITBOT, BIMEERIPIBICE S - 22 BERIERIC L - T, B
7, 7ok 2HER TR NS &S B—EOREWEMEL, Zok, FERIKEST, T
DEEJR< ¥ b Vip SEk A STREOAARE (BL, & 5BEL EOWHERME) ObLT,
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2 V= EERT A itk > T—ARDER FITFED, L bEREICREE R — DA~
T BERENIFERTH D EEHI NS,

§8. BhYIC

FicB VT, BN B 2 KLE ISV TT o 2HEEZ RO E T > 720
7 OfRER, HibAMIcsVw TR, k7o v PlEEIE T, R~ bVlE S i
B ERMERICEES U S DB WA T 5 C EMH S LS o Teo ZDIRAL LTA,
Kili7 v v MIlTRBEAEETH v 5 VEMSER L 2ot LT, HIMIITE, EEo0
ZAERIH VS VESEOBRR UER, Yot 2 ERETHBICREL S L Y FEHI
Wico falBEl B E L SN B,

HL, —AH7T, FRKLFIOER~< ¥ b Ve TIRFEMAMRE O REEENEET %0
-7, Fue2MER LT, FEEAMNLKLY o v rMilgE< 75 —ROERRER, <
NoO< 7 <R LEERR~ v P VOBBEORFEEZR T OTIEAEL, 20~10FF/T & #
EENL—ERIOBM BT 5, RIEAEEET 5~ Y b Vip 5 OMSERO—EDOEYH 5,
BUO</<DERT 5L VWO ER LBREOERTH S LiEHE N5,

FREEFRT B DIERE B - 722 OF =9 2T H T » T, BILKFHIEHFOPA
MgiEt, WESVICH LN \KSRH, BOoTRIAF v I « YV INV—T DA,
HiL RS M 7 0 b o v Rl vy —OPREEEE, 11552 dUHBBOH 2 i3k
BRI - 700 FLRESIHEORNBRZER, WaRMEE, #FRicbic->TH
MRS, $AEBERRVZVTVS, K LD sichic-Tid, WEREM, B8
B LICEESEERRETEV L, 4B, AWRO—Mic XA FEHAEMEE (Nos.
62103003, 63460048) %fEH Lico PLEDH 4, 125 ICHRICEHT %o
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Development of a Liquid Helium Target
System for the “He( 7 1ageea, X) Experiment

O. Konno, A. D. Bates tt , K. Maeda* , D. J. McLean TT,
I. Nomura, Y. Sugawara, and T. Terasawa
Laboratory of Nuclear Science, Tohoku University
T College of General Education, Tohoku University

T School of Physics, University of Melbourne

81. Introduction

The comparison of ‘He( 7,n) and *He( 7,p) cross section is one of the most sensitive
tests of the isospin and charge symmetry nature of the ‘He nucleus. As 'He is the simplest
self conjugate nucleus, it was thought that a complete study of these subjects had been
made. However in the last 10 years, measurements of these reactions have shown a cross
section ratio R,= ¢ ( 7,p)/ 0( 7,n)of between 1.5 and 1.9 at excitation energies Ex below
30 MeV”. As photo-nuclear reactions proceed predominanty by electric dipole (E 1)
radiation, the large R, value is thought to be due to isospim mixing between the 7= 0
and 7= 1, J"= 1" states. However, Coulomb effects can explain about 90% of the R,
value. These results suggest the presence of a charge-symmetry-breaking nuclear force in
the ‘He nucleus®.

A liquid helium target system has been manufactured for the ‘He( 7 g, X) experiment
of about mentioned physice motivation. The purpose of this experiment is the simultaneo-
us detection of outgoing protons and neutrons in the puasideuteron region, and the
measurement of the photo-neutron cross section of the Giant Resonance region. To provide
a target of adequate thicknss for this experiment, a liquid helium target system is
necessary. The system should meet these requirements: the sample walls and beam
entrance /exit windows should be thin to minimize their background contribution, the
boiling rate of the sample should be as low as possible to minimize uncertainty in the
sample thickness, the lifetime of the liquid helium reserve within the cryostat should be
long to minimize refilling and consequent interrruption to data taking, and the system

must be reliable.
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LIQUID HELIUM TARGET SYSTEM

. MOLECULAR SIEBE

. LIQUID NITROGEN TANK

. LIQUID HELIUM RESERVIOR
. APPENDIX

SUPER INSULATOR

moQwp

MYLAR
WINDOW

Photon Beam L
>

Fig. 1. The liquid helium target system.

