ISSN 0385-2103

RESEARCH REPORT
OF
LABORATORY OF NUCLEAR SCIENCE
TOHOKU UNIVERSITY

% B OBt b %R RS

520 % 25

1987 £12 H

L i R L

R S = A



fl 7 /& =

1 T RS | I RFIR X 2 ERBER O CEERE L I eH &%
BEE L £,

2. FEBEORIXCA LTIFEAME LTEEXTIR->TEDEE A,

BL, BAOEELDLHEIBRBRLOBELEEL, »2VWEEZELZRDLE
BHET,

3. AREOHRI XL DOHITIEIH 2 HEIT Research Report of Laboratory of Nuclear
Science, Tohoku University Xi} Private Communication & L C5IH$ 5% L L, EE
DEEXBIC ETEIALTT I,

4. FFEIBFE6ALI2ZACRTLE T,

#wmERE

1. BXOERIA 4K 400 FHERFBAKELER LTTF I\, HRERFIRRR 0 3GRER S A
MM HREE LS TF &,

2. BIRmR, o5, B, ¥R, XFHEEZT Journal of the Physical Society of
Japan O #FEOF5] | K> TF I,

BIRD BRI DOWTHERT Sy,

ERICERE, FVvrXXFE, 12V s, Ty s, 3K, $E5bLWKXFRUN
XFELAFRBETIHELTT I AL, XFOXFREFROERIFNE LTI 2 ) » 7T
HAHETOT, BMNROTLHRLLE, FRPHCUGEE TREXFESILIEDEESR L
TF & EXDEBOBEE, 120y 70HEHELTTF Iy,

3. RRUFRZIKBEIEIR], [#2R I0LOCESEHITT IV HiZL TR
ARL, MRXER Y ENROTEEZFRALTFE V. HL, 1/ 30T OMRIZEAZERT S
Ko

4. RROFEOHEAET % ERTHEELTEF IV,

5. IROFDHBE ZhZhiMic £ LD TRERBDOREBIC 20 TF &y,

6. EFEmrIHE X4 A30H L10A31HTY, BRI TERATRIELTEFZ W,

fllam=mE1-2-1 BEEZS 982
BN s R R L 2 T
[ B S | REZAR



EEMOI R ERYE 208 25 H K

1 RFyE
T— 1 29Bi (o, py ) FABAT +rrrrreoeeessseereeemomeasisesses e 263
CEEH, #e v 2 —% Kite vz —*% BEET)

HE OBA, FFE OB, IR BEY s mEET
RILEEA™, A3 mIE™™, B 250
1170 e FI N Y: R - S - -
I —2 The Analysing Power of the *C(7, p) Reaction Measured
Using Tagged Polarized PhOLODS. «+rrrssrsssmsseemmssmrsmirsmrmmemmrreo. 266
CBED, BEET, A LEr k™)
B E 4% W, BN RS, Am A
HBA WA, FRORkK, B ®A, WE RE
J. Eden™, D. Mclean™, M. N. Thompson™*
[=3 (1 7)) BISICL B OKIERERIRAEDERTE -+rvrorevserrmesormmssesmseeeoeeeeeeee 974
CRREEDE, #aEs™ )
mES W, EE BB, M R85, AT HR
B OKE, Wt

I e
I—1 IEJ# YBayCuzOgs & YBa, Cuyy CogsOpg DFESMERE rovveeererrrrmrrnnns 287
(& o)
e W, B KR, A B, Bk HE
HHO%E, KF BH, PR H

M st

IT—1 Reexamination of Monitor Reactions for Photonuclear Reaction

C@RKA, BAEHY, @FM2ER™™)
EH ME, SR HE, MR RIA, RS S



skt W BT, R T
m—2 A /&U\ﬁg_rj = /i/i@%&%é&ﬁmmg ........................................... 310
(%4 78Rty s —, S, BaFr™)
WL 3, b B, BROMA), %E BT

wE
M—3 EERMPEERCYS 7547 v AR NETHEELDHT oo 321

(BB, &)
Pk A, AR w5
M—4 YXETHEt—LEPS icXk 2 MEMEBAMOME TR oo 333
( BRI, HEET )
pemE REE, B —F, M BT
m—5 ZHZJ:LLU:{E, EETE%%&WJ%H{I:?E’]HF% .............................................. 340
(EREimE, HEET)
w5, HE O ORE, EROBEY FAHE

M—6 JuN, fAi - B KB Y DGR oerereeeereereee e 351
(HEE )
KE ¥, 58 RE, FAHRA
M—7 AREKLUEEAT—Y LIEBLEY LT A b3 7 T OMWBRILFERPTE - 363

(BRI )
e« KB, HH RE, EAHB
M—8 Study of Impurity—diffusion of Gold in Copper Single Crystals
in High— temperature Range Using Radio— isotope '**Au  -woroeereeeee 375
(TEA R, <07 A—77 7 I B)
BEJIE—EB, Alfred Seeger™

N onsEss - HlEs
Vv—1 ( e, e’ n ) Fﬁlﬂ#ﬁﬁ%ﬁﬁrﬁﬂi%ﬁi (I ) ................................................ 385
CRERGF, BEmmY, #EE)
BA A, FEEBTE, mA £, BF HT
il REY M R s @



BTV=T 97, "WAE—LA « A b oF ¢ HIEZOBEL & st
AT e e e
Q@3
e IEWs, SeB #iS, KB B



Research Report of Laboratory of Nuclear Science
Volume 20, Number 2, December 1987
Content

I Nuclear Physics

I =1 Angular Distributions of **Bi (e, p,) Reaction = --eeesmeeemmseeaees 263
Haruhisa Miyase, Hiroaki Tsubota, Yoshiyuki Kawazoe,
Tatsuo Tsukamoto, Hideto Matsuyama, Katsumasa Namai,
Masahiro Nomura, Hideaki Kawahara, Tadaaki Tamae
and Masumi Sugawara

I —2 The Analysing Power of the "*C (7, p) Reaction Measured

Using Tagged Polarized Photons -« «-ssrsessmsssrememmssiss i, 266

Jun Yokokawa, Osamu Konno, Izumi Nomura, Toshimi Suda,
Toshiji Suzuki, Tatsuo Terasawa, Kazushige Maeda,
Jamie Eden, David MclLean and Max N. Thompson

I —3 Study of the Low-lying States of “K (7, #*) Reaction oo 274
Akira Kagaya, Katsufusa Shoda, Takenori Kobayashi,

Kunikazu Takeshita, Taihei Simada and Hiroaki Tsubota

I Material Science
I —1 Crystal Structures of Tetragonal YBay;Cu3Og15 and
YBasCusy Coga Op g rorte s ettt 287
Tsuyoshi Kajitani, Keiji Kusaba, Masae Kikuchi,
Toshiyasu Matsunaga, Shigeyoshi Hamada,

Tetsuro Sakurai and Makoto Hirabayshi

I Radiochemistry
IT-1 Reexamination of Monitor Reactions for Photonuclear
Reaction Stlldy .................................................................................... 299

Kazuhiko Osada, Takuji Fukasawa, Kazuto Kobayashi,



Yasunori Hamajima, Koh Sakamoto, Seiichi Shibata
and Ichiroh Fujiwara
Il — 2 Photofission Yields of Uranium and Transuranic Elements «---ooooreeeoeeees
Akira Yamadera, Ken Kase, Shoji Nakamura, Seiichi Shibata
and Ichiroh Fujiwara

Il —3 Instrumental Photon Activation Analysys of Fly Ash Samples by the

Internal Standard Method Coupled with the Standard Addition Method ----- R

Kazuyoshi Masumoto and Masuo Yagi
I — 4 Multielement Determination in Human Organ Tissues by Means of
High-energy Photon Activation and Low-energy Photon Detection «-+e--ee-e
Takeo Sato, Kazui Mori and Toyoaki Kato
IT— 5 Geochemistry of the Rocks from Miyako Granitic Body
in Kitakami Mountainlamd - ereeerseeeessoreesmmmemmmmmmesteaenrenes s
Yoshiharu Nishioka, Takeyoshi Yoshida, Satoshi Kanisawa
and Ken-ichiro Aoki
I — 6 Bulk Chemistry of the Rock from Yufu and Tsurimi
V01ean0es, KyUSRU  vr+rssrssssssmsseststnsttsss ittt
Takehiro Ohta, Takeyoshi Yoshida and Ken-ichiro Aoki
IT—7 Geochemistry of Tholeiitic Magma in Stage 1 of
TIAKKOAA VOLCAI --rrrrsrrrrrsersnnemesmteeeesetiieessess s ee it e e e eetab e ebebi e eeaannns
Yasuhito Sasaki, Takeyoshi Yoshida and Ken-ichiro Aoki
I — 8 Study of Impurity-Diffusion of Gold in Copper Single Crystals
in High-temperature Range Using Radioisotope "PPAU ereeeeeeeeniieei

Shin-ichiro Fujikawa and Alfred Seeger

IV Accelerator and Instrumentation
IV—1 Instruments for (e, e¢n) Coincidence Experiments ««-«e-eeeeeeresereinmeeneenne
Shinsuke Suzuki, Teijiro Saito, Keiji Takahisa, Tsutomu Tohei,

Takemi Nakagawa, Yukinori Kobayashi and Ken Abe



V-2

Present Status and Remodeling Plan for the Control System of
the Pulse Strecher ..............................................................................

Masakatsu Mutoh, Yoshinobu Shibasaki and Tadahiro Qonuma






BEPHRHRE $20% %25 1987412AR 263

““Bi(e,p,) 4 4 fi

BED, HHRevr-F Kiteyz =5 g o
EHEA - SFHEH - JIREEY mAREE Y
PRLLE A o A mma ™ « Bp A BaL ™"
JUERHEBR ™% o FITARB™ - R ey ™

AiElE <z, *%®Cu, YR LT (e, py ) RIGASMORER V% DkERICD\WTH
HLIo PCult >0 TiE, Ex=13—1TMeVIZNFTE2 BEAFKBARLNY , 8¥Y gD\ T
L E=2TMeV 7 AV~ 2—E2BREERHARON LY, SETECEVETFK Bi K
DWT (e, po ) IGATMORELRIT - 1O TEDOMELHE TS, PBi Bl 2Pb B
MZT 1hey,y BRIEBFA—DOIZ LI EEZDR, ZHETHT 57 %%5Cu, Y (pRIT
BT ni— 2031 ) & B BER DR o D,

BE 28 0mg/cm®, #MEE 99.999% D *®Bi #H\, Bl Ehi-BFREHEs HERA
(BDM) It & 0EBIESHT SN, 0,=30—140° ORI B W TOBSMHLHE L1 B 1K
IHlE LT, E.=23MeV, 0,=50°TODBFDANST b AR Ll BB “Pb OEER

PN [$)]
(@] o
————
—_—
——
—_—,
—_——
————

L
o WHM v

2 e e ;
100 i ’ °
o {hﬁhth& ++._+o.+*..¢*.++..£

9 10 1 1 13 1% 15 16 17 18 19
Ep (MeV)

$1W E.=23MeV, 0,=50° LBIFTABTFDA~S ML, KHEIZ
BEBROEERE, £ 1 hREC~OBTORERT R L F —
fEx 7R3,



264

RBABETIBTOI X VF —DR&EEY Do
T, 1 hiREM~BB T B FoT 3 ¥ —
DI EE% p, TR LT LD -T, 2D p
Ep EOHIRR BN BHTI34ET **Pb
ERE~BBTLIBTFLELONL, BE K
28ph ) K ERE~OBBOKIEAIT S <,
Lo SEREZ 2Bl EIEFICHE T 5 R 2 F
S TW5b CEREE 2°Bi ORI L - Thieh
Big BN, BeDHEIH8pA O — LHEE
TEREZIT - 12 ) O TEREREII 001D,
BHEE TR E,=21—24MeV IZDOWTDT — &
Loy, B2 i, #EFTx/L
F—ient LB 22Pb DHEERE~BER TS
Bt S BB FofA o O RBER 2R
To CORERY

do

4
d—Qp=aO[1 +Ela; P Ccosbp)]

(1)

@ Legendre £HERICA H¥ 1o BIED R %
B1FRCFRT, £H2 MR L ERIBHH
7B IR T X o B DR M R

do
dQ,

=‘C1‘2

+8in?6, m. | C2+Cs cos bc.m. |2
(2)

b EEBETHL, ZZTIC1P RU

8i(e,p,)

} 21MeV

g S
|
a8

22MeV

(nbhsr)
g3

* 23Mev

dGda
o 38

0 T . Y . .
tt 24MeV
301 H++
151 ¢
X}
7% 6 90 120 10
Oy (deg)

FoW HFAHRBFzRLF—IBT
% 2Bj (e, p, ) RIGADH,
AT I S ER I X A%
Hris s

|C, 12 37 NFNEL ROE2 BBOMEBEKL, [C |7 ILEBCEBERLARERT

RENBLOIBETH Do

LENT, ERERE LS OBETEFROT X AF - L L THE>DT — 2B L TOHLDO®RSE
ThHoTD, BT —20EBRIMETH L, BENDLT — 2 %@EHHTHL,



265

B1E ®Bi(e, py) RILASAMD Legendre &R DB FEH

E. a, a, a as ay
(MeV) (nb/sr)

21.0 8.07+1.39 0.44 + 0.32 0.04 = 0.42 0.01 £0.55 —0.11 = 0.54
22.0 17.36 £0.92 0.74 £0.10 —0.12%+0.15 —0.19+0.18 —0.09 £ 0.17
23.0 1831« 1.27 0.76 £ 0.13 0.13 £ 0.20 0.07+0.24 0.39 £ 0.22
24.0 21.60 £ 1.11 0.86 = 0.09 0.11 £ 0.15 0.12 £0.17 0.31 £ 0.17

& %z X it
1) H.Miyase et al. : Phys. Rev. Lett. 50 (1983 ) 821 ; H. Miyase et al.: Nucl. Phys.
A457 (1986 ) 109.
2) H.Miyase et al.:to be published in Phys. Rev. C 36 ( 1987).
3) H.Taneichi et al.: Nucl. Phys. A350 (1980 ) 157.
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The Analyzing Power of the “C(7, p) Reaction
Measured Using Tagged Polarized Photons

Jun Yokokawa, Osamu Konno, Izumi Nomura,
Toshimi Suda, Toshiji Suzuki, Tatsuo Terasawa,
Yoshiharu Torizuka, Kazushige Maeda T, James Eden 11,
David Mclean T and Maxwell Thompsonﬁ
Laboratory of Nuclear Science, Tohoku University, Sendai 982
TCollege of General Education, Tohoku University, Sendai 980
T1School of Physics, The University of Melbourne, Parkville
3052, Australia.

The cross sections for '2C (7r, P ) were measured with tagged polarized
photons in the energy range from 41.2 to 93.0 MeV. The photon energy and angular
dependence of the analyzing power have been extracted. The results are in better
agreement with predictions of the one-nucleon knockout model and RPA theory,

than that of the quasi-deuteron model, particularly at higher photon energies.

§ 1. Introduction

At photon energies above the giant resonance region but below the pion
production threshold, measurements of photodisintegration cross sections are
considered to be a good source of information about short range effects in nuclei.
The reaction is sensitive to the high momentum components of the nucleon wave
functions, essentially because of the large mismatch of momentum between the
momentum of the incoming photon and the ejected nucleon. On the basis of a one-
nucleon knockout mechanism, consistent momentum distributions were extracted
from experimental data over a wide range of photon energies and proton angles. !
However, with such a simple one-nucleon knockout mechanism, it is difficult to
explain the measured (7, MNo) cross sections, which were found to be of the same

order of magnitude as those of the (7, Po ) reaction.
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The quasi-deuteron model, where a photon is considered to be absorbed by a
correlated proton-neutron pair, explains the relative magnitudes and the angular
dependence of both the available (7, p,) and (7, N, ) data.>® This model
was extensively discussed for (7, pn) reaction in the 4 resonance region by
Homma et al. ¥, and was able to reproduce the data. In the lower photon energy
region, quasi-deuteron correlations were observed by Wade et al.®

Up to now, investigations of the photonuclear reaction process in this energy
region have been performed by measurement of the magnitude of the cross section
and comparing it with calculated values of various models. The magnitude of the
model cross section is affected by some uncertainties. In the case of the one
nucleon knockout process, the uncertainty is largely in the estimate of the strong
final state interaction which is incorporated in the optical potential. In the
quasi-deuteron model, the uncer;;ainty is reflected in the Levinger factor. However
the analyzing power has fewer uncertainties, so that polarized photons provide a
useful probe to investigate reaction mechanisms in nuclear photoabsorbtion.