§2. Liguid helium target system

The liquuid helium target system is shown in Fig. 1. The system consists of an
outermost vacuum shield, inside this an annular liquid nitrogen reservoir, shiesding an
innermost 10 £ liquid hllium reservoir. There is a pipe projecting from the underside of
the helium reservoir. A suitable sample container, located centrally on the beam line which
passes through the lower part of the cryostat, can be attached to this pipe.

All components are surrounded by a high vacuum, typically of the order of 107 Pa. The
reservoir supports are designed to minimize heat conduction into the reservoirs. The
reservoirs are each wrapped in approximately 40 layers of ultra-thin aluminized “super
insulation.” This reduces radiative heat transfer from warmer to cooler components by
several orders of magnitude.

The entrance and exit windows for the tagged photon beam are made from 200 pm
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Mylar film. The sample can be viewed by proton detectors on cne side through a 100 zm
Mylar window.

The liquid helium sample container (or appendix) is a cylinder 150 mm long and of 50
mm diameter, giving a helium target thickness of 0.47 mol “cm® It is made of 200 zm
Mylar film, to minimizes its contribution
to background, and glued with STYCAST

1266, an epoxy-type contact adhesive.

The appendix is glued to the tube from

the liquid helium reservoir with STYCAST

2450GT, an epoxy-type moulding glue wi-

- 150-mm
th high heat conductivity. The appendix .
Fig. 2. Moylar appendix.
is illustrated in Fig. 2.
Radiative heat transfer from the outer wall of the cryostat (at room temperature) into

the sample (at 4.3 K) causes the sample to boil. The resultant bubbles of helium gas

LIQUID HELIUM LIFE TIME

200 T T T T ' UL I T 1T l T T T 71 I T TT ' T 1T
150 ]
g ]
A
g 100 —]
50 ]
O i 111 ' 1 1 1 1 l 1 11 1 I L 1 1 I 1 1 L L I 1 1 L ]
-1000 -500 0 500 1000 1500 2000

TIME(min.)
Fig. 3. Lifetime of the liquid helium reseve.

reduce the effective target thickness. To minimize this, the apperdix is surrounded by ten

layers of super insulation. This reduction in thickness, estimated from the halium
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evaporation rate, is less than 1 9.
§3. Results

The lifetime of the liquid helium resevoir was estimated from measurements of the rate
of helium gas outflow and of the rate of decrease in the liquid helium level. In normal
operation, the lifetime was up to 60 h, as shown in Fig. 3. During the experiment, the
liquid helium reservoir was refilled once daily from a 60 £ external Dewar.

This target system has been used for the "He( 7 wge, X) experiment, which lasted a total
of 22 shifts over five weeks. The target system was cycled between room and liquid helium
temperature three times during the experiment. Operation of the cryostat was completely

trouble-free.
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Spectrometer (tentative specifications)
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*  Available up to ~ 13 Kilogauss



331

LDM&ERERHTHA RS v A —5 —0FBHHERIE, Dynamic Range, Momentum
resolution, ¥ —# v b+ » WA E TD central ray & Maximum momentum T&H 5, < T
THIESRICEBERS 4 5D, central ray & dynamic range DEEEDEWTH D, 20—40
MeV®D z % V¥ — D F TIZLDMOIB0EDORIRMBE SN EEFICR S, L LEHSS5LDM
EHEE L TOF5RIE, Maximum moment 2V/NE W, [BFDEHE 3 E WOV 13MeV H3HI
ERRER ST X VF— L1085, X, AN 7 759 v FIsHd 28O RTH 5, PLLD
MEER USA 50T, PRTOHEEEMILT 5 /b BRERSITO N,

§ 2. LWEHHSARI bOTST

2.1 EHA

BRIR O R — W E— 25 OBFHE Enge ThH 2745, HIENEDOTRTORT, 2RO
IS & BUEMSTERIC L D EVEPTERBEN TV, HMRFEEIZ20~40cm, ASHEEIE
35.4°, €7 5 —AEEI109° ThbB. WABHOBI I A —F —ZHVTHEINIER
B, B2RITRENTV B,

B2k INBBHRA NI bu s 57 OR/NRT, BRIIRERICE T 2 ERE CESEN R

DT EE,
i
0 =20cm 0 =40cm
R (FEE) 0.70 0.65
OKSE) 0.05 0.20
EEE ) AR 1 X107 5 X107

HAEIBELTIE, CORMOBRIAOEME LT, BYHMREMERTEF—ETH B, Lidi-
C, EEBROBREOIEERIRE L TV A 01, KEAR GEEIBOEAR) ORISR
PRI KEL TV A D TH b, T THAD R -V E—2RBEI34.5cm, BA O &h
O Short cut off DFEITED/NT X — 5 —(30.414% & > TV B,

2.2 BRHERVIFTL

KR F ORISR ¥ 2 5 A 3B A ORATHIC 12840 518 3BT A 2 HBIFHEE L 644D
SZE LA ALGEFE 2 7 b 5755 3 BONBERE A A LFRBEESHBSNTVWD, A2
ELTRHROP— A AW SN, BER—3000VAEHNE N, L LESEOD T 2 b EE



332

TRE—ED 2 mmfERISR S Wi S ERRRPR O ABFERS e, COMNBAY V5 —
T & - THBA DEREICIE S 0 2R F O E OFRAE SN, RIER T OEHEOHFRA
BoNb, FAHYVI—DRERIE2mmE 5mmPS5RBE 2D T SAF v I vV FL—
s BEES N, EET ABICKbNART O 3 VF—BEOERD O BT &L HETFORFE
TE5—D2ORTFET S, ISRTIRAF v Ay vy —OREIIE, 4HEEShicF=rva
THY VY —HEREED, BY EPRHTFOREDED ST ERBIT tho—Y ODRF & T
%o SEIZHPRTFO T X VF —50Me VLI T TH 5 7cdic, FEFIHLT, F=Lva7y.
WOV —BHERELEB O, f>T, FaLVaT7hvvy—noDESET5ZAF v 7 RU
HAHNY V5 —DEBIKUTHEBES L LTERT 2 &tk > T, thokhidss 5> otii
FIL & BEBOHERBIT S T EMARRICIE B,

2.3 FHEEIRTLAL

SEEBIT AN Y v — (MWPC) 58512660 FEEHEONE, T H5ELDMELL
BB DIk Y X 5 LA TF— Jpkd 1%, PCOSY R F AR E N, HILAIEEMICH
BOKII =8 v I ~NF—F Rk T 54 V5 —7 = — RCEET B L, BRGAIDA v 5 —
7 == ADFIICEWES N, TDA VI — T = — R IFAK, BEEERRICEE L TOLRE,
IMEREMKIC & > TREMNICBES N, ANy 7 A vy — (FPIRF v IV FL—
Vav ey UI—RUF L VAT e AV VI—FR) VAT AHOLDEFTRILY bu=y
2 A% CERAEEEHE L 2%, CAMACY X 7 A Z R CTEH B~ X 1, MWPCH 50
F=yEHIZY X P F-F ELTHRT — 7 IEFE N5, ThoDTF— Y NERDOY 7 +7°
075 Al $RTCLDMOBREDSDEFHERL XS IcEh TN,

§3. HWHEBELORE
REICEROTERICRME T 5103, BERELIC X 5REG17 2 RO, BRADHERED
F— S BRETH B, 7— 5 ELTRRARY b VOEHENFE @AOEARLORETOD
SEL ERELLEC), ERETONE LESEOBRERIET 5 EFEEIEHEOHH,
Z L TERATOME BT 2R NARORAE (b DEShE A/ HRREHNC TEE 1S5 R O %
EL) ETH D, L LHEDOK S CEIA I BIRE S RUSAIE 28 NMR O RS HAIE R
RO ERRH10KGauss THB72%, I oDIEMBERESNED» -1, S, e, Ta—
BFHRIEFM —3000AZA LicZ Lo X DM RERRE OB CHEEZ T 5, T
(FBURIE) I BIEREEL R <7 b L E L TEC (e, o) DREEZEE I KUTRT,