In the photon energy ranges above the giant dipole resonance but below the pion
production threshold, many studies of deuteron photodisintegration using polarized

) For heavier nuclei

photons have been made both theoretically” and experimentally.
there are few calculations and no experiments. Boffi e al.*'” have calculated
the analyzing power for polarized photoproton and photoneutron reactions in 2C
and '°O based on the one-nucleon knockout model. Cavinato ef al. 'V performed a
microscopic calculation to predict the analyzing power for '°0 within the random
phase approximation theory (RPA). In this paper, we present a measurement of

the analyzing power of the 'C (7, P) reaction which can be compared with

theoretical predictions.

§ 2. Experiment

Bremsstrahlung made by a beam of unpolarized electrons exhibit partial linear

)

polarization at an angle away from the production axis.' It is shown by

Ahrens'® and Maximon ef al.'” that the polarization of an off-axis photon can
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be enhanced byu restricting the direction of the post-bremsstrahlung residual electrons.
By this method, the Illinois group successfully enhanced the polarization
of off-axis photons.’” We have used the same technique to produce polarized
photons.

The experiment was performed using the Tagged Photon facility at the
Laboratory of Nuclear Science of Tohoku University. ® Photons of energies
from 41 to 93 MeV, with a flux of 2 X10° s™ were used. Photons were detected
using scintillator telescopes consisting of two thin plastic 4E detectors, and a
3inch Nal total-E detector, placed in the horizontal plane at angles of 30, 45,
65 and 90 degrees. The '“C target consisted of five 10 mm wide segments of plastic

scintillator. (See Fig. 1 ) This allowed the off-axis position of the interacting

PROTON ACTIVE
DETECTOR TAGET

1—=
N s == ==

lﬁjT
I
lllll

TAGGING MAGNET

I .
%%%E%?ORS <7, RACIATOR
RESIDUAL ,
ELECTRONS  £{ECTRON

DETECTORS

Fig.1l. The experimental arrangement.

photon to be determined by identifying the segment in which the photoproton
was produced. Two long backup dete(;tors were pladed behind the array of 32
electron tagging detectors to identify the direction of the post-bremsstrahlung
residual electron, i.e. the residual electrons were classified as to whether they
were above or below the central plane. For each active target element, except
for the central one, interacting photons were elassified as to whether the tagging

electron was in the same or opposite vertical direction as the tagged photon.
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§ 3. Analysis

The differential cross section for linearly polarized photons can be written in

the form ;

do do
E(“=<I§(”)>o (1 + P>X()cos 2¢ ), [@D)

where 6 is the angle between the emitted proton and the photon momentum,

(do/dg (6)), is the differential cross section for unpolarized photons and ¢
1s the azimuthal angle between the polarization and the reaction plane. Inthis
experiment, the proton detectors were set in the horizontal plane, so that ¢ is
fixed as zero. The photon polarization and the analyzing power of the reaction are
represented as P and ¥ (0 ), respectively. An asymmetry of the cross section

for each target segment is defined as

_ (d50)- ($50),
Alo)= <§(0)>:+ ( 2_2(090 . @)

where subscripts s or o indicate the direction (same or opposite) of the post-

bremmsstrahlung residual electron relative to the photon direction. Using eq. (1)

with ¢ =0, the asymmetry becomes

AW = 5 h ¥P, ) 5@

where P, or P, are the polarization of photons in the same or opposite direction.

It is clear from eq. (2) that only the ratio of the cross sections. (d o /d 2) /
(do/dg),, is required in order to determine the asymmetry A (6 ).If the yield
of photoprotons was measurd directly, the possibility exists of asymmetries being
introduced by such things as different detector efficiencies. This was overcome
by measuring the number of photoprotons (y%,, ) relative to the number of
photoelectrons (Y€ , ) produced in the target, rather than relative to the number
of incident photons. Both the protons and the electrons were detected in the
proton detectors under the same conditions and were clearly identified by 4 E vs.
E plots. By calculation we have estimated the asymmetry of these electronic

cross sections for 100% polarized photons to be less than 3 %. The term A (6 )
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in eq. (3) then becomes

1= (YP/Y) /(Y PLYE) @))
T+ (V%P7 vt ) 7 CysP /v '

ACo) =

The degree of the photon polarization, Ps and P, , are necessary to obtain
the analyzing power of the reaction. Since there were no effective polarimeters
developed in this photon energy region, we used the calculated values for P, and
P,. For 60 MeV photons these values for the 2 nd and 4-th segments are —19%
and 20% respectively. The calculation takes into account the effects of finite
size of the incident electron beam and the multiple scattering of electrons in the
radiator. The systematic error in the polarization due to uncertainties in the

experimental arrangement was estimated to be about 15% .

§ 4. Results and Discussion

Values of the analyzing power extracted -according to eq. ( 3 ) are shown in
Fig.2 and Fig.3, for missing energy regions F, <21 MeV (Fig.2, 3 a) and
Em>21 MeV (Fig.2, 3 b). The missing energy is defined as En =E, —Ep — K,
where E,, Ep and E; are the energies of the incident photon, ejected proton and
recoiling nucleus respectively. The lower missing energy region, E,, <21 MeV,
contains mainly the (7, P, ) reaction channel, whereas the E >21 MeV region
contains single protons knocked out from the lsi,; shell and/ or protons associated
with reactions where more than one nucleon is emitted, such as (7, pn). The
photon energy dependence of the analyzing power, 3 (6), for 30°<8 <90° is shown
in Fig.2, and the angular dependence for photons between 41.2 and 72.2 MeV, is
shown in Fig.3. ‘

Three theoretical predictions based respectively on the quasideuteron model, '"**)
one nucleon knockout model‘? and RPA are plotted in Fig 2 and 3. The quasi-
deuteron model predicts the same analyzing power as that of free deuteron photo-
disintegration, ® since the photon polarization dependence of the model is reflected
only in the free deuteron photodisiﬁtegration cross section in the formalism. The

motion of the quasi-deuteron in a nucleus slightly modifies the analyzing power,
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The angular dependence of the
analyzing power of 2C (r, p)
obtained in the photon energy
region from 41.2 to 72.2 MeV.
The calculated values are the
results at 60 MeV. The dotted
curves are the results of the
one-nucleon knockout calculation.
The others are as in Fig.2.

however for photon energies above 40 Mev this effect is estimated to be negligible.

At higher photon energies the experimental values of the analyzing power disagree

significantly with the quasi-deteron model prediction. Bearing in mind the frame-

work of the quasi-deuteron model, this may suggest that the wave function of the

quasi-deuteron inside nuclei differs from that of a free deuteron.

The one-nucleon model calculation'® has been performed only for the (7, P, )

reaction channel with E,=60 and 80 MeV. The predictions of the model show a

much higher analyzing power than the prediction of the quasi-deuteron model, and

better agreement with the observed values.
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The RPA —SK 3 calculations,'” where the hole states of the residual nucleus
are assumed to be in the 1p,, and 1s,,, shells, are compared with the data for
the lower and the higher missing energy regions respectively. These two calculations
give similar values over the range of the measured photon energies, and show the
same trend as the experimental data.

In conclusion, the analyzing power of the !2C (7, P ) reaction was measured
for photons between 41.2 and 93.0 MeV, and is compared with the existing theories.
Significant discrepancies are found between the data and the quasideuteron model
predictions at higher photon energies. The one nucleon knockout model and RPA —

SK 3 calculations seem to give better agreement with the data.
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CEREN, BBTDAE Y « T4 VAV REEBE »EIRCiE ¢ 28842, 227,
TRETOALYY, CRAFORB~I L, . 3ETOTA Y ACY RBEET ChHbo H
BB A L ORI E LT, Gamow—Teller (GT )R AR, (o, 7)), (77, 7)), B
ABETEE, (p,n), (n p), (p, p)ELEFDLND,

GTHR AR, (u, 1), (o, 1) FERTEADOEHEET (¢) HN—ETHLDINLT,
(r, ) REDBHECIASEF AV F 5503 o ] TREAELZZEZL L LT -
TqRUETHH, ZOHEWT (7, 7)) RS Zh b DRIGIC & 5 R TR ZEDIERR £
hHbEE R Do

Fte, (7, %) RS B AETHEL « hadron RIGEHE L TAS &, (71, =) RIGIZIR
FEDAE VEREECET LD LT (e, e ) DHARIT—MBIC A & VR « #H (con-
vection ) BIROME & RJGT 5 A, hadron KIGZE T R ¥ — ( T=100MeV ) H2g=~0
DEBHTTAEY « T4V AY VBB Y ERONCHIRE S 580 (1, =°) RIS & OEA
FLTEFLR, ChHDORIBITEVWEHBINTH S EE 2 5o

EROEEAENLT(r, %) LK X ARG HFEIMTIeb TE D, W5 & HFRTHIT
FRIpBEETH, 2s 1dBBEE DEVGERETHK &5 LEP T Mg, **Si K2 THER
WEBFTHRTWBEIET THS, COHALLTRD 2ODZ ENETFLRL,

(i) EZCE DEFHRSZHVEMT LT, (e, n°) RBROE, BERTHILINLE
TROENFCRAERINLET - BETORD 22 L C#EmT 5%, S/NAE
N EERDREEIC 725 T Lo
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(il)  AERZC I B TRORRBDENFEE NS < 7o D, BT 2 v F — DX Fr ARk
DHFFEIAL, BRREOUENDOSEENHEL /DT Lo

4lE “Ca (7, n7) “K RIGDER 2177 > - BDO—2L LT, hEEIC BT 5 (r, »*) Kk
LA HHEORREMDBIRNBT b b, TDFK, o hElFHRIZERD backup counter
R 95 3 BD plastic scintillator FIDOFEKETEHIE & Cerenkov counter DK EBRFES
PE LI L - THIOMBERZTEM L TEBE L 177 5 1o

§2. A=40RODBE

8.19 1,97 0%2|
780 780  MANY (nnIRESONANCES a7
ECV 7258 P
N p
=120 LEVELS
5.23
909
521 8,422 @31 ,-
4.88 8LEVELS 9 41 LEVELS
769 331 4
1M LEVELS 766 =2 = 41
a : 7.0 —/————>"—"" 9 ' ||
248, Q 2. d 16 LEVELS
“ ° Y 2
.91 |
’ 6.75 656 — 3 4 2’
36 LEVELS 1AS , [2,256.54 6080 — S5 g_
% 0266:0297— 3 o]
) " 598%2 1
288 6 / 5.61563 2 a4
S ——————————— R - v N
254 — 7' 4 525528 4 2
226229 =————— 3 ’ 521 o
207 3 i
205¢Y/ —00 0 5 2 ’ 4.49 5
1.96 2° ’
} . A
1.64 [e) , 4 374 390 3
089 - , 335 0
0.80 2" ’
/
003 3 4,
40
K
F [¢)

#1H AERCEETS A-OREDEEL.  °Ca
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81, “Calr, =+) “KRIGICERT S A=40FRDEM AR 37, ALE T “K D
TRAF = (E,) 8MeV LT DI R NAF =27 M DREIE #1{T i - foo ZOBEIE, “Ca Tk
E,~8~16MeV ILRG L, “K OBEIRFHEF + X VUL TR x v - H K TH
%o MOBIGT Z DB L THh > T b 2 EAMRICE LD TE

(1) 2R THc, GrossEic X 5 °Ca $5 AIEM M TE FHELERY(¢~0.2~0.5 fm™)
T} E,=83~12.7MeV L DLW THNHN, E,=84MeV D 25, E, =99, 10.3MeV iZ 2K
D1Y E,=10.8MeV & 1~ MO - Tb, fix bl B BEE Tl “Ca @ spin—
orbit partner j,(=7+1/2) BEEERTFNRO2EFSTREOIMI BRI 0B &0
5, 1YEERIDOFLET ground state correlation B LT A, M, Ex=10.8~12.7 MeV

(®K, Ex=31~4.0MeV ) KEEIR >Nz

—

: 40 ,
120f ! Caf(e,e’) 1
sl i q =039fm

ITTC | T | ! v
L |
3

i ,
-100f V '
' I
h " E, =50MeV
7 | ’9 e =117°

4
¢

]
g\ & ‘1 E, =44MeV
ap M o o -165° ]
WW‘M“‘\ . ,3\.‘ i\” | "y A“ ey
2_, ' .0 ‘ i . ‘ ] -v , l' ' Y |
8 j°] 10 1 12 13

%2 Gross ZIC X5 9Ca 5 HAFBUEBTHALDOT AL F— 2= b
(R 2 L n&E# ),
(i)  Oguro %z k 7 180°FFM MR FHELEBR® (¢~=0.7~2.1 fm™) TIX E,= T~11MeV I
DNWTHENLN, (11, 1dgy DRTFZH Y FEBEZBRD J7=47, 37 (E; = 1.6MeV ),
]7!___ 27, 5_( Ex‘ = 8.5 MeV )EK‘—LU\"—E@ L"Cﬂéﬁﬁ%f];@[‘ﬁé"hfb\éo \)_'.}/LﬁA % ldg/g_"lfwz
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Y EEE Lo BRET OBl 4 EREC R BT 50 DELEBEET AR D b T
L7, TORRIT Ejiri FI X5 (p, p' ) EBRY (E,=65MeV ) 58 5 h @i #1181k
ATFER—HLTW5,

(i) “°Ca(p, n) “Sc RIEDEERE Taddeucci %% ( E,=60~160MeV ), Chittrakarn &
(Ep=134MeV ) L & 5 THTHR T Ao ©Sc & VK SI3SEMEBOBRICH 5, BEDERD
Finh, TAANF -5 EBEBTOBEOK DM EWTE-TWS, (p, n) DEE
TR Clfrp 1dy, DR TZELAAY FOfl, E,=2.7, 43MeVIZ2AD 1%, Ex=2.3MeV
I 47, Ex=39MeVic (175, 27) doublet, E,~6MeVIZ 6~ @ stretched state 7% B -5
> TWhb,

CNRHOC ERBELT, “Calr, 7%) “K KIGIC & - T K [EHEIRED EBRI%E 4 17
oo BEWEAEY « TA v A YRGB OHE S L BB RBTREEY AL LTHD,
Cro 7)) RUSORBHER & AL OBUE R U8 « OBMER & 2 1§ 5 © 210 & o ¢, FEARIc
BILME £ - TV 2 EKHIER O quenching DERABL 2 L ThH D,

§3. EEBREBIT

KB FALKFBLERBT 300 MeV B TR BUANE B 4 FAL T fr o 1o 5 2 BB BEL P I 2
i L7-82AY “Ca ( natural ) REFRERE L, (e, 7)) RIS L > THRIE S R iz o 1T %
CEAFBEEA NS 0 A= 2L CERBRSH L 18, SIHAEE (MWPC ) &
backup counter 7/ bL7LABRHBRICE 5 THRHE Lo MWPC BHERTFOMBRED,
backup counter (FRIFEBIIDOEEI L D0 FHEMILBR T BRI N0,

RBEMFIAHEF T2V F— (E.) 185MeV, FDOITXNF —SBEEIT 0.2 B & Lt 4
B " A DR EBY T 3L — 2 RI43MeV Th Dot T BRI AR (0,) 13, 50°, 70° 90°,
120°, 150° D 5 T, Zhud ¢=0.7~1.5 fm™ OFFEAE - T\ 5, CRCMZ T, BRIEER
DOBEHZYROBIED %I LIHZHWT ' H e, #*) n IGOFEY, E.=190MeV, 6,=30°
DT TTI 5T ZOEMET, Bt =4 b T D 5 ASEB)T % L¥—23, “Ca( e, n9)VK K I
LD ot ] FOEEIT RV F — LI13I1FE L L e DRRITHRE L oo

Ce, m%) FUBIC L BB o T 0= 34+ — 2% b At (7, o) RIGHABTER %
Ko HEICE, WEOHDOROBIGRR Z AT,

d?0 (E,, E,) |tem 3 f do (E,, E_I(i))}(r,n)
” dE, 40, J B = X)|—qa, | N e EdE
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ZIZTN, (Eey Ep)BKFTHNAF 27 bov, BV ZBRESGIRE 1 DRI 11 ¥—
ThoHo BT AT b ELTE, FEXT LERNETRPcOBIBBHT LAEXTL0H
D, WIFEE Tiator — Wright ¥ I L - TEIE I hic b0, ®BEL Schiff” K X - TEHB S hi-
& D E R THT %47 5 - oo

Q.
o

(X103*zb/MeVsr)
=]
w

s 8:)

FE
dE. dQ

EXCITATION ENERGY OF K40 (MeV)

BIK LEEMED YCale, ") VKT FLF — 27 b
(Ee=185MeV) /e Ly o o, Mo 1T,
r2-fitting & X AEELEE.