333

600 T T T T T T T T T T T T
RUN 8705059 (334) ~ BACK COUNTER GATE ON THE MWPC

-lZC(e,e)lzc i

Elastic Scattering
0=90 Deg. E=100 MeV

COUNTS

1 ] lerFHILl ] 1 ) 1 1

0 10 20 30 40 50 60 70 80 90 100 110 120
CHANNELS

BIR "CH—2ry 1 p 5D 100MeVET ORIEHEL R <7 b vy T L F — HRREIREE T
THIB50ke Vo

BHEREL D 18 S /o T X V¥ —FEEI3H0650keVTH D, THIIAORY v DK E X &
=7y PRTOZ X VF—{BREZEE TN, BIERMLOEBERLN S, XHELCE L
T, AP SD/Ny 7 75y v FOEREIIEEEIS ) - 1o,

§ 4. wrREFORE

Y2 =R LB nhEIFORER, £< THI0 emBEOWRR TS D, FEFITPNE L,
ZORDEADN 7 759, B BREFEORE, £ < OEEELSANE V. T
NORFEBRIS BRFE LTI BEOESLETS S, B 2 P ERTIE, 180MeVOA
WAV F—TkFES—4 v+ (LH) LT, 7' PRIFARESER, 'H (r, 77) ©
W SR & <, 97 b/ srTH 3,

F2RNCH (e, 7%) RIETHE OO 2IITLA =Y F WETRT, MWPCE 2 Y D75 2F o
IAYV VI =DFVRA—TPOBONIERICTF = L v a 7RIHE,SDEELIERES &
LTHWIEARY bV TH S, F2ROERORIBMWPCILEE Lz X <7 F L ThHY, &
R <Y b VERT, FTHORR2IKITA RS VDT 52F v 2B LI 2 <7 b L
THY, T7IAF v VBRHBR L 2BT EPBTFOT X VF —1BEZ RS ML TH B, TDX



334

XY P BT EPRIF O RV F —IBROEREPPIEIORE AT 5,

256/ 4
— lH(e,n+) n
o Two-Dimension Spectra
o
g E=180 MeV, ©0=90 Deg.
8
3] B= 7.712 KGauss
[é]
o
ol
o .
-
[an
Multi Wire proportinal Counter  2%/1
Multi Wire Proportinal Counter
9]
4+
o
5
0
o}
1] N
0
Channels 26
«——— electron
plastic counter 1
o)
i)
<]
3
0
O
i B H \ \ . )
1 64
Channels
$2R KES— 7y b 5ONBIUFT O 2 UTTA <7 bv (L) EHG DEAT~OH

AT () RUE—BTIZXF v « VUFL—Ya VIEHENDHREE 2 ~
IR (Fo 7S AF v 7 BHRBICE Az xVF—IBEX~T F VTRETF &R
FREL DS TVEDNb) 5,



335

2IRTCANY b WETFTAF w7 AT P NVIZRGNBLII, Nw 759 v FELTD
BY (COBBRBBET) 25 = L v a 7BHED» S OIERES T b b TH- T 3E
Bbpb, INEF = L VI TREEBFESITEHOTORVEERT DO TH S, FIRICT
SAF v 71, 2HRHECE > TRISN/ESZ[HH L TMWPCH 5 DESIc 7 — b 2B
WIERE RS, FRISNWAAIED SHETFOF v v 2 VBT T35 0bhr 5, UL LEFE
DNy 7759 Y RPREE > TOWT, EEMMONT & DRFIBFTESTHEOHEERL TV S,

lH(e,n+)n spectra
E=180 MeV, ©= 90 Degq.