B3I, SEOEBRTIE LN YCale, 77) KT RV F - A7 hLE 50°~150° T
RLUEDEIART b ERT, “Calr, a') VK RIGIC B\ TR A1 OfE M & 478
Wzt TRy 2B AR, I ARS FARORIET AR R L — DB
BERTT A D L L THbI L, BIRDZ Y pAhOlgEEiE, (e, 7 )RS L-T
MR E NS EE X DN AEMOB LR XNV ¥ — L%/ T4 -2 L LT r*—fitting L
P DR EREE TS 5, BENC L 0 A< b AT 5 ~ 6 7 FOF A 0 AT 5 RS
DT, BNFIIFKE6FTANI Lo FhpiE@crr¥—it, (e, e), (p, p’), (p, n)
FOERBTHESHEINTHWZEMORHRT XV F— L ARS MV TEERT M D 2R
TMEOHET R LF - 2HHEE L TREEY RO, TOBR, F3HrRdiEc
B YK % E, =0, 0.8, 2.7, 4.3, 6.3MeVIZE 35 =" B F + XL DIFENE bt is

o

T R — % ORI L TIRE L 1B, RAED T 3 LF— AT MR L, BY
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HRQ L A LW F R 2 EHANNEY €T LT 80 0="F & Mo BEM
‘XN EOHRR °,021 06 0L L05="0 ‘ASINGSI="F °1Y 4 —F1 LT, (L,x 9)BD,, KTVHE

(A34) OVX 40 ADYINT NOILYLIOXT
0

<

031

(AJ) OPX 40 ADYINI NOILWLIOX3
S 0

=3

.06

Wz w o o> o WO DE

e WL D E

Wz >

(A3 OvX 40 A9¥INI NOILBLIOXT
0

(A34) O¥) J0 ABYINI NOILULIIX3
0

e

t
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Y

Vo WD E

Wz W e >
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Bt Fe 4 DEERLICEE 3 ©Ca (7, o*) YK G HEOBHE Rl ZORMRYE 4 BITRT,
M ERIT, RO HEC L > TEbRE (r, 7" OSBSBmEEIC T A7 bL %
B TELNS ot B F TR LEF—-2ART MADOFEETH 5,

§$4. BREEER
IS Tk NPT & > TR B ©Ca (r, o) 0K B4 i AR o 74 B o3 A %

1 O T T T T T T T

“ca(y, Ky,

(1d322 172 )

—

0 4

— =
0 —
l —
(e

he} I~

=

O

o

v

30 50 70 S0 110 130 150
6 (deg.)-

#5 0Ca (7, %) VK g RGBS WIERE DA 5, K

DOMFREEL 1y, — 1 f7,, BBDO DWIAFHRETH50

e (A0 SUME, JEsRs 1 (EF 1 #Es
HoB LN RBILETFEHVT W 5,

10°
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E, (®K)=0, 0.8, 2.7MeV DHFEIDOWTES, 6, 8, 9RIR T, Kb IEiREAR I TEM
WHEBSE DL DW A SHRETSH 2% MEBEROBREHNIARES TR TH, size
parameter b (¥ °Ca OEM S HIREI NI 6 =2.03 fm'M % A 120

85 B, “Ca (7, ©*) “Kyr BUGOBMABENT 5 5o MOMIKIG & OREZCE 0, Ch
Hid 4 (EERRE), 37(E, =0.03MeV ) DELELEEZ HNb, DWIATHEW 1dy,— 114,
DK TFEBAE L b 0T, BR LAH] ZIFEEBT (BT Bils 58 bh ikt
HFNC47)=0240023], N(37)=012 [ 0.15 J VT 5, 50° TIXERME & 5HEME
LOR—BBRLND B, Fhi D HOME CIRMEEEOTEAT—BL T2, (e, e)
Cp, p) (7, 7)) TRIFELWERILETHRLE R & h b, BTFHELICET 5 2 h bR

10 T T T T T T T

OCa(y, Tk Ex=0.8MeV
(1d3i221f72 )

"//,:—_L_~:

ik ®
7\ M2 _
\¥'/__ -

30 50 70 S0 10 130 150
6 (deg.)

£ 6 WCal(r, a*) YK [ E, =0.8MeV ] RIS W S D
Ao, RhOMBRIET, 5 XKEM Lo
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~OFRIZBEREFOAE VEROA TS ERIEINTWDEEDEEZL I ENTE b,
6 ML, “Calr, #t)YK* [E, ~08MeV ] KIGDMOoWEHETH 5, Zhbik, 27
(E;=0.80MeV ), 5" (E,=08IMeV)DELLE2ZbNnb, DWIA GBI EEREDS

f & ARR ORI F 22 LB A RE L,

BALAFN(27)=0.14[0.13], MOMENTUM TRANSFER (q/mpc)
05 1.0 15 2.0 25 30
T 1 T

N(57)=0.4200.351% A\ T L 2
Do M2 R AR A TIEE % \ FSovEeToR ]
Bafll & HBE AR —F L TV K » |
Es BEAEE LA B0 LOEAT 1% N E
RAfaSHOMB A, KRS 3 *F s.026 1
B 5 BBOMAMHAME ) be 50:
DSV B LAY, g DkE g y ]
VEFCREEL 0 b b Fans B [ i
T e B N
MR Cp, p') OB RED f5 g sl |
59 S BHR TV, ChEHT £ F .
iR do CORIEWT, 25°~50° % 10:_ _
PAERCE L TV AEBRBAHE &

WCHB, E5 BEOAMIL GO w;__ |
X % LT I DWBA FHEME (40 sof E
LB T D, COHH bt ]
L LT, HHEEI °Ca ® ground 10; _:_
state correlation #3LNIAENTL ] 5E T SR

0 10 20 30 40 50 60 70 80 90

LN &, BRRRRIC (1fqp Ldae D) ANGLE IN c.m. (deg)

LIS DRI T Z2 LB AL s .
MR PEARELD SR ETR Ejiri %o ©Ca IEHEMES THEL ( E,= 65
TWZ ki EnE 2 b, MeV )L L - TE LRI T=1 ELMDOHGH
EREOASH (k4 L 0Es#E ) .
o Jr=27, 37, 47, 57 #ENL
BALT, flh i 0/ SEBABALRTALELDO)» 2% 2 Thb, 4% TOREN T
(1fyy 1dyy™ ) O—RF—Z2HEMD A %E ZTiep, X 0 BHEM (2p1£)(2s1d)7™

FUAL A 2 5 S RIUE & DRRICED B Do 2 ORETe 1 o —RIF —Z2FLBLAL ORI EHBIEL, Bl
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2% Serber — Yukawa 8 DEEMHAFA % E L T Donnelly —Walker ( DW )™ & & » Cat
BIhTVh, ©OBBBRAAT (7, =) RICHOWER & DWIASHEF D L, 2 ~4-
WBALTE (1 fyy 1dsyy DBEREDFTEE L X THSHOBITIZIFA U TR EEHH 2/3
isho b7 B LTIBRAELEED bt % - CDWOBHBBE A AV 12354, JEMMUE T
[ET ] BALERE~OBBET X 0.12~0.42[0.13~0.351 75 0.20~0.43 [0.22~0.36]
NERELIB, ZORFHIAIRRED ground state correlation , #IREED 46 F %72 FLEK 45
WL THBINLEREEL VDS Z LD,

ki, #£8, IR L ®Calr, n" ) YK*[E,~2.TMeV ] D A DT EE T

]O T T T T T T T

©ca(y, T f°K Ex=2.7 MeV
(1d3i2- 2par)

| % SUM¢ -

3
T

MO

30 50 70 S0 110 130 150
8 (deg.)

8 VCa(r, a*)OK*[E, = 2.7MeV 1 RJE 85 Wi s o
oM, RhOMBEANT, 1dy,—2py. BBO DWIAE
BETHD (BBLRTEL ).
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10 T T T T —T T T

©ca(y, Tk Ex=2.7MeV

pb/sr)

de/dn (

10

T

3IO Sb 72) 9'0 11'O 1130 _1l50

8 (deg.)

HoX FEERMEIESKEM U KpDMREL 25,7 117, &

B DWIAGHEETDH 5o

%o DT RV EF —FIRICIZE 2 8 Tl R IRRIC X - T 1T BEALDIFLE D - Tl
L0, Cr, =) OFESAIE M BRICKEBERITH -2 0oF 2 L TE5Y, oB8HMni
HWThDEEBDbND, 2 TLORMRREBOMELMD I, T3 CHe, d), (d, p)
850> stripping FIGDOEBRFER? Y 2BEK Lico ChBI LD EF, (PK)=2.1, 2.7TMeV
1 ( 2pas g YLD J5=07, 17, 27, 3" EALDFENTD 5> Tl bo 1dye = 2ps D
K FERAEE LT DWIA S EfEA2FE KR T (BRILETIR L LLTHL )0 TORE
RIS OWAEERT 50, HEYEEL . MOBB LIRS > TV L AREELD Do
AR, —RTFRRE T AAF —HTEELVEBEZONAEAME LT (1fayp 28157 )
BRI 5 Do ©DEED DWIA FHEMASE IR T (BEERTI 1 £LTHD ). 5HR
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EX 1 LD SWHBLETOLEREZRL, E, ~2.7TMeV DIRRBIZ 37, 4"+ E 252 &n
T&bHo MEDHHMIIUTE D, ASHOHLLELLRTEETH S MTHBT X,
“Calp, n)OScIGTIX E, (°Sc)=23MeV ik 4" BRDOh-TED, AERTELNA
Ey (K )=2.7MeV DRREIZ Z NITHHE LT % 5 S AR fel

DLERBAEE TOMITRKRTH 5, 58, EREMSE L CINOLOASHOFHINEES 1T
5 eI, Ex (PK)=4.3, 6.3MeVfHEICROND ALY Y « 74 VAV Y REBBOWES
HONRTHFETH A,

& = X it

1> P.M.Endt and C.V.D.Leun : Nucl. Phys. A310(1978) 1.

2) W.Gross et al. : Phys. Lett. 84B (1979 ) 296.

3) S.Oguro ef a/. : Phys. Rev. C 30 (1984 ) 1159.

4) H.Ejiri et al. : Phys. Rev. C 24 ( 1981 ) 2001.

5) T.N.Taddeucci ef a/. : Phys. Rev. C 28 ( 1983 ) 2511.

6) T.Chittrakarn ef af. : Phys. Rev. C 34 ( 1986 ) 80.

) FTRIR, f BERFT e 20 (1987) 233,

8) L.Tiator and L.E.Wright : Nucl. Phys. A379 ( 1982) 407.

9) L.I Schiff : Phys. Rev. 83 (1951 ) 252.
10> DWIA cal. code by H. Ohtsubo : private communication
11> T.W.Donnelly and G.E. Walker : Ann. Phys. 60 ( 1970 ) 209.
12) J.R.Erskine : Phys. Rev. 149 ( 1966 ) 854.
13) H.A.Enge ef a/. : Phys. Rev. 115 ( 1959 ) 949.






BHPHIEERE H20% 525 1987412H 287

1E YBa,Cu:055 & YBa,Cuzs, Co306s
Dk ki &

Bt
B - BBEE - HHER - BAER
TeHRFE - HEH - PR E

EFfYBa, Cus O, DEBILHE DV EDTHAH Cum Co LEML, TOMEBELHE
X BREIHT B O K At AR BT I & TIRE L foo BHTOMR, Co R FIX Cuy, 91 +, la
(000 ) IERINITEET 5 Z Lhbh - foo IESHYBa, CuyOgys & YBay Cuyy Cog 3068
DBRTERTENF N a=3.8644(2)A, ¢c=11.7881(9) A L0 a=38752(2)A, c=
11.6851 (DA TH %,

$1. B &

M7 YBa, Cuy Ory 3 0 K A CBIEEEBREE Y FHF O L0 Wu b KL - THBT
HE I NTLELK, #J7dh YBa, Cuy Ory OFREMBEEKRLBELITE bl ZOMREE
BRI TURIZIE L < T L e D3R OZ AN TR AR 0 A XD LePage 5% (198743
BI3HAZHE) Tho, LePage Bt 40 X 30 X 154m° & 5 RSB EBERE <L » b2 BILD
L, 4808 XEEHTEEY BT XERPTER AT - o LePage 513 YBa, Cu; O, 23}
Fiah DZEERE Pmmm BT 5 & L AR L 1oh, O DIIE FikOZEHEE P4/ mmm %
RE U THE ARSI % 4T - 100

ATT O Siegrist H¥ (XFEERD X R EWT EE 41TV A7 Y Ba, Cuy Op e 12T ZERRE
Pmmm #{RE L TS ERINT 21T - oo TOMREZL1BTEI ALIEHIZFE I N T %,
WA INIAERF ST A — 2 —(IRICHHEFEITIC L > TRES NI D ER C—FH LT b,
Atk A I & B A S e DI B DR 13 19874E 3 A2THICZ I X f- ANL @ Beno 9 1@
LB5EDTHb, Beno HLOBIAERFENT A -2 —FBAELELVWIDEEZBNT W A,

E.ﬁa% Y Ba, Cus Or—; 3R J7dh Y Ba, Cus Orp KK AT 650°C L Lic 42 2 2ic &
> TREILT 5% EHROMEIRGHOMDERM THS Z L3 H — % F — 580D Hasen
B I X 5 TFHEINI, Hasen BRI OBMERFE (50 X 40 X 20 um® ) AW TX
MO REZ TV, BLEEHOKRBEOB  OFH LY & DL 5T LIKHIIL 19874
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3SAI0BICRERLE M LA, Hasen HIZBEEMLHRERD [ 100] & [010 1751
DI — /7 BEBICIE A > TN L Ed D, & O ERTIZHE P4/mmm /> PAm?2
RTAFESAGT, BRTEIRFBTHHI L RVH LT,

IEJifh YBa, Cu, O, DO REMME AT D TRECHHT L DL [zumi 57 (198744 7 6
HSH) THbo lzumi 5k TOF M SMRAEN K i F BT 5B 4 A\ C s ab B SR &
fToteo lzumi SEA & & IESRORMBAR % Siegrist HY DRE L 1oflidh €7V ICHE -
CTEENT L, ARG HE L TBEXARIA SV L0, TOBBREADRE E L DI
Ba & BaiclkE - c @NTHHIEHRVWHL T

FHgoEmEET, 0% Katano 5® & Kajitani 5% 12 & - THEMEREB A A WTHEND
NE-PBERIBBEVOELD S &OOEACIE Tzumi B DRELIHEEIEL LD
DEELLNS,

& YBa, Cuy O, , (7=0.5~1.0 ) (IBEERRBIZIL 0D 5 & Ha, B2 TSR 5,
LER T AN L BLSENE AR L, DWIIEEE L 53, FIIETERS, BdH5
DB R AR E NI L 5> TH b,

Y %0 B IR BE SR OB BB LR T 2 B0 5, BRICEDO Mo cBR %
16 U 7=30He D T OMBRRI s BFent AT L T 51079,

Y KB D Cu RO TTHE & B+ 5 KB Cu- O G BREELXE-TWL 2 EnD
K BETH 5, Shindo & REETAATIC LU, YRELAHD 5%LLED Cu%x Co LE
M5 L BRI HREREENRT R DIES R~ EEL, $91/3 DCu%k Co LERT
LETHMBREOI ENTE S, Cuk Co LERTS I LI TBEEEBREETL,
#920% L > Cu hs Co L BT 2 LIBEERENHEE T S, Maeno 5 (3 Cu%x 3d BF%
B Ni ®Fed ko3 BOTE LBRT S C L2 Lo TERICKD 2 ZEM D F I b
BIEHR~NEBTL DD, FhODTHELERTS Culd Ba & BanM D ¢ M TER
L —RTGHCKEEGLTWACu, Ak, 1a(000), THHETFEL TS,

AP S 50 YBa, Cuy Oy @ Cu ¥4 HNC Co LBEH L 15E, Co NED Cud¥
1 EEREDEDLERDES ETHEDTHE. BWARAEHE B TERIC BV T XARET & itk
FEWF AL, Rietveld B & - TR/ A — & — RRE L IRERICOWTHE 5,

§2. EBAE
BaCO;, Y, 05, CuOR LU CoO#EBALTRL v kL, KKHIZTIZ0CICTHERLE
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RIZFHL, <Ly bRl THEESL » MELTEBER L, YBa,Cu,, Cos O, A K %18
Fo YBay Cuy Oy, BUEHE LI H (OBEHE 030°C b HRKEHbIcHE X AND & Lic ko /8
120

BARARHIBERE < Ly b AR L CIER L oo XAREWT ERICIT 2 BFUEHTEEE % AL Cu
Ky \AAFHXRE Lo U FERNERIZERCERE SN B Kb FRITESE
MARK 20® ik & » TERICEWTER L 720

X BREHT X OFTIE RO I L > TEBR -7 17 7 ARIETAN # v, TOF B bt 7
BT B O EFT I Von Dreele 5 itk s TIESN I TOFLS % Fus 12

§3. EERRER

X HREHT OREREG BT BESM(R) & 7'a 7 7 1 VIR OFSRG ERIER 25 1 iR
To HDEFIIE S éh YBa, Cuy Oy DEHTRTH 0, TESIIIES Y Ba, Cuyy Cog s
Oy DB TH B, Cu%k Co BT LI LI - THAKTD 1/3 D c iR DIEARE
FHNESTIET & 18 B 1201 YBa, Cuyy Cogs Op—p O XBRIEHT RUKL Y Ba, Cus O, [
P & D & B e - T B,

FoOMEEIRIENEN 20=60" & 20 = 150" DRPERIC L - THIE & iz dptE T T X
WThHb, 81 REFARICRGBIEETH 0t AT ERIMG 2R 9, JEE SRR O—%
R R DD L DTH A,

20=60" DEHTRIMICK T Cud Co ik L HEHUC L 5T 006 +200 £ — 27 & 113 £ — 7
DMRTY, BT 114+ 105 =2 L 111 E¥= 7 BB T2 &nibh b, B3R LI 20=
150° D BT B IC 5 T & ARk DA LA R A & £ 93T & 4 HAEHT B OB DK 51348 T
HOBENIZ LB LD TH D,

XREHTIC L » TR ERZREL, 20=600" Ik BF5HETEIAS Ba, Y BLUOD
EEERERD, 20=1500 BT ApETFEINIC L - THRERTFOEE L BEER TR D1,

RDIFERFE T A~ 2 — BRI, DR XBEHFEEY P TFETREO 707 » 1 L
T4y bERofe ORI RT AR BERERE L TRE L IERE T A -2 - F1E
EH2RIT T, B 1RIYBa,Cuz Ory DADTH N, #23E(E YBa, Cuzy Cogs Oryp D
DIEGHRT A~ B —Th bo

WE S NIHERE T A= 2= LRABOLFEAR AT ET 5 &, ThZ R YBa, Cus Og 50
KLU YBa, Cupr Cops Oz & WV OMLFMBA %185 2 &M TE 5,



290

51 FIeR L - IEHgh YBa, Cug Oy D78 T 4 — & — L3EH LY MLLFNCE R & FV TR
E L7 YBa, Cus Opgs D/3T A — X —HHBE$ 5 L, YBa, Cuy 0505 KB TIEHI15% D Ba
BY FBELTWEORK LT, APV 8Tk Ba & Y O & A R T HIERZE,
+0.02, OFEANT 1.0 & LTIV F72, YBa,CusOgys fEdaAd 41 (0 1/2 0.3787(4))
Hb 0 RFEFFRAERBL TN,

9000
8000 | o2 4.Cu.0
-1 YBa,Cu
700 L 2-U3Vg.15
» 6000 F
r
» 5000 o
: <
A 3 © S
- — o o~ (:l
3000 | P &) © .
DO ~ o w
A0+ o~ €o o, S =)
wof © A A 3 —
N I I TR L I NI (T (TTO T70 I - (TN Y
W 10 2 3 a0 50 ' 7 80 90 100
QoS0 ) 2 / DEGREE
w .
5 0 i, s, :_-.f “ _{ iy
'S
L o-1500 -
a
20000
tHe)
of= ¥Ba,Cuz.7C00.306 .81
15000 F
>
S
) o ©
Z 10000 - -
W o —
’_z: 8 < N‘ = e
= o 8 N g
N g
$000 ™ w - o~
~ o o o0 e 8(\- ')
o (@} o ~NO— w o (@]
- — — N
(@] - - ©
or U T Y I T O O Y U LI n I IR EEImgNE I EE R
" 10 2 k1) 0 50 60 70 80 90 100
9 1500 . 28 / DEGREE
w a N :
§ otk — ia l}'-_ F
w500 L
a

# 1M YBa,CuyO;, & YBa, Cuzq Cogs Ory @ XFREHT K
AT REE, BRIEETEEY R T,



291

’; 3600 T T T T T ™7 T |oAas SAAS RARE RARE MAME RARE | LOMRS AR RARS T ™ T
I
>
3 YBGZCU3OE.15
9]
~ 206=60°
> 1800t
(%5}
=z
LLI ~¥
= 2
= o REE2 8 =28 738
[ R T TR TR 1T | I I |
1 1 1 1 I 1 1 L 1 1 | 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 i 1 1 1
T | T | - I
w - 1.5 2.0 2.5 3.0 3.5
S 9007 d- SPACING(A)
E .
o 0 b~ PO A\ A AVAVMV.'A__ —
w
ot
S _900"
5550(} T T T T T T T T T T T T T T T T T T T T T T T T T T T T
C
3 YBa.Cu, ,Co, .0
K 2772.77703 76.81
> 26 =60°
+— 2800¢
wn
=z
[§8] o o
= 2 = b=
z /\/\'\/\‘/\ . o o 0 ) - Ao chont
—_ of o - o o - o o
o= - O = = = o
(AR IR I N RO 11 | 11 | |
1 loaal 1 II 1 1 FOUONS 1 jI 1 1 1 L 1 ll 1 1 1 1 i 1 ‘ 1 L 1 1 1 1 Il
1.5 2.0 2.5 3-0 3.5
W 14007 d-SPACING (A)
=z
w
$ 0o Aps T - ,.VI\V[\A‘W.A.A. Lochomd, ™
w
w
& -1400

$2 20="60" 1K WTHIE L1 YBa, Cus Or; & YBa, Cuz; Cogs Ory
O i FEHT B, 113 & 006+ 200 D —27 (% Cu ® Co BT X -
TE< AN 114+ 105 BLO 111 v — 2 12IME < 72 5T Do

B 2FRIR L1 YBay Cuy Cogs Oggy FEERD /AT A =2 —m b, Cold Cu, 1 METD AT
ETHZ Enbhb, Ticbhb, Maeno 5 O FEL @D, Co ik Cuy—0;,—Cuy—0; D—
WAL TN BT EDR IR, I, —RITEEFEL T\ 5 Cu #IAK Co L EHRL
THHREEEBRENRIET 752 L0EW 2 b, BEERLY)DEIIEEL —RIGH
DT LEFE DRI EvbD bo



-292

’;24000 T T ¥ T T T T Y Y T T T T T &l T T T T T T T T T T T T T

<

a YBGZCU306'15

< 26=150°

> [

> 12000

7!

=z 1

w

—

= o 8 e e3R8 s o
LRI O RN R B

i 1 1 1 1 5 1 I i i 1 1 1 '( A 1 1 1 1 1 1 1 1 i

" 1.0 1.5 2:0

o 6000¢ d - SPACING (A)

g - A _AAM > Aa

w 0 - A= e Al ~f

w

[T

© -6000

ALOOOC T T T T T T T T T T T T T T v M T T T T T T T T T T T T

[}

C 1 - ’

3

3 ¥BaCu, 7€ 3 Og.a1

> 20000} 26=150

-

»

z ! w

= 3 g

z0 S R e 2
N T TR T TR B N B T R N Tt !

1 1 1 1 1 1 L L 1 1 1 1 1 i "l .l 1 1 1 1 1 A i l] 1 1 oL 1 1

w 1.0 1.5 2.0

< 10000¢ d- SPACING (A)

A N . . I .

w 4 Y

w

4&-10000
53 260 = 150° iI& B\ NTHIE L fo i T MY, BT & — 27 DI A

Cu® Co i LABHIL Y - TE LT W5,

H1RUE 2 EOTMICR LIEEE, Rs, Ry BLURGEETNENT 77 HE, T, I©
W pEE, EINELKCR T 582, BIOMETE LA M0 BRI § 55kES
R ERLELOK, BEFRSELY SVIEH b,



293

B 13 I/ YBa,Cus Og s DFE D /85 A — & — Z2[BE P4/ mmm % {RE L

fro BFERIT a=23.8644(2)A, ¢c=11.7881(DA TH 5,

Atom  Site X y z B(A?) Occupancy
Ba, 2h 1/2 1/2 0.1928 (6) 0.90 (20) 0.98 (2)
Ba, 1d 1/2 1/2 1/2 0.90(20) 0.03(2)
Y, 2h 1/2 1/2 0.1928 (6) 0.26 (21) 0.02(2)
Y, 1d 1/2 1/2 1/2 0.26 (21) 0.97(2)
Cyy la 0 0 0 0.35(12) 1.0

Cu, 2g 0 0 0.3618 (5) 0.35C12) 1.0

O, 2f 0 1/2 0 0.66 (11) 0.12(2)
0O, 2g 0 0 0.1546 (7) 0.66 (11) 1.0

O, 41 0 1/2 0.3787 (4) 0.66 (11) 0.99C1D)
Residuals (%) Rg Rp Ruwp

X - ray 6.6 5.0 6.6

Neutron 260 =60° 3.5 7.7 10.4

Neutron 26 =150° 5.9 9.6 11.8

ag 2 % ﬂ;.jj‘l?llaﬂ YBag Cqu 000.306.81 @%ﬁﬂaﬁiiii A — ﬁ o %Fﬂﬁg‘% P4/mmm
HRE Lo #BFERMIL a=3.8762(2)A, ¢=11.6851(9)A TH 5,

Atom  Site X y A B(A?) Occupancy

Ba 2h 1/2 1/2 0.1875 (7) 0.47 C21) 1.0

Y 1d 1/2 1/2 1/2 0.56 (23) 1.0

Cu, la 0 0 0 0.42 (20) 0.70(2)

Co la 0 0 0 0.42 (20) 0.30(2)

Cu, 2g 0 0 0.3595 (7) 0.42 (20) 1.00(2)

O, 2f 0 1/2 0 0.93 (14) 0.41(1)

O, 2g 0 0 0.1564 (8) 0.93(14) 1.0

O, 41 0 1/2 0.3779 (5) 0.93 (14) 1.0
Residuals (%) Rs Rp Rwp

X —ray 6.3 4.8 6.6

Neutron 26=60° 9.4 7.1 10.0

Neutron 26=150° 5.6 10.2

13.0
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Reexamination of Monitor Reactions for
Photonuclear Reaction Study

K. Osada, T.Fukasawa, K.Kobayashi Y.Hamajima, K. Sakamoto
S S.ShibataT and I. Fujiwara TT
Department of Chemistry, Faculty of Science, Kanazawa
University, Kanazawa, Ishikawa 920, Japan

T Institute for Nuclear Study, University of Tokyo, Tanashi,
Tokyo 188, Japan

Tt Sehool of Economics, Ottemon Gakuin University, Ibaragi,
Osaka 567, Japan

Three monitor reactions for photonuclear reaction study, '2C (7, n ) C,
Al (7, 2pn) *Na, and '"YAu (7, n) ™Ay, were reexamined for bremsstrah-
lung end-point energies of 30 to 1000 MeV. Yield data of '"C were in agreement
with the reported results. The “‘Na yields were confirmed to be consistent with
the Johnsson e/ al.’s, but the '*Au yields based on the %Na were not in agree

ment with the reported ones.

§1. Introduction

The monitor reactions for photonuclear reaction study have been extensively
studied in 1960’s and 1970’ s'='®" . The principles of the monitor reactions, e.g.
selection of the reactions and techniques of the absolute cross section measurements,
have been practically well-established, as have been for proton beams as already
reviewed by Cumming!® . The yields (cross sections per equivalent quantum) of the
reactions have been primarily determined by comparison between the radioactivities
and the irradiation dose monitored by a Wilson-type quantameter'” , tilat have been
called primary monitor reactions, or some of the yields have been determined by
normalizing the radioactivities to those of a primary monitor reaction in the same

irradiation, called secondary monitor reactions. However, some of the reported
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results not only of the primary monitor reactions but also of the secondary ones
are inconsistent with each other.

The purpose of the present paper is to reexamine experimentally three monitor
reactions, 'C (7, n)®2C %Al (r, 2pn)*Na, and " Au (7, n) '®Au in the
energy range from 30 to 1000 MeV, and to compare the present results with some of

the previous ones.

§2. Experimental

Targets were metallic plates and foils of C, Al and Au (99.99% pure
metals). For the primary monitor reaction study, the yield of *Na from * Al was
measured at bremsstrahlung endpoint energy (E,) of 850 MeV from the eléctron
synchrotron of the Institute for Nuclear Study (INS), University of Tokyo.
Dose measurement was carried out with a calibrated quantameter.

For the secondary monitor reaction study, the yields of “C and '®Au were
measured by normalizing the radioactivities to those of %Na reported by Johnsson
et al.? at E,=100 to 1000 MeV. At E,=30 to 65 MeV, the 'C yields were
also measured by the same manner but normalized either to the extrapolated or inter-
polated values of the 1.19 times the yields of '“Au by Lindgren and Jonsson 10 (see
results and discussion in detail.) Irradiations were performed at the Laboratory
of Nuclear Science ( LNS), Tohoku University at E, =195 MeV, and at INS
at E,=300 MeV. Though the beam size of photon was certainly smaller than the
target size, the targets of the same size were always stacked and irradiated. Target
thickness, irradiation time and E, were shown in Table I.

The irradiated targets were directly subjected to 7 —ray measurements with
pure Ge and Ge (Li) detectors. The detector efficiency was determined with a
calibrated '82Eu source of the same size as the counting samples. The relevant
nuclear data were taken from refs. 18 and 19 as shown in Table 2. The other
details of the irradiation conditions, the counting techniques and the data analysis

were previously reported 22!
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Table 1 Conditions for irradiations.

LNS INS
( Electron LINAC) (Electron Synchrotron )

Target C 43 43
thickness Al 6.63 267
(mg /cm?) Au 102 250
Irradiation time 5 10
(min )
E, (MeV) 30, 40, 45, 55, 64, 65 300 to 1000
' 104, 149, 175, 195 ( 100 MeV step )

E, : bremsstrahlung end-point energy

Table 2 Relevant nuclear data.