B= 7.712 Kgauss

;Mﬁﬁﬂﬂlnﬂh b,

128 256
Channels

Counts
QO (g-S)

HFTIM 'H (e, 7°) n KELSOHFZA RS b Ve F 2 L v 7THRHED L OIEKRRET
BRUO7 525 v 7 BRI & 3hRFRBE CHRIFSRE S Nz,

§5. & £

[ERRER AT, S dhEFPEES Wiz, L LS, ERticHL TR, K%
WL O DRIERDE > TW5, NSRRI, PRITFSAES MRS TR
NkdbDThH5%, MERELT,

1) BHADOKR— VOBREICHT 5 AR TFOASFAESE LV, CHREERRETFCE
WA OMREEZEZ 5 LD B .

2) Ny 2 Ay VMR LTWARETHESC, BHA»SOONEIEMERAL TV,
LIt TF = L v 3 KRS, SEOHVRHES BFRASHEZHE LTt
3) MWPCOE 2, HIGDOI 2 Y v —OFFAE ChIBHAOHEESERLZDOT
LDM& (3 RIGICRIE 5,

4) R OE FIicBAL TR, SE0EBRERIILDMEERISERTH >, THhITBL



336

TRV OHhOFRENSEZ SN B8, 10~30%, hEEE LEXEIFICL->TIOBHAD

B OBEHENHTHRS,
5) BECOBHLEOEREIZILDMEA LTV S, LDM & RSO ER = HHEHT 2541

&, 60V, 1507, 10-°OLEEDBRPLELE D,
ENSBROMFEOEBIE B, FRDTVev v y( 4, (2HF) XE3Y V0

-
«

HEE TP TEBDICEEZHVONERETH 72 bbb OoTIDF R PEEDOZE
FTOLDRBHERLE L - BEROR Y v 7OHAICEHT 2IETDH 5,



HRIEDISTH S 215 25 1988124 337

Renewal of the KAKURIKEN
On-line Data Taking System

K. Maeda, D. l\/IcLean1h , M. Mutoh Tt and Y. Sugawara i
College of General Education, Tohoku University
1 School of Physics, University of Melbourne
Tt Laboratory of Nuclear Science, Tohoku University

A new on-line data acquisition system, based on CAMAC and Micro VAX II hardware,

has been installed to meet the medium-scale data taking requirements of coincidence

EXPERIMENTAL HALL

RAW DATA

NIM MODULES
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Fig.1. Outline of the new data arquistion system.
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experiments. This combination of hardware is commonly used for on-line data acquisition
systems in intermediate and high energy nuclear physics. Consequently, the real time
programming techniques are well established and a number of useful program libraries are
available.

The system is divided into three parts. In the first stage, data acquisition and front-end
processing, are controlled by an NEC PC9801VX personal computer. Raw data from the
detectors in the second experimental hall are processed by NIM-standard electronics and
passed to front-end CAMAC modules. Raw data are collected event-by-event and stored
in a memory buffer. The second stage is the transfer of the data via an optical link from
the front-end to the back-end processor. The data link passes through the Klystron
gallery, where there is a large amount of electromagnetic noise. This would interfere with
the operation of an electronic link but an optical link is immune to this noise. Finally the
data are received by the Micro VAX T through a back-end CAMAC crate. The event by
event data are stored on magnetic tape and simultaneously analyzed for on-line monitor-
ing. An outline of this system is shown in Fig. 1. This system is about ten times faster

than the previously used system. Its components are described below.

Front-End Processing

The raw data from the detectors are firstly processed by NIM-standard modules. When
the appropriate coincidence conditions are met, the hardware generates one or more LAM
("Look-At-Me”) signals, and initiates conversion of the data by the CAMAC modules.
Typically each detector group generates its own LAM signal, so the processor can
determine which groups of detectors to look at for a particular event. The task of the
front-end processor is to wait for LAMs (signaling valid events), then determine the
event read path (which depends on a user-supplied configuration table, and on the LAM
pattern), and read data from the appropriate CAMAC modules. The front-end processor
sorts and buffers the raw data, and transfers it to the back-end computer.

The front-end processor, a PC9801V X personal computer, controls and reads the CAMAC
crate through a TOYO7000 Crate Controller. There is a library of assembly language

routines which perform CAMAC single actions and simulated block data actions. These
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routines are callable from C and FORTRAN. The CAMAC data read /write takes at
minimum about 14 us, word; however the overhead of a routine call is relatively high,
about 45 s for Lattice C and more for MS Fortran, so the assembler routines should be
tailored to perform multiple actions. To handle the larger experiments planned in the near
future, we will need to replace the current processor and crate controller with more

intelligent and faster hardware, such as a J11 based auxiliary crate controller.