Nuclide Halflife r —ray energy Branching ratio
(keV) (%)
e 20.38 m 511 199.54
Z4Na 15.02h 1368.5 100
1% Ay 6.18d 333, 356 22.9, 86.9
§3. Results

The yield of *Na normalized to a quantameter was in agreement with the
Johnsson ef al.’s® results within the experimental uncertainty. Therefore, the
data of Johnsson et al® were subjected to the normalization of the yields of ‘'C
and 'Au at E,>100MeV. Since the cross sections were too low to detect the
radioactivities of **Na at low energies, the extrapolated yields of '*Au (see sec.
4.3) were chosen for the secondary monitor for ''C at Ey= 65MeV. The yields of
"C and '*°Au are listed in Table 3. Combined errors derived from counting statistics,
decay analysis, counting efficiencies and primary monitor reactions were less than 5%
but not shown in Table 3. It was assumed that the beam intensity was constant

within the irradiation runs.
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Table 3 Measured yields per equivalent quantum of "C and '°Au.

Energy uc 196 Ay
(MeV) (mb /eq.q.) (mb /eq.q.)

30 0.61

40 2.15

45 1.15

50 2.21

64 3.54

65 3.03
104 2.79 251

149 2.61

175 3.00
195 276
300 3.67 270
400 3.66 285
500 3.93 282
600 4.16 282
700 3.98 290
800 3.99 287
900 4.05 287
1000 4.15 299

Combined errors were estimated to be less than 5%. (See text.)

§4. Discussion

We refer the reported results for an energy region of E; =30 to 1000 MeV.

The literature data were not always listed in tables. In such cases, those were

read from the original figures.
4. 1 * Na

The present result (@) at £, =850 MeV was in agreement with the Johnsson
et als® (O). The results by Andersson et al. (1972, &)Y, Antuf'ev et al. (1968,
A)? . Blomqvist et al. (1976, ®)* , Jarund et a/. (1973, V)7 , Johnsson et al.
(1975, O)® , Kumbartzki et al. (1971, K1)* , Masaike (1964, O)', Masumoto ef al.
(1978, 0)'?, and di Napoli et al. (1971, [1)* are compiled in Fig. 1. The solid
line in the figure drawn through the data points reported by Johnsson ef al.®
(O) shows the cross section for the secondary monitor reaction referred in the

present experiments. At E, > 100 MeV, all of the results shown in Fig. 2 are
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of the primary type ; from the normalization to the quantameters. However, the
results spread widely. It is also noted that the 2Na results from the previous
investigators are not in agreement with each other, though these investigators
reported their "'C results which are consistent with each other as shown in Fig. 1.
We find no reason why the spread is wide in the reported results of #Na, but not
so in those of ''C. The present work confirms the statement by Johnsson et a/l.®
that the yields besed on the quantameter measurement were consistent with those on
the secondary monitor of ''C by Hylten® .

At Eo, =65 MeV, we also plotted the yield data reported by Masumoto et
al.'? (0) as #Al— ?Na reaction. They noted the possible contribution of the
(n, a) reaction in detail. However, it was assumed in the present work that the
contribution of this reaction appeared to be negligible.

4. 2 "'C

In Fig. 2 the present results (@) are compared with the reported results by
Andersson et al. (1972, &)Y, Antufev et al. (1968, A)2 , Barber et al. (1955,
A)¥ | de Carvalho et al (1969, 1), Hylten (1970, solid line)® , Masaike (1964,
) Masumoto et al. (1978, 0)'2 , and di Napoli et al. (1968, (1) . At E,
>100 MeV, the present results are about 7 % larger, but those by Antuf’ev ef
al.” (M) and by Barber et al.¥ (/) are lower than the Hylten's® (solid line)
which are in good agreement wi)th‘ the Masaike's! (). The results by di Napoli
et al.*® ([0) are considerably higher than the rest. It may be concluded that all
of the results except for those by di Napoli et a/. are consistent with in about
20% .

At E,=65 MeV, the present results scatter highly because of unstable beam-
intensities during the run, but seem to be in agreement with those by Masumoto
et al.'® (0) which shows as inconsistent value with those by Barber's® (A)
at Eo =70 MeV. However, the ''C data at E, <100 MeV remain for a further
reexamination. Also care must be taken in yield measurements of short-lived

nuclides such as 'C for beam stability.
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4. 3 % Au

The present results (@) are compared with those of Andersson ef al. (1972,
£)Y | de Carvalho et al. (1969, 1D® , Lindgren and Jonsson (1971, solid line)!?, and
di Napoli et al. (1969, ()" in Fig. 3. The yields observed by Lindgren and Jonsson!?
(solid line) were normalized to the secondary monitor reaction on ''C by Hylten® ,
those by di Napoli et al.*¥ ([]) were to a quantameter and the present results were
to the yields of the secondary monitor reaction of %Na from Johnsson ef al.®’ We

)

corrected the data by Lindgren and Jonsson'® for a revised branching ratio of 356

and 333 KeV 7 —ray from '®Au'®'" . The present results are consistently larger by

9, These investigators

a factor of 1.1940.02 than those of Lindgren and Jonsson'
utilized the ''C data by Hylten® as the secondary monitor. The yield data of the
two secondary monitor reactions subjected to the normalizations, i "C from
Hylten 8 and *Na from Johnsson et al.®, are concluded to be consistent with each
other (see discussion on 2 Na). The discrepancy of the present results from those

% s not clarified.

of Lindgren and Jonsson'

At Eo =65 MeV, we also tried to obtain the yield data but our target was
too thin to measure the *Na activity and too far to extrapolate the yield data
from Johnsson et al.® Therefore, in the "C determination at Eo =30 to 65 MeV

) and

are used the shape of the yield curve obtained by Lindgren and Jonsson'
normalized it to the present results at E,>100 MeV (1.19 times the Lindgren
and Jonsson’s, broken line in Fig. 3). It is noted that the data reported by
Andersson e¢f al.) (&), de Carvalho et al.® (I), and di Napoli et al'¥ (LI

differ from the present ones.
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§5. Conclusion
It is concluded that
1. the *Na yields from Al (7, 2pn) by Johnsson et al.® are reliable,
2. the ' Au yields from 'Au (7, n) must be 1.19 times the Lindgren and

10 and

Jonsson’s
3. the 'C yields from 2C (7, n) are close to the reported ones, except for
those by di Napoli et al.'® at E,>100 MeV, but remain for a further study at

E,<100 MeV.
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% 1%—% 238 x 237Np @%&&Vﬂéﬁi&@@é}ﬁgo

s R (s™)

2381 — 30 MeV 287 — 60 MeV Z7TNp — 30 MeV BNp — 60 MeV
8K | 1.45%10° £ 3.62%10° 1.94X 10° £8.73%10% | 4.57x10%+2.74X10"
8Kr | 1.86x10° £1.50x10* 3.43%10°+ 1.45%10* | 5.35X10%+2.28%10" 7.90%10%+ 1.50x102
8Ky | 2.74%10° £8.75%10* 3.14x10° £ 1.43x10* 7.86%10%4+1.97x10%
%Rb 7.22x10%+1.66x10%
NSr | 4.66x10°+1.22x10* 5.92% 10° + 2.88%10* | 1.08%X103£4.58%10" 1.51%103+2.42x10?
92Gr | 4.66%10°£3.83x10* | 6.91x10° + 1.56X10* 1.47X10°42.24%10?
oy 1.78%10°+ 1.45%10°
9BY | 6.17x10° £8.02x10°
%7r | 5.88%10° +£9.29x10° | 9.80%x10°+ 1.14x10*
ONb | 1.07%10° £ 1.78%x10° 1.40%10%+8.76x10"
7 | 7.72x10° £ 9.68x10° | 7.50X10° +8.61x10* | 2.32x10%%1.99x10" 1.87%103£8.80%10}
9"Nb 1.44%10% 1.64%10!
Mo | 7.05%10° £8.31x10° | 7.91x10° +1.67x10*
103R 1y | 5.04x10° £4.83X10° | 8.08%10° +5.56x10° | 8.22X10°£5.88%10"
105Ry | 8.25%10° £6.37x10° 4.63%10° 4 1.95x10* 2.04x10%+£1.91x10°
105Rh | 7.97<10* + 6.88%10° 3.14x10' £ 4.18x10° 1.38%10%+2.18%10°
196Ry 3.19%10° + 3.52x10*
1215 1.09% 10° £ 1.05%10* | 2.86X10%£2.94%X10"
1285 | 7.95x10% + 7.84%10° 6.16x10%47.46%x10*
129Te | 7,07x10° £ 3.88%10* 5.23X102£4.94x10*
BIMTe | 258x10% £ 2.31x10° 1.43x10°+4.94%10"
1B ) 2,.88%x10° £ 9.50x10° 6.29% 10° +1.89%10* | 1.31x10°+2.99%10" 2.38%10°%+1.15x10%
132Te | 3.12¢10° +6.94%10° 7.47X10° +1.26X10* | 3.14x10%£2.39%10" 1.60%103+1.70x10?
1321 | 5.75%10* £2.80%x10° 4.48%10%+3.95%10"
188 e 3.57x10°+3.84%10* | 2.12xX10%+9.70X10"
133] | 6.31xX105+5.75X10° | 8.44X10° +1.29x10* | 1.02x103+1.20X10° | 2.16X10°+8.10X10"
184Te 1.08X 108 +£4.07x10* | 3.38X10%42.25X10"
1341 1 1,06%108 £5.21x10* 1.36%10°+ 1.23%10? 1.75%10°+1.01x10?
1351 | 5.73x10° £ 5.17%x10* 8.42%10° % 2.36x10°
135%e 1.82X103+£1.51X102
17Cs 9.58% 10° +8.06x10*
13983 8.97x10° + 3.84x10*
140B, | 1.16%10° £3.38x10* | 6.01x10°+ 1.67x10* | 1.98x10%+1.71x10° 1.26X10°+3.14%10?
M0 5 | 1.62x10% +2.70x10° 2.056%10%42.58%10"
MCe | 1.45%10° +1.79x10° 9.73X 10° £ 6.26x10% | 1.49x10°+5.94x10" 1.60x103+2.80%10%
142 5 | 1.22%10° £5.66x10° | 5.83%10° +2.04x10* | 7.19X10%+5.50%10 1.31x10%+3.28x10?
43Ce | 1.31%10° +1.08x10* 4.19%10° £ 2.99x10* | 1.26x10°+3.08%10"
144Ce 8.48% 10° £ 3.39x10*
147Ng 5.95% 10° & 6.10x10*
LN | 2.73x10* £2.22%x10° 146X 10% # 1.82x10* | 4.98%10%42.94%x10"
151pm | 6.89x10% £3.58%10% | 8.70%10* £1.35x10* | 2.54x102+£4.98x10"
B | 1.94x10° + 1.05%10* 2.71x107 + 1.50x10°
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— ¢ E. Jacobs HDF — &)

50% ) LTBU BMERT D, ChhEbie (1, n)RILT 2 L8R PU BEEZ RS
&R,

B2 RBIUEINILNZH U BX U P Np OXBHHUERMOEES AR LI DT
Hbo Brh, AHIZERAZTETMBERF NI TFEMRERROBF 71+ v 7D 20MeV HB
HWSHETER LI 7 — 4 Th Do ¥ RERIIBRICE 2 Hh Tl BRSHAERD DK 1 1)
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@®:THIS WORK(30MeV)
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—:M.Ya.Kondrat'ko et al
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MASS NUMBER

#F3IN P'Np OB THRICERY OBEES,
O : 60 MeV HIBIR SR 1T X 2 BB TORERIE,
@ : 30 MeV 4B BRI L ARIEB T DFEERE,
A 1 20 MeV SIBIBUHR IC X B B KR 7 TEMIE ik T OREME,
— : M. Ya. Kondrat’ko et al. 5D F — 23

Vo S, CORDREDT -2 %EB L TV LENSHD, ChETREEIN TV 5ER
B THNRISET S D, SEE % 138D TN BICIEREZ B 5 2 LN T &,

4.2 RBARICLIBERE

F2BIUEIRNTHBON CRIGRRSMEES T5 2 LI X - T, ARSURIST X 58
BRE Am PEBRCRD bhb, —HZ OBHEE T

Eq E
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E, B fTxLF—

Eg: XBEREDLE T X1 F —

® (E) : HIBHEHRR

0w Oy n) RIGOWE R

9y - Oy £) BUSOEBTEB
KE->THEZLREDT, §3.2 TROLOEIDfEEL (7, n), (r, {)OMME" %
BOWTHEI ORD BN 5,

23k U L PNp ORERE ORERE & FTEME DL,

A2 — ® T T ZTuh BERE am (gos™) KTFRED Am/(m @ S)

zxF—  HEwmlg) ERIE ERE HEME  0-SG8MeV)*  (r7!)
Ty b Ey(MéV) x107° x107'®  x107'® x1071 x107%
238 30 7330 Cr, 1) 5830 5260 13.8 5.76
(r, n) 10600 7470 10.5
7090 (r, £) 5950 5500 15.1 5.56
(r, n) 10700 7870 10.0
28y 60 7330 Cr, £ 22100 20100 72.0 4.19
(r, n) 36900 25500 6.99
%7Np 30 3.01 (r, £) 5.04 4.05 14.5 11.5
BTNp 60 3.01 Cr, £) 11.7 12.2 77.9 4.99

*  S=(1.27/2)r=1.27 (cm?) : =4 » N DOEE

B2 R0 B LU P Np OXTFRIBENC L 2B BRE dm OFKBRE L HEBE LR T KA
BB Am X (r, ) OBETERELHEELRS—HEZLTV5H, (7, n) DHBAR
IETEMELSEEEEL D 30BN WEE L - T b, ZORRBRIGHTEEOFHIEC H 5, 2
DI RNF—(HETE®U BLIOC®Np o (r, n) UGKHEEDCT -2 kvw0T, &
T A. Veyssiere ' HDF— 2 ZAFE L TR, TOREL ONETED L -X5
Thbo ®U e, 30MeV BHTIE (7, () RIAREBRET (7, n) KGR X 5%
not) 1/2 THHD, 60MeVIKiebEFDHIE 2/3 EAEL LT 5, 28U &~y
FoBEICE (7, n) RIGTERT2EH®D ¥'Np DB & I 5~ AT, dm Th
HROBHET X NVF—TENEOINRLVEET LS, MV HEOKTF I EYLL) O ERE
OERBE Cr, {)RIETIE®U § ®Np BHZ 2L F-DE LGS BMEWERRLT
Who LrL, ZOBEBTEEFIZT RV F—DEL 753 EHEKEHR DR ERRAE  In
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HAR BU 2 —4 o NRIER L BETE O BER iR
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5@T;ﬁ&%%ﬁ%t0@&%@%Tﬂﬁ?h@ﬁ%l*wﬁ—#EV&5ﬁk%<Eéo
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T, $12P"Np 2 =7 v b T Z OHIFHY 4 fF17s > T 1o

4.3 HELEROWRHECHE

4 455 O 5 RiZF hE N 28U %5 L0 P Np DRSO BSHHERE 27/~ 370 4 OB T
WD X R AR TR b BRI R WEEIZ BP0 24—y FTIXCs Th T 57T,
BT L0 107 B ( 30 ) 1id ¥Cs DY > T B0 T DEH, WRICED D
et o foht, METE RS LTS 0, ZhOERE &FEIMIT Cs 1Kl
% 5T, Total (L/ERUHUEE ) OBEMKTET LCBBT 52 Liciib, ®Np X =7 v
kUL 1Cs MBIRIC b o T e ht, 280 2 =7 o b EARRICAER LTV 52 SIZB B
THDo f T, Total DIRFMAR L PU 2 —4y b EFEALR LIS bDOLHEESN Do
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TIME [secl

S5 P'Np £ —74 v MRIAER LIcHSBED B R
( 30 MeV HIBIHEHE Do

KGRI HI- 0, CHHGEEE, BEFOAASEEE (BRI ), mAfzeE:
BLO~v v -T2 BEL@lxHE L EFE T,
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Trace elements in coal fly ash samples have been determined by instrumental photon
activation analysis using the internal standard method coupled with the standard
addition method. Major elements in fly ash samples, such as Na, Mg, Ca, Ti,
Mn and Fe, were used as internal standards, and then nineteen trace elements, such
as Sc, Cr, Co, Ni, Zn, As, Rb, Sr, Y, Zr, Nb, Mo, Sb, Cs, Ba, Ce, Tl, Pb
and U were determined simultaneously. After adding a known quantity of above each
element into the fly ash samples, each sample was digested into nitric acid using a
acid decomposition vessel. Then, an equal volume of tetraethylsilicate were added
into each sample solution and mixed to make a silica gel. As a result, it was acer-
tained that the standard addition sample was mixed very homogeneously without any
losses or contaminations of elements to be determined and concentrations of trace

elements were determined accurately and precisely.

§$1. B

Hox T & o THAR SN BRERIMNEER D 3, Az 0bo ERENTRERLNZ LD
BB & L TR 270, RS OMERIC B3~ R ) » 7 ABRIHRTEL LS
R L, BB L OHERARC B S NI REFRBACE T TR ANEECFIA L CE
A =Fhicw, ERCELAFELRMBECERIBRINE LVWO B L ERFE -TE
, ERELERNERTE 5o £, JOHEKEHLDIMIHLSHICERTE, STHRAR
EEDAIETHHEVORENRELIE L TR, BEftolvoEERkE L THEBE D
W2 BbDTHD0 TTR, H% < OREEERBONE T KB L OREN FRAMLSHT I IE B
LT 2,

Lo L, ZORFETEAROTMAERRIARTH D), TOBEDL S I LTH—EEEN
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TEERENTEHADNEETSH Y, GINHENEEEREOBBRMELY AL T LT/t b0 FilEl 7
SA Ty ARSI LB O it BRHC B R B AICE ORERK * —ERRINE, HH
Bl RS TFAYY A — N AU TEBE L by Y hyve LTEILT S &0 5 R
BIC X 0EERIBEBE AT L. L L, AFHNCEEINTW AN~ 2T v J « A4 —
S5-I X LB R LTLE L, gEPEETRICFIMAT S LN TEeh T IR
mLT- TR CHNEETENE—RETH O, Rty —BEBRT500BEAN TS 5,
LﬁL,%%E@W%@%K?%&,ﬁ%%@%@ﬂ%ﬁ%%i,i&@%&%+%ﬁ%@f
WL b De FDIble AR HE LT E LT, TERBOSTOBICK R L7
FEEES> R (acid pressure digestion method )& ') % EEEEFRINEE DBRIFICINZ 5 C LIC &
DEBEBEORBVWERERENMELNALNE DDEDWTHER TSI LIC Lic, T, RRFEM
TR OBECTHERDEECOVWTHAELFIA L CHENIDL LR Lice DT, HERERL
T 1-30MeV BHH23 Tl < 20MeV BH TOEEBREMIC >W TR 2 M2 5 2 LKL
720

§2 £ B

2.1 BHBLIUHE

REHT NBSEAD SRM 1633a coal fly ash 8L BCREAD No. 38 fly ash %
%Aﬁo:h%@,mfﬁ%%i#—7y¢f1%tf4ﬁﬁﬁﬁéﬁto%@ﬁ%@%n%
NO01BLV02%THo10

1o, BERIMET S o0& FREBIITTHE OEEERRL, RO FRIESHT MR
(1000 g/g ) b LT, GMESE T 3B ARCER L —ERECHE L, 0%
Atee ZoMORE, BEEZTXTRESITRAD S D% VT,

2.2 REEEEY ‘

Hop UDEE LERE 1 g #FBEFED LD, 770 v Ly KRB L, E& HRITHEOR
TS A M T & 70 5 X O RA L b ORI —EBHM L, KT, vy REA
FYVUABIESRES (2= v -1 )it Ah, B 10ml 2Nz /52T, BEXA—7
v 150°C T 5 BEIKE LT o Lo —B, WBA2R&RE 0L, AMiE#2ml B
YUOFhIZF AV —b2ml N2 CELSBRE Lic, 7k, EF L v TRy,
TR )= AEIOMBAYER S#1-0b, 400°C OESKF T2 KRR Lico £ LR
KRR 250mg B & > CERMET L =Y AECEE L, BE10mm DLy MRS
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Lico Eho, RAFEOZE SRR L/

2.3 BELLUAZE

BRI T L F — 30MeV , FEE 120 uA OEFHEE S 2 mm 0 E1 ST HBES
WEHR L TAT e > 0 XU v MROBRRHIAEECHA L, KRBtV & —HOBSRE
7510~ 15cm OMEBIEE L, ThZh 3R Lice B, AREHFLRTri=
LAEICEEE L, ABRERO RN E — IR 0T,

BSHRERIEIL A — T v 78 Ge (Li) B3 ( FWHM 1.9keV , 20K 14% & L < (X FWH
M 1.9keV, BEK30% DR AARRFNHEEE Y ) - Fi3F v+ VIRV Y - X357 52
TAFF 4 VFNATFIAF—REHEL, 170 0Ry b EFALCEBRIEEE Y
HAGCTIT - T BEHE, $91 ~ 585, 3~10H, 3~48RH® 3 >R 5 THIE
REORL, EERNTLENDER LB L 0BRSS5 r# SNERSEETE R
TOT — 2% EBERFIM L,

§3. HRLEBE

3.1 EREHMTREIANEETER

As, Ba, Ce, Co, Cr, Cs, Nb, Ni, Mo, Pb, Rb, Sb, Sr, TI, U, Y, Zn KLU Zr
DISTHEXEBTHI LIL Lo 72, 20MeV 5L U 30MeV BEHC L 5 Sc » E & D7 A
B OWTHBHTEI L Lo CRODERICFA LIBEEZOKT — 2138 1£(alic
LT,

KRB S N E A FRICE =2 — T 510, WEETRICERICE—cath, 7
BRECHE LB L AR T2 S0 REDLEN DD, OB, B—D rRIETEFRTS &
REBENRE TN TOTES LRV EEELDNL, £IT, JRAF 2 v JOOBLTH
BOREELFIMTS - EiC Ui, NERETRICIIAHOEER S THS Na, Mg, Ca,
Ti, Mn 3L Fe ®»6 LEAFIA LI, F1EE DKEINLOET —2ERLIEHE, Thb
DWEETE D LA T 5B LB BRE L DFEDF — X —DLDETEZEATED,
WEFROBEPBICEWTE , BEON v IBEAABEE -7 L LTRIAT S 2 &0 TE oo
LIAT, BERLLE DCHNEECFIATS *Mn (E Mn X0 Fe nbER T L0
MoTWbhe NBS 7547 v aDEHIC Fe M 4ZBBVWBETEENTWAHEIT, A
B L7 Mn DFI 80% 1S Fe b SDTH Do $7c, BCR7F17T v 2Tl Fe 73.38
%EENTED, *Mn DR 40%H Fe hBER LD THS ¥,
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FEILTDL I Lo T3, REH SRR T2 ¥™Sr @ 388keV /7 v < # & FIH L TSr
DEBHIT >Tco FRFIC Sc bEBAIRETH T £/, 3~10H T Ni, Zn, Zr, Nb,
Mo, Sb, Cs, Ba, Pb BLXUOUD I0TEDEELX T 710 IBHIT, 1 HAKTE Cr,

# 13 Nuclear data on photon activation anlysis of environmental materials.

(a) Elements to be determined.

Element Reaction Half — life Principal 7—ray/keV
As ®As (7, n)"As 17.78 d 595.9
Ba 1B, (7, n)'*™Ba 28.7 h 268.2
Ce WCe (7, n)'*®Ce 137.2 d 165.9
Co ¥Co( 7, n)*Co 70.8 d 810.8
Cr 2Cr (7, n)%Cr 27.70 d 320.1
Cs 1805 (7, n)¥Cs 6.474d ’ 667.5
Nb BNb( 7, n)%™Nb 10.15d 934.5
Ni ¥Ni( 7, n)®Ni : 36.0 h , 1377.6
Mo o0VoC 7, n )Mo 2.75d 140.5
Pb 24ph( 7, n)2%Ph 52.0 h 279.2
Rb BRb( 7, n)*Rb 32.9 d 881.6
Sb 88h( 7, n)'*Sb 2.68 d 564.0
Sc $53c( 7, n)*Sc 3.93h 1157.0
Sr 8sr(r, n)¥™mSr 2.80 h 388.4
Tl 2T r, n)2%TI 12.23d 439.6
U ByUCr, n)®U 6.75 d 208.0
Y 8y (r, n)®Y 106.6 d 898.0, 1836.0
Zn #7071, p)¥Cu 61.9 h 184.5
Zr 07r(r, n)¥Zr 78.4 h 909.2

(b) Elements used as internal standard.

Element Reaction Half — life Principal 7—ray/keV
Na 2Na (7, n)%Na © 2,602y 1274.6
Mg BMg (7, p)*Na 15.02 h 1368.5
Ca “Calr, pI*¥K 22.3 h 372.9, 617.8
Ca ®Calr, n)¥Ca 4.536d 1297.0
Ti T (7, p)¥Sc 83.80 d 889.3, 1120.5
Ti ®Ti (7, p)¥Sc 3.42 d 159.4
Ti ©T7i(r, p)®Sc 43.7 h 983.5, 1037.5, 1312.1
Mn SMn( 7, n)*Mn 312 d 834.8
( Fe %Fe (7, pn)*Mn 312 d 834.8 )

Fe Fe (7, p)**Mn 2.579h 846.8




325

Co, As, Rb, Y, Ce KLU Tl ®7TLEDEEXIT-> 10

3.3 EERMEHOH—EOFEE

ERERINPEEEDFEERIUTOL 52 b b T7bb, EBEANTEZRAE «
g ahRFHNC BHITLE yg I L 0 ERUEORK 2 HAHE L, EEBHTTHE LR
Eh bR T ARERE DR ZHRMER (R*) ERUEOFRE (R) oW TExhEhHE §Th
i, x=y/ ((R¥*R)— 1) RIDRAB xg ZRDHIENTED, ADHALLRLD
W, ERHUHEER O (R*/R) kA &, BUEHMERRIE I, 5 & O IFFRE CIRSHR IR,
BEDD 4 A M) EIPHEBIND LRI D, £ T, (RYR)ZHBOABTLL D
BERONBRELF 5 TRD S &, ZOEDE L D& H LRGN TOEE TR PR
ELRO—MLMD L ENTE D, &, GINEAROE—ML2#»DSH L ZILTD
IoThErivwsicin b, £9, RAERK B LOGRIREEZRE h o3l L TRE 3
bo T, RABBBIOERBEEL RiT—E LA L, BB OFHELRA TS
ERT D, DER, BIRK T h T h OERBSREE R* # EBRICA L, RAE 2 g %
Kb, FDOELDELRNNEGINER OB —-HELERD LN S,

CCT@,-%&LTNBS@CMImI%h¢®Sb@%§%%%%2§KﬁLtocc
T, (IS AThIch - 1258, (DIERSBEZTT - IeBR I ThEh O WS 7 % (E
STELDNLEEBEREZTR LT3, ED@) bbb b X5 KBS R E1Thioh sk Tl
“Mn B LIt b ZEDATEBRERDIELDEDRRELS L >T 5, BIETCHRNLIIC,
KRB DOBE ZPERECFIA L1 > Mn (32 D 80% 1 *Fe ( 7, pn )*Mn UG THER LT
LOTHDLZEDBbhroThbe ZDIH, EREDXLDEIWNEETLRETHS Mn &4 5
L0 LAFe IRBILLIZERZEBR LTS, LL, BEDDINBHEBRI S ITIE
B R 5T - R CE, A EOFEHE OIS D& (T > Mn ¥ NI L1255 TH M OPE
ETOFLOELARERL-TED, BEEIRD DI 5Too RERTIIRS B ICRN
BOAEERAL TS0, ARNTELCHGBIN TSI TR, ETORERLY ) %
BHEMIN Tt TR G H LT, MERGMEE L W OBERBIFELZNZS Z LI X
- TEERNAR OB —MEZM ETE 5L 5 2 LRSI,

ME, PR R 0 —tEXR CEE 28R R Lo L THELD 5 L WO hERE bR
TWBH MW, L L, A& TIREEITE & NEETLE OEBRSHELL DX b2 & 2 I HE
TE5ZET, RBEHERBOELLPRE—THD L, LbERLERSCAFETEDS D
EDOLZEDH—MNECDN L EBITMB I ENTEL I Ehbh 51,
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#923% Results of determination of antimony using two kind of standard
addition samples prepared by a simple addition method and a acid
pressure digestion method.

a) a simple addition method

Internal standard

Concentration/ug *g™*

Nuclide 7r—ray/keV | Nol No.2 No.3 No.4 Average  Std. dev.
BK 372.9 6.62 6.93 6.35 6.51 6.60 0.24
BK 617.8 6.34 6.55 5.98 6.20 6.27 0.24
Ca 1297.0 6.61 6.55. 6.06 5.79 6.25 0.40
8¢ 983.5 6.25 6.26 5.74 5.93 6.04 0.26
8Sc 1037.5 6.27 6.17 5.75 5.80 5.99 0.26
®Sc 1312.1 6.21 6.48 5.68 6.01 6.10 0.34
2Na 1368.6 6.60 6.71 5.85 5.93 6.27 0.45
*Mn 834.8 6.15 5.49 3.62 4.18 4.86 1.16

Average 6.38 6.39 5.63 5.79 6.05 0.40
Std.  dev. 0.20 0.44 0.84 0.69

b) a acid pressure digestion method
Internal standard Concentration/ug *g™

Nuclide 7r—ray/keV | No.l No.2 No.3 No.4 Average  Std. dev.
8K 372.9 6.07 6.61 6.19 6.48 6.34 0.25
8K 617.8 6.16 6.17 5.75 6.64 6.18 0.36
“Ca 1297.0 5.91 5.91 5.58 5.79 5.80 0.16
®Sc 983.5 6.20 6.36 6.02 6.30 6.22 0.15
83 1037.5 6.08 6.29 6.12 6.54 6.26 0.21
%S¢ 1312.1 6.02 6.29 6.11 6.26 6.17 0.13
%Ng 1368.6 5.86 6.20 6.08 6.21 6.09 0.16
*Mn 834.8 5.62 5.81 5.56 6.18 5.79 0.28

Average 5.99 6.20 5.93 6.30 6.10 0.18
Std. dev. 0.19 0.25° 0.26 0.27

3.4 EERNEHSTOTROELEFTLEOFEM

KED L 5 ICRBNAZE IS 175 B& 1Y, TROBELHER DT » v 7 FFTRTH
Lo MR, COLONF v /I N V= —ERFIAINRTE, LA L, ML= =T
i L= — RO TR LALEMICA B R T3 Z LRI - TR D, BARHROT
EFDLDOERBHTE 2T T\ 52T, KEETEROBRPFBEROT = v 7 ITHHH
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8 3% Results of loss and contamination test for Cr and As in the standard
addition sample prepared by a acid pressure digestion method.

a) Cr (®Cr, 320.1keV)

Internal standard (R*R)
Nuclide 7—ray/keV No. 1 No. 2 No.3 No.4 Average  Std. dev.
3¢ 889.3 1.01 0.98 0.96 1.01 0.99 0.02
*Sc 1120.5 0.99 0.97 0.97 1.03 0.99 0.03
2Na 1274.6 1.00 0.98 0.95 1.02 0.99 0.03
Ca 1297.0 1.01 1.01 0.97 1.03 1.00 0.03
Mn 834.8 1.04 1.00 0.99 1.05 1.02 0.03
Average 1.01 0.99 0.97 1.03 1.00 0.03
Std. dev. 0.02 0.02 0.01 0.01

a) As (™As, 595.9 keV )

Internal standard (R*R)

Nuclide 7—ray/keV No. 1 No.2 No.3 No.4 Average  Std. dev.
#65¢ 889.3 1.04 1.01 1.00 0.99 1.01 0.02
%S¢ 1120.5 1.02 1.00 1.00 1.00 1.01 0.01
%Na 1274.6 1.03 1.01 0.98 1.00 1.00 0.02
Ca 1297.0 1.04 1.04 1.00 1.00 1.02 0.02
%Mn 834.8 1.07 1.03 1.02 1.02 1.03 0.02

Average 1.04 1.02 1.00 1.00 1.01 0.02
Std. dev. 0.02 0.02 0.01 0.01

TELDEIDRDOVTHAN, ZOLH T = v 71T, EEGMRORE L4 R L
fECREDEEHRITLRD AL ML WA AR TIUE I Ve L, TOTRHERLEK
DA Ll > e vicid, ZosB TR bh 2 HERETTHR & Ei B TTHE O LUK EED
HR*IRUEORETHEONE R ERAUThiFIie 6§, (R*/R)=1 &5 3T
BBo NBS D751 7 9 aTCr & As ROWTHANEREYE 3IED (a) & (bIcFh F
MR Lico WEBREIZIE Ti B *Sc, Na»Bo #Na, Ca 1250 “Ca 5L Fe & Mn H»
B0 MM HFIA Lo Eh DB LA LD IC, ERBSMEROEE Cr, As WEFhOBA b
3EF1 &7 -5TRD, XEBROBIERTOBRLBRITI D 5o LHE S his,
3.5 30MeV BHTONBS 7547 v Y1 DEBRER
30MeV RHICL B NBS 7717 v v 2 DEBREREFEARICR L, HEDD, Rk
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# 4% Analytical results of 30MeV photon activation in NBS SRM—1633a
coal fly ash Cug/g).