Optical Link

The front-end processor accumulates raw data in a series of buffers in memory. After a
buffer becomes full, it is transferred to the back-end CAMAC crate via an optical link.
This consists of optical link modules located in both the front-and back-end CAMAC
crates, joined by a pair of optical fibers of about 100 m length. The system is by design a
medium speed data transfer from CAMAC to CAMAC immune to electromagnetic
interference. It is suitable for use in the present environment where during accelerator
operation the pulsed beam stretcher and linac generate a great amount of electromagnetic
noise.

The optical link module is a standard single-width CAMAC module capable of full
duplex serial data transfer at up to 48kbits /'s. The pair of optical link modules
communicate via two lines of optical fiber; one for data and the other for control
signals. Two 512 word FIFO memories within each module are used for buffering the
transmitted and received data. The modules’ functions and specifications are outlined in

appendix.

Back-End Processing

The back-end system is a MicroVAX TI, connected to a CAMAC crate by a Kinetic
Systems 2922 Q-bus adapter and Kinetic Systems 3922 crate controller. These support
both single-action and DMA modes of operation. The other peripherals installed on the
MicroVAX are a magnetic tape drive and cartridge tape unit for mass data storage and
backup, a 318 Mb disk drive, an Ethernet interface which allows networking with other

computers (in particular the Linac control MicroVAX), a color graphic console display,
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and a DRV11 serial terminal interface. Three Apple Macintosh computers are used as
intelligent terminals, and there is a Canon LBP 8 laser printer for text and graphics
printouts.

The MicroVAX receives data from the front-end processor through the optical link
module in its CAMAC crate. Data is read from the link, and stored temporarily in a
shared buffer. This buffer is installed in Vax memory independently of any process, and
can be accessed by several processes at once. Three types of data taking process run
simultaneously. The first are the processes that read data from the link and store it on
magnetic tape (standard magnetic tapes or the 91 Mb TK50 cartridges can be used). These
processes necessarily have the highest priority. The second is the on-line analysis routine.
This analyses part or all of the raw data as it passes through the shared buffer, and
makes gated one and two dimensional histograms in shared memory. The third is the
on-line display routine wihch interactively plots these histograms on terminal screens or
the laser beam printer.

The first experiment using this system, the *He( 7 uger X) cross section measurement,
has been completed successfully. The on-line and off-line analysis programs are still being
developed to revise some features and add further flexibility. The data taking rate of this
system is adequate for the present experiments. But if more detectors become available
or a new type of detector is introduced (for example, a MWDC) it will be necessary to
increase the data taking speed further. At present the data taking rate is limited by the
optical link. We will eventually need to design a link which is about ten times faster
than the present one. Also, higher data rates would lead to significant processing dead
time if the PC9801 were used, so it may also be necessary to upgrade the front-end

processor and crate controller.
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APPENDIX Specification of CAMAC Optical Link Module.

GENERAL DESCRIPTION

The optical link system is a medium speed data transfer link, immune to electrical noise,
from CAMAC to CAMAC at KAKURIKEN. The module is a standard single-width
CAMAC module capable of full duplex serial data transfer at up to 48 kbits/s. Two 512
word FIFO memories within the module are used to independently buffer the transmitted

and received data. Data flow control may be possible using the receive enable /disable

function.
COMMANDS
FUNCTIONS Action
F16 A0 Write data to transmitter buffer
F20 AQ Reset transmitter buffer
F25 A0 Start data transmission
FO Al Read data from receiver buffer
F20 A1 Reset receiver buffer
F24 Al Data receive disable
F26 Al Data receive enable
F2 Alb * Read status register and clear LAM
F8 A15 * Test LAM
F24 A15 LAM disable
26 A15 LAM enable

* A LAM (if enabled) is generated, and Test LAM” returns a Q response if any of the
following occur: transmitter buffer becomes full, transmission completes, parity error,
frame error, receiver buffer becomes empty, and new data is received. The status

register indicates which of these conditions are true.
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Rearrangement of the TOF Neutron Diffractometer

for the Special Environment Experiments

Kazuo Kamigalki
Institute for Materials Research, Tohoku Uniwersity,

Katahira, Sendai 980

$ 1. Introduction

The spectrometer for TOF neutron diffraction”, originary designed to investigate the
instantancous structure of liquid and amorphous materials was rearranged to use for the
investigation of materials under the special environment conditions such as high pressure,
high or low temperatures.

The rearrangement was performed in two ways: the shielding housings for the neutron
detectors were set to cover the new diffraction angle, and the neutron detectors were

exchanged. The results were satisfactory and the high pressure works are proceeding now.

§ 2. Shielding housings

In the original setting”, two similar shielding houses for the detector tubes were set to
cover the diffraction angles: 60, 90 and 150°. In the present modification, possibilities
are secarched to set other diffraction angles and to change the flight distance of the
neutron beam.

The new arrangement of the housing is illustrated in Fig. 1. The original 150° housing
was diverted to the 120° position, and the sample to detector distance was extended to 70
cm, twice of the original value. And the space for the control of the environment of
specimen was enlarged considerably. However, the further extension of the distance is

difficult because the area of base plate is limited as shown in the figure.

§ 3. Detector tubes
Detector tubes used originary” were *He-gas filled ones with a half inch diameter, but one

inch tubes werc used for the present time. The inside area of the shielding house was limited
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Detector
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Base |Plate

Fig. 1. Rearrangement of the detector housings to the diffraction angle 120° .

and three tubes were arranged at the time-focus position.  Because the thick diameter tubes
were used, the focussing arrangement was not so critical in comparison with thinner
tubes. However, the length of tubes used here was 15 ¢m, a halt of the former ones, and
the reduction in resolution will not be so serious. The counting rates dropped slightly but

the precise comparison was not made because the situation was somewhat complicated.

§ 4. Experimental results

Some of experimental results are presented in Figs. 2 and 3. The diffraction pattern
for the vanadium rod is shown in Fig. 2, the signal to noise ratio is satisfactorily good
but some background counts are superimposed. The pattern for MnF. at room temperature
is shown in Fig. 3. The separation of two nuclear peaks (200) and (111) is satisfactory.
In combination with the pattern in the magnetically ordered state, magnetic contribution

to the (111) scattering was evaluated with a considerable accuracy. This fact will support
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Fig. 3. Diffraction pattern for MnF: powder at room temperature.
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345

that the rearranged diffractometer will be applicable for the magnetic structure analysis.

§ 5. Further problem

The thickness of the shielding houses was about 12 c¢m at the thinnest position. The
neutron source now used was based on the 300 MeV electron-photon reaction at the
tungsten target, and the radiation shield must be designed for gamma-rays, in addition
to the fast neutrons. In the recently designed diffractometers installed in this laboratory
were surrounded with thick water tank, and remarkable improvement was attained in the

reduction of background signal. The heavier shielding will be a future problem.
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THEZo6N5BY, I TERBEELORE T X V¥ — (21.2MeV), ERZRARBFOT 2V F—
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(MeV), o WHHEOEE (g/cm®), tEYWEOEE (cm), XFIRHE (g/m’) TH 5,
200MeVDEF £ — LMEE 2mmD 7 )V I B EEX0emDESEEHRT 558, LERELA
FZ N FN15.Tmrad, 3.5Tmrad& 3%, Lichi-> TEEBELC X 53 F O#ETHE DL
AN R S
300 (mm) X {(15.7 (mrad))*+ (3.57 (mrad))’} /2 =0.04 (mm)
L3, BIEINEAVFREISHLTRER LA SETH %,
4.3 FEODENCLDNEE
T ERBEEICL > TRE LRV E X, F = L v 3 7HE O ORI ERICE V. L
P LESHTREFRBEEICL > TEDbS YD, F= L v a7 bERORHREZ 2.
BE A (hm) OXOEHEESICVT ZEFRRORNTHLAZ N5, ¥
(n—1) X10°=6432.8
4294910, (146—10° A%)
425540, (41—10°/ 4%)