Element Nol N2  No3 MNod  Average Certified  Literature® (n) Korotev#

. As 150 142 135 134 1407 145 £ 15 144+ 2 (2 145%3
Ba 1410 1450 1360 1520 144070 (1500)* 1400+ 200 (14) 1320+40
Ce 164 171 170 176 170+£5 (1800* 175+ 8 (7) 168.3+ 1.6
Co 434 448 455 449 446+0.9 (46)* 43+4 (8 44.1+1.0
Cr 209 198 194 18  197%9 19%6+6 193+5 (9 19«5
Cs 11.3 112 109 11.3  11.2£0.2 an* 100+ 04 (7 10.4+02
Mo 291 289 316 309 30.1%+14 9)* 31+4 €))

Nb 305 303 299 309 304£04

Ni 128 126 131 126 128=%2 127+4 124+ 12 (4 130+27
Pb 66.5 595 657 669 646%+35 724+04 65 €))

Rb 131 129 127 131 130+2 131+£2 140+ 12 (@ 134%3
Sb 6.0 6.2 59 63 6.1+£0.2 C* 71206 (6 6315:I:‘ 0.15
Sr 83 819 820 7%  81Tx17 83030 835+ 40
Tl 6.4 6.1 58 52 59+0.5 5.7+0.2 4.4 €D

U 9.2 8.9 9.9 89 93+05 102401 104+02 (4 10.3+0.3
Y 790 829 814 822 814x17

Zn 231 243 248 254 24410 220+ 10 235+16 (1) 240+ 30
Zr 228 228 229 231  229+1 37050 (4

* : Information value, + : Compiled data ( Gladney, 1986 ),
# : R.L.Korotev. J.Radioanal. Nucl. Chem. 110 (1987 )179.

NBS OREHE & Bl , Gladney ik - TE L LR IIHE " BLORA#ME Shic
Korotev DFATE 14 & FFICR L1z Nb R Y (ZMBOWME M\ o B AT & 7 WY, i
B OSHHERPRICR ST 20MeV TOGHIEREFZRV—HER LI, U AT RERIC Hs
TENMEZ R Lo, WAV EERBEOBEOHEREYERT 2 TFECH L. Zr
Korotev DM & (2—3k LT %55, Mo STBMEREVERZ /R LT 50 Pb (3 *°Pb D279 keV
TEAFIALTCERT AN, SEBICHE TS Bahb ™Ba KA L 276 keV 78R 2 H 3 12
B, FFOMOBREICL B2V T Y e Ny 07TV FOLDIE SNEMMET Lo £
ted, BEFERMENEL, RIHE &L D—BDE - oo TOMOTRIC OV TIIKEE, EHES
ELRIFFITRD - 1o
3.6 20MeVEBHICEBNBS 7547 v ¥ OXEBFHELSHT
IhET, MEWETFI 1 v/ 2FA LEERTREMES Tk, BE LHELRHO S
T2 30MeV BTN TE ¥ L L, St 20MeV IEDHE T, SFHEE TH 70
pABREOHNIIELNSZ Ehbh oo & L, 20MeV BEHC L2 BEMESH i TEhL,
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% 5% Analytical results of 20MeV photon activation in NBS SRM—1633a
coal fly ash Cug/g).

Element Nol = Ne2  Average 30 MeV Certified Literature* (n)  Korotev?

Ce 161 167  164+3 17045 180X 17548 (1) 168.3%1.6
Co 443 430 43707  44.6%0.9 46)* 43+4 ® 44.1£1.0
Mo 297 275 286%1.1  30.1%1.4 Q9)* 3144 3

Nb 299 293 29.6+0.3  30.4+0.4

Pb 723 680 702+22  64.6+3.5 72.4+0.4 65 €D)]

Sh 6.3 58  6.1%0.3 6.140.2 (7* 71406 (6 6.15+0.15
Sc 386 393 39.0+0.4 40¥* 3843 38.6+1.1
Tl 6.3 54  59%05 5.9+0.5 5.740.2 4.4 D)

U 9.0 9.0 9.0£0.0 9.3+0.5 10.2%0.1 10.4%0.2 @ 10.34+0.3
Y 787 82.0 804%+1.7 81.4%1.7

Zn 190 222 206+23 244+10 220+10 235+16 D)

Zr 243 239 241+2 229+1 370+50 @

* ! Information value, + : Compiled data (Gladney, 1986 ),
# : R.U.Korotev. J.Radioanal. Nucl. Chem. 110 (1987 ) 179.

INETHIELDLETS - I ERRIGAEE T ALENRR b & Ebic, BEREL ST
FERSTHAL Mg, Ca KLU Ti leEmbd (r, p) RIGK L BEBERDIL NS T
DT, BESBILENIOERTIBRELOLDO B — 7 DOSNEAR ETAEFHINS, 2
T, 20MeV BEHC X 2 BEHMESHT OFTEEHIC DLW TR 2 & 21 L,

T, 20MeV TORMHEHIIE Sc HSN B ERTE o 30MeV D & ¥ (T BHE 3 ~
0ACTERELETROBEALZBACER TS L TER, &<, Zr, Nb, Mo, Sb,
Pb KLU Uk ETSNEARELE LirL, Zn 0EBCHATS “Cuit (7, p) Kb
THER T 5720 30MeV D& ZFIHENSNBIBELS Koo $o, BHEBEH1 HATERE L
Co, Tl, Rb, Y BLU Ce It EDLEIISHERERTE s 20X, FERSTH 5
Mg, Ca, Ti, Mn BX U Fe L OBBREIHEFIICIE it s ok, i DRV ETE
BASET IHDENTE . 61T, Sc BHERRIEOBIER LIC, Nb i3 r S O®EA 0
DYERMIE LKEBETAZ ENTEL, ZDIEh, SEERE LA, -7 Ni, Cr, Sr, Cs
BLO Ba TH SNEAFEETAZ EAHELDBRI Znid®Zn (7, n)®Zn RIE% A A
LHi3 5 BB 2 EDRE S htco As DR OBED Ca b b0 K 0 504 keV 74 Oz b
ORFER S B BB b VWEBETH - 1o Cr OBFEDHIELARETH 70 L L,
AP BEIL 30 MeV DBE I BRThie DKL, BT IEEMA A5 D S ORE OS5 HHIC
EHEENE E DD - T,
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srgem L s s | fo, 2 HORBOST AT LT TH LA, £ OFEHEIL30MeV
TORBREREDMOTEEL S L bBC—K LT, t9BE, ERSPHFTELIL
ﬁgbﬁ)‘ﬁ fn:o

s 2 AT, Sc i 30MeV RS TIE 55.3 ng/g & 20MeV DOBE D 29.0 ng 1< BHRTE W
a7 Lo Zhit, 30MV o8&, £ T2 Ti 75 *°Ti (7, pn)*Sc RIGIE LT Sc
DEBCFIAT &L —OEIER Lz oI EOBRERYE X cbD LB X LI 7

SA4T 9y athiciE Ti M 0.80%&EhTED, Fhd Sc D 16.3 pg ICHB LIl LIl
b, FEDORLLELEELIZ2X 1072 ERDDZENTE, THET, HEORE
BFNFNTEROEMENA Y & 2 A—&ETHEL TRO LR TE A, Ti e & TEAR

b REA DRI T, “Sc DAERBLXIFRICKRD S - LR TERM 5T LRL,

TFETR DB S b L RHThHLRRCAE L BATE, BRI OpERZNES

AL EMTESL T LR ENT

% 63 Analytical results of 30MeV photon activation in BCR No.38 fly ash

Cug/g).

Element No. 1 No.2 No.3 No. 4 Average Certified
As 48.4 48.3 45.6 47.3 47.4+1.3 48.0%2.3
Ba 559 535 506 501 525+27
Ce 129 128 124 126 127+2
Co 54.0 54.4 52.5 54.1 53.7%0.8 53.8+1.9
Cr 185 189 175 190 185+7 (178X
Cs 13.6 13.3 12.9 13.1 13.2+0.3
Mo 12.3 12.3 12.9 13.1 13.2+0.3
Nb 21.1 22.1 20.0 20.0 20.8%1.0
Ni 182 185 180 180 182+2 (194X
Pb 264 267 263 260 263+3 262+11
Rb’ 188 190 182 188 187+3
Sb 8.2 8.8 8.3 7.8 8.3+0.4
Sc 25.8 30.3 24.5 25.7 26.6+2.6
Sr 204 204 202 198 202+3
Tl 2.0 2.1 2.1 1.9 2.0£0.1
U 6.5 6.4 6.1 6.2 6.3+0.2
Y 39.1 38.4 36.9 38.2 38.1%£0.9
Zn 588 572 573 575 577+8 581429
Zr 155 155 151 152 153%2

* : Information value.
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3.7 30MeVEHICLZBCRISA7vya1DABFHE LI

DEW, BCRD7 717 v aD30MeV TOEREMBELE 6 FILRT, FIRLILLD
I, ZORABHIESBOSHTAICHRE SN2 b0 T—HBOILE LHoHELIE LR T b,
TNOREDERENETLRCOVTEIAERER LR LT 5, ARAFHINBS 0
DIZHA~T, Zn 2 Ph il DWW TTREDS & <, As, Ba, Mo, Tl, U BXU Zn THEL /¢
S TWhe 2T, HBIKICE S Ti O5HE 0.53% KL ORIEITRD I Ti OEFERE 2 X
107 b, Tild Sc IKWBE LT 10.6 ug/g DIIEELDERESZ EMTE I, EHOD Sc
DB & DIEMIE 24T - IlETH 5,

38 ¥ &0

Db, KR TE 7717 v v 2 R ORERMABER IC LA EBIC DWW TEA B L
Tzo &9, MERME, 2=V — VI XBIMEMSR AT S &, FEFCH— BRI
FHTE D L hibinoto FOBE, BBHLIEH D As © Cr OERLE%E DEEIC DL T
FANCELAH, TREDOFRETINZEDbh -7, T, 20MeV BE 1T L 2 BgH Lo o
AREEIC DWW TR Lic s 2 A, BERABGOEGBOTRBICIFFIHE L T 52 Lhibh -
s

BB DOEFT T~ To L 5, BEERIMNEER T B TR ER T2 20T, &
Ko —t, 5HMRE, (LFABRIC L AHRCBEAORE, HEKNIGORE L, EBOIE
BES 0 LS5 2 TRTR OB >\ T b ABHCE S mE A 5252 LOTE R
BRHLTERIELE ST EMTEL Y,

B % X K

1) M.Yagi and K. Masumoto :J. Radioanal. Nucl. Chem. 83 (1984 ) 319.

2) M. Yagi and K.Masumoto :J. Radioanal. Nucl. Chem. 91 ( 1985 ) 379.

3) K.Masumoto and M. Yagi @ J. Radioanal. Nucl. Chem. 100 ( 1986 ) 287.

4) M. Yagi and K.Masumoto : J. Radioanal. Nucl. Chem. 109 ( 1987 ) 237.

5) K.Masumoto and M. Yagi : J. Radioanal. Nucl. Chem. 109 ( 1987 ) 449.

6) M. Yagi and K. Masumoto : J. Radioanal. Nucl. Chem. 111 ( 1987 ) 359.

7) M.Yagi, G.lzawa, T. Omori, K. Masumoto and K. Yoshihara : J. Radioanal.

Nucl. Chem. 115 (1987 ) 213.
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HOMBFRIRRE H20% 25 1987412 333
LRSS — LEPS 1T & 2 AMAKNE 3 ALK O 2 70207

ECRRERFE AR, S ™
VEBRIRHE « #x —F - Ingke g™

§1 #

BastE T B (TPAA) Ik % Mb4HRETH i Low Energy Photon Spectro-
scopy (LEPS) 2 M T 5 HIEBE LTk, 08, RESCEASEIG S HEDRE &
DIEBERT 72D O EMERHCERFE T 2B TEO S~ DI A D\ TS L
oot ?

EMEEERM LR 10~ 80%1KT, BODOKBFIIRE, AF, EEBLOBEND
WEOEEDT B 5o BEMEGITICHER T 25 AT A BEZIRT A0 L 0%\, SEREk
DEECINLATLEDAETINBULELBEDN% . LEPSTHI0 keV Dk X% HI
ET 556, ThbD< b v ATLRICER T 5 XEEMRE DRI 12 L < fo 0 5 is 2
CXRTDREDERIC /D, LIchi T, Akt KBV =RK D~ MY v 7 A5HEM
OB L > THA U LERBIROERZ ML, WIELXRTUNEDRSD S,

APFETITET, BEOBESY AV TCLEPSO L XV ¥ —§IRIC BT A XF T 21 ¥ — LR
W & 23D & OBR A TN, BRSFEOER L MHIET AEBER 2181, ko, AikEs
e b O & BRAER S LOBEDOEWKEENEOMBETESFCEA L, Ni, Zn, Br,
Rb, Zr, Mo, Cd KLU PbDOFEES R, Rk #AHEFEA WS Lo

i

§2 £ B

AR ORB S L OHIBRSIC L A HEHE, RV L3 ERETH 5. Thbb, BEBK
AR IR L TERI0mm DXLy b & UTHER Lo BIbKS L INAC THnEE L 72 30
MeVEF E—L2EX2mmD[E 2 v/ — 4 —THENES r BB L, BRNCEE L
K KGR R L & — DT a0 2 ~ 3 BFRARAT L1co SABREIIRE OBEHIEBE TR 7 X 10°
Rmin ™' CH 5, & MO IS L OB BAMIIGEEERI KSR 5= D DIREESY 5 1 o F5
e k bﬂ@%’%@ﬁi%ﬁ}ﬁ L7z flliz, NBS® SRMs, Orchard Leaves ¥ L (¥ Bovine Liver
w ATz, HBGERRHT TAEA @ SRM H—8 Horse Kidney 5 XUSSHERKE D 2 %
Co ERUHEGRHIE B ERTR DMLY O—EEY Lo = 2K EB—IBML, 20 240
mg (FILFIC 2T 100~200 £g g™ DFFEBICERIOMmM OX Ly MCRE L TRV,
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EREEDE R Y LAk &EY T2 & —& LTHIIE LT,

LEPSIc A\ /- HpGe MMHE:, 7B AV oGe (LD iz JOWRE S HTieE b BE
#12 LALTHD

Fe ks, I DR i B fo B R B K130 Zn, P Se P RuB KM Ce TH L DY,
NI E L & - 13 Bk —& B A R P B 7Ol Ll LA Ui, Bdtid
W LERFERT IR ORFIFTIT/8 - oo