LMo TA MY =2 A 5 ORMEEF 2,:=400nm, A.=800nm T I3 7. =1.0002828, n.=
1.0002750& 78 %, CDEEF = LI 713 6,—23.6mrad, 0.=23.3mrad& 725, HDF
R4tk TH A 5N B,

= {(Bni— 1 )V*— (BnP— 1)V} +r/ Bec
= (tan 6,—tan 8:) *r/ B¢
7272 LridfMI O HSEDYE TH 5, T TRYID Y 5 — %23 3mradffJ TRE L7zl & %
ERTHE, F =L va THOETHENOIESD &
ce dtescos@; = (tan :Xcos @.—sin82) <r,/ B
=0.12 (mm)
E185,

DEETHOWEDBEVICLE L Y ANTOXDEEEICOVWTEL S, XLV ADES%E
20mm, ZOEPEE U TBKT &LaF 2 QJEHTEONEEME (768.20m T1.6225, 404.7nm T
1.6515) &2 % & L v AN TOBEBRRIZEIC X 2/ OETHE DL 3

20 (mm) X (1.6515—1.6225) 1.6515=0.35 (mm)
L1385,

Lichi-> TRER TORREDOE VI L 20RERHOZER, NYFRIOTUTEELAS

BETHL, HERCHES NNV FRECOEBRORIEBEE ORF 0 25T 513 ES
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ip-t,

§5. £ &

SEDEBTR N VFEST 2 Ly a7 E VO RBENRFREEZ b WTHHI L, NV T
ERAREZ N TORES ORI - THRlshTEh, ZOEEDORRZRET 51
BESHDP T, EBRONYFOREINERE S 02 ETHE, HFRTO I DML
SVWTEZRBINEESHO, i, b LAY FENERICHAEBOREOMESSLTEL,
NYFOEXAENTA—5ELTHVS I E— L v ML &R E RS DR AT
SNBb0ED b/ BATRMAH B, £, b LAKIHL DNV FEDFEOEMNT
A F v 7 OMEELEIIC L BTEE D bREVENWS T LI D L, HEHEEE OLER: & E
LB NRBE LBV S5, W LAERIC N Y FORIEZHET 5 LOFEREE
KEL, bo EEANEEDSOMIBBELE SN D,

EEROARD S RANEH, N—2 hofEL, Zodicd s b EETFOREBLAHS
WIS 5 2 EDERIE N T &3, BERVEAEEN E IS/ Nikicg ¢h, SK%TOD
kO E= Y — I X AN O TR AR T D E VA BKEA D, S SI/N—X MROE
FRIBOERABET 5 EE5 A F v 7 OEANGHEDR BB W TREBERE DL
Hbh s,

& % X o
1) 1. Sato et al.: Proc. of the 12th Linear Accel. Meeting in Japan (1987) p.57.
2) T. Hori et al.: ibid. p. 54.
3) LB Eaa b =2 h 45 L2 OIEH (EIRF =2 2).
4) thEfRNE, b« REEEFSTEE 21 (1988) 94.
5) =igh, fih: BRI L E.
6) C1370-01 v &5 LF 1 A —FEkBIAE (GEfE b =7 Z).
7) M. Sugawara et al.: Nucl. Instr. and Meth. 153 (1978) 343.
8) Rossi: High Energy Particles (Prentice-Hall, Inc. New York, 1952).
9) FERMESR  HBFNS8EE #796 (512).



w &% Z£ A

w® B BH(ZERAER) L AW e
T =T - % B N

REWMWESS HF2% F25
1988 12H 1T

BT BALKRFHEEEHME R T %
IEHE =tz 1—2—1 (BEEE982)
BT 022—245—2151 (ft)

FiRIAR #KX&x L 7 ) ~ b
i & LB 24 & 24 &
TEL (363)7 1165 (D

RESEARCH. REPORT OF
LABORATORY OF NUCLEAR SCIENCE
TOHOKU UNIVERSITY

Volume 21Number 2 December 1988
Laboratory of Nuclear Science,

Tohoku University,
1 —2—1, Mikamine, Sendai 982, Japan