§3 HEBLUBE

570, Se, W RuBLOP Ce AT M v 7 ADMERDRE BN LAERIZRDO LD D
5. AFEOWERECH e — A (Ce Hio Os ¥R, Orchard Leaves 5\ (&
Bovine LivericyRiniEa L CEI2BORKILIER Lico T hEh, 230mg%x SV » Michl
R LCEE S Lo HADRKOXHEE IO TRANI bLREEL, XBRBEL, &7
Qs [7 & IPED AT BT 5 € — 2 WRGHIERE LR, [y /Iy WERH LT
BV XHRE T REH L RIOR L,

o —A%<T MYy
# 13% Nuclides used for self-shielding x 7

measurements. pAELIHED I/ ¢
Nuclide X—ray ( keV) r—ray(keV) fEx##e L L, Orchard
5 7n Cu—Kai, Kgz 805+ 803 1115 Leaves & Bovine Liver
™ Se As—Kai, Kgz 10.54+10.51 269 DI Ew T DL, T
103 Ru Rh—Ka1, Kez 20.22+20.07 497
139 Ce La—Ka! 33.44 166 EHT Iy /Iy fEDVNES
ik X $R I 3 B sy &

Bk EWE ERRE Lo I/ I fEDOEN 2 — ALK T 2HPEE, R= LUy /Iy dcen. —
U/ TP/ I/ Iy deen, EH L, YFrrAF¥—LOBFHEEY 7oy b LTHE LROKRZ
Biey WiC, %7 by 7 ADTRER & R TROE T XV F — LT 2 HRBRRRE DD,
SBIC T [/ [y fili% R CHEE LTco BRBEEAREIT Hubbe 1 D7 — 2% il foo T
FHEAEREIT NBS DREEEI Gladney!) DfREME LML L, EBT, BB 43 I3 DA 10 ppm
Pl TEAE R DT b5 R L LR Ltco BHEIC Bz > Tk, R % M L TR
Weas b Hin L, MEIEREE B o LN ST, HEIRBOBE S HRDADES %
et bl bo iR, B121E, 10.0 keVO XfIZLrr— AT MY v T A (wt.%,
C:44.44%, 11:6.22%, O:49.34%) 1T L » TA%DBERI &R T ERD B (Ci11.6
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10

20

Orchard Leaves
30F

Calcd.
Bovine Liver

__<:%__

" ExpT.
”‘1&?“

A

40 i Expl.

Clrg/z ) orq, = (/T )1/ (13 1) (oqq, (W)

10 20 30

Photon energy (keV)
B 1K Self-shielding effects of matrices relative to cellulose.

%, H10.2%, 0:284% ) o BIKND LS, KT T/ F—Hi20keV LFCT< Yy o
ADERDROZEDBECE N T 5o 10.54 keV DFEBRE Reypy . 13 Bovine Liver$$12.3
% ,Orchard Leaves 23 24.4%TH D, sTEDERR cajeq. 13 10.0 keV T Bovine Livers?
16.3%, Orchard Leaves 7 29% #E LT\ 5, LT, AWERARDOLEPST, &
20keVEIFDO LEP % WV 25/, o Hralkt & R ERS e FHEBOEML L 72 g 50k % A
WhHh, Ffld, MROERTIORNOMIER T EORAIREMD, ok, Bovine
Liver ¥ bV v 27 AD 8.05 keV @ Ruxpi. 7' Reated. £ 0 & i7n 05 kb bhtept, KebE
CEA LIPS ORT SE#RICEHFE LT 5EF 2 bh, 10 keV EUT O EX#R O FIHI3E
M RN T ET 5,

Wiz, EWEROGHRERIC VTR T, b MORE R LOBEAK DS TIT BRI
ARk & Horse Kidney W% W, Ni, Zr, Mo, I BLUO'Pb Iz &K L b, Zn,
Br, Rb, Cd B L U'Hg ik Horse Kidney % Ibiatkt: LTCrhEFhER L d A7 LEPS
CFIR LI T — 2 %8 2RI -6 Ni, Zn, Br 5 LU0 Mo Tk LEP S#E T R KR HIE
TELrHLERCHMTE LD, ABETHERDOREXBROER DAL LHEI DD
B x L F—r EBORERHFIATE D, 2% T, HpGe/Ge(Li) L X LEPS fHED¥F
(Eipp, keV) ET#(E7, keV)I)DY =7 OEE L TAUESLHTOMETH S0 Zn, Br, Rb,



336

|23 Pertinent nuclear data.

Relative

Element Nuclear process Half-life Egalzr‘xt?tsaetdioior detgctab1l1ty

(keV) HpGe/Ge (L})ELEP/E r

(keV)

Ni  ®Ni(r, n) " Ni 36.0h 7 127.3 0.69 127.3/1378
Zn  %®Zn(r, p) *“Cu 61.9h s 91.3 — —

% 7Zn(r, 2n)%Zn 9.1h 7 40.9 3.4 40.9 /596.7

Br ®Br(r,n) ®™Br 4.42h 7 37.1 9.4 37.1/618

®Br(r, 2n)"Br 57.0h Se-Kq, 11.22  0.94 11.22/239

Rb  ®Rb(r,n) *Rb 32.9d Kr-Kg; 12.65 1.2 12.65/881.6

Zr  %Zr(r,n) ¥Zr 78.4h Y-Kg: 14.96 1.0  14.96/909.2
Mo ®Mo(r, n;B7)®¥™Tc 6.02h T 140.51 - —
cd 1cd(r, n)'Cd 6.50h  Ag-Kg, 22.16  — -

Pb 2 Pb(r, n) *Pb 52.0h T1-Kg, 72.9 0.65  72.9/279.2

I Y¥1 (r,n)'1 13.0d Te-Kq 27.47 3.1 27.47/667
Hg ' Hg(r, n)'*"Hg 64.1h Au-Kg; 68.81 - —

[ T LEPS O X - T IPAADREN A LT 5o

LEP2~s b5 h, b MNBHMEME b, 6. 3RHAE L THE LIcb D% 2
i, 10.2 HAK L b D% 3 MR Lo ThHDANT MRS D E =7 bR
2% R L LEP #BATE TR LER Lo WHDOERICITT Cud 93.3 keV iR A L
25p91.3keV 7L 0 LSBT E B, CAd B 931 keV THRE -7 LHE S
DT, TOBSTIEHC L >TCAdRMEI R LLENSH D0 HIKDANT Ph bl
B4R DKy X001 1 b0 Te Ko XEAERICHMTE 505, Te-Ke XHIZFCd Mo
5D In-Kg XBOFLEHHHDT, COMELET o KETE ML LUBRO A 28
KA LR e 3 RIBF e () POMEIELF Ualkh 4 i+ 47 Bob V5 o i
CINAA) LTEIAHTH B, ML TR BU— 4R LT b, SITRERO IERES % HE
42 BB T Orchard Leaves %4 Li-fi s 5 3 Bio et Licht, NB SERGEE & DO—3
B3R TR %7, Horse Kidney % SRR A AV THH LcL TAH, Mo:2.32
ppm, Pb:1.58 ppm A SR 1A, Mo Dffilk TAEAED 2.21ppm & R —# Lo, High
DEBMEITZZnETCud =2 %, Brici"Br £¥"Br © =7 D Wih bRDIEZ R
Ltro 2700 40.9 keV 7, 3°™Br » 37.1 keV r g% A\ 5H5H, L0 S e RENTE
%o HI3RDL DI, ABEE INAA T L HEBRIIEFES T HREL NI, Zr, Mo ELUPD
DEBIEHICHEMTE 50
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s 3% Abundances of several elements in human liver and kidney
tissues determined by IPAA with LEPS.

Abundance (ppm) *

Tissue Ni Zn Br Rb Zr Mo Cd Pb

GZZH 67Cu 77 Br SOmBr

Liver (1) ND 169 181 7.6 8.7 33.2 0.07 1.5 3.6 0.83

(149) (8.2) (31.8) 3.7
(2)  0.33 181 199 12.8 11.8 14.3 0.14 2.8 14.7 1.3
arn (12.5) (14.6) (15.9)
Kidney (1) 0.16 297 280 39.3 42.2 26.6 ND 1.5 322 0.49
(290) (42.2) (26.1) (354)
(2) 0.97 268 292 37.4 32.2 10.9 ND 2.0 488 2.3
(281) (32.8) (10.2) (472)
Orchard Leaves
This work 1.3 28.0  24.9 9.9 11.4 1.6 0.37 ND 45.0
NBS** 1.3 25 1012 L7t 03 011 45

% Values in parentheses are those obtained by INAA, N D :Not determined,
** Recommended values,
*xxx Reference value,
t Ref. 6).

Iyengar 5513, BB AR b O ITRAFAEEIC T 5 KRR 1778 - 1208,
BTl EE 47 H Mo 3.42~5.2ppm, Ni0.032~4.6ppm, Pb5.2~12.1ppm (s
6.8ppm) , BT ¥t E 247~ H Mo 1.8 ~3. 1ppm, Ni 0.6 ~1.8 ppm, Pb3.62~18ppm
B E Lt ST Do AEERIT, Motk U Nile o\ T D T A VTS 35 25, Pb
HEE L oo Kl ZTIZIBE B4 0 BT 0.03~6.3ppm, BT 0.015 ~2. Tppm Ak
REhTH D, ZBORMEAE o BEERY ) OEIRAE L TREY, ARRe OBES
DHETT X fo\pt, B2 CTHIsh Lok 5 I Zr DEWFMRE LR T &R -2 &
LT, BEECE LTI L ) Els BT A0ENH Do ok, [ BIUHC W TUIESHED
BETREHE LU SR b ORER S A EE T HLEIRS O TERMEZ LB LT
e ChHRELTIREZHE LI EFE X Do

KRR H -0, B EBH - R AFEREME TR EMRERHEDO RI LU v v
7V — O S CIC I RFERER « S AR THFCE CHLB L ET S0
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ARDOBRHEECOWTHLNC s lE B~ 5,

§ 2. BELEEROLRRELFIIEH

EREEREKRES D —F B~ B 0, A LEZ LVWERRTA S, Lr
L, BIESARECEPLEKRELS BB RBERBELRT (F 1K), HHEEEKEL
Zoprn—7 (hM, BB ST EZENTE RN, LB RELHIRELD, B
MR EAEEFRIRICSA L, BRI, SO - ThThrraMT o dERn
(F2K ),

FEIME b —F v, TEHBIEE, 7AAREALED, GAIERICLDEDMSTE b,
IhE, BERELLONMBIECA, B, C44 7&45, BHhDI e, LOBEEK A
175457 5, A, BEA 7L, dRERIRT, FEfims L TERERLANEY 3R
Bh, TLENCHEMER, RITEAY &, CX 1 7TIIPRRHRT, BT ARE, RiRaATR
ETHH, AR RIBEALEET, BERHVRAEZZCEGUHANBA, BEA 7EEL ST
Who ASA TDIL—IMTRBEED L/ ) AR EUEyHH D, Zhut, Ishihara el al?
DT R BRI BT 0L LTEBLEbDTH, KA TIEA2 44 7L T 5,

DAL b v TERBIRE D B b A INTHRT, RERADLR O, B
BTEGICXNRDL o BEREYOREEIL, 3LAEROREEDLDRWD, BHEITE T Ly

BRERTIENEROTCEATRBH TANRESEGET, b—FLEhbi ), BREDIT
EiEEEORIMEER LT H
%o AD

L EoEh, BEiaakodt
RO, SRR BER]
AR AR DT 5o

F o, SEGH Loty
T2V AITA 22 THRDE
J VAT, HEACARELIR
R HE S iR R s ~ e E
BTHbo

Pl 10 35 Kf—
@ : FivAGk RO, O EilEEROH,
W GREPIRCE AR, A ETCER.
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§3. StTAE
Hia AL (21 ), HREE (2@ ), AEIIFEER ( 3 ) BLURL Y T 2 v A
B1R EHEEOENS

Code
No.
Type
wt. %
Si0,
TiO,
Alz O
Fe, O
FeO
MnO
MgO
CaO
Naz O
K, O
H, O.
Hz O—
P, Og
Total
ppm
Ba#
Ce
Co
Cr
Cs
F##
Nb
Ni
Rb
Sc
Sr
Y
Zn
Zr

MG 1 MG3 MG6
1 2 3
A?2 Al D

52.47 58.35 61.43
0.91 0.69 0.69
18.71 16.70 18.26
1.70 1.60 2.59
6.09 6.49 2.37
0.21 0.16 0.09
4.53 3.65 1.92
9.17 6.76 6.14
3.23 2.83 4.44
0.90 1.38 1.25
1.67 1.18 0.60
0.11 0.12 0.01
0.30 0.10 0.21
100.00  100.01  100.00

192 495 414
37.0 24.8 46.3
22.4 21.7 11.3
44.8 49.7 34.1

3.91 1.98 1.33

479 515 612
6.3 4.6 6.3
17.7 6.3 7.3
25.5 38.8 23.2
14.0 22.3 8.6
835 262 910
10.1 22.1 10.3

78 51 57

38.7 79.8 85.9

61.59
0.47
16.11
2.63
3.59
0.14
2.72
5.67
2.90
3.02
0.80
0.25
0.11
100.00

365
32.1
14.1
36.1

3.54

409

6.3
10.6
59.2
12.5
358

- 16.7

40
91.3

MG 12
5
B

62.41
0.54
16.49
1.43
4.53
0.13
2.54
5.30
2.95
2.39
1.05
0.14
0.10
100.00

710
54.0
14.1
24.8

3.27

590

7.2
4.8
62.2
14.5

369

19.7
50
97.9

MG9
6
Al

62.72
0.54
16.85
1.57
4.06
0.11
2.50
5.66
3.03
1.83
0.94
0.08
0.11
100.00

533
34.8
14.6
22.8

3.31

511

3.5
2.3
54.4
14.4

368

18.0
55
103

MG 13 MG17

7 8
D Al
63.85 64.14
0.59 0.47
17.54 16.31
2.43 1.66
1.64 3.70
0.07 0.12
1.59 2.14
5.14 5.05
4.53 3.01
1.79 2.18
0.08 1.00
0.57 0.14
0.18 0.09

100.00 100.01

561 600
44.0 36.5
9.3 11.7
20.2 36.5
1.80 1.30
724 549
7.0 2.5
3.8 5.4
35.3 62.9
9.4 12.9
907 322
7.1 19.7
56 32
94.5 106

# :Flameless atomic absorption method ## :Specific ion electrode method

A, Al, B, C:EHEHE
86072202 EERAMAGEINES
86073001 APIREER b —F A
86080401B EERMENAG N—F LA
86041301 ANEEREMLN—FLE
86081907  MAIHBEMERIRS
86060601 MPALEER N —FLE

ISR e

IG  BROEE

A&
S i}
AR
t &
NEAR

7.
8.
9.

10.
1L
12.

QD  AREPIRAESEIR

86060701
86061603
86111015
86081002
86061101
86080613

WR : BES2
BHERAENG b —
BESANNGE b -
MR RER b —
BIERERT ¥
H\EAR b —F i E
BERAENEHE
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(2D WT, E& LTREXBEOEC LD, ERSTEOINEIT L - o TS T
F£D5%H, Na,0, K, O @ 2WTRANNEE, FeOllB~ v vEh VEEE, O
BLUOMERD DD ISR,

Code MG18 MG21 TG2 QD2 WR 1 WR 2 K12 K13

No. 9 10 11 12 13 14 15 16
Type B C I1G QD WR WR
wt. %
Si0, 64.42 70.39 65.66 53.20 56.89 60.06 65.32 67.44
TiO, 0.54 0.30 0.40 0.89 0.79 0.87 0.66 0.42

Al,O, 16.09 1499 1621 1529  16.63  17.83  16.86  17.07
Fe,0, 0.39 1.53  0.67 1.93 0.64 214 2.02 1.39

FeO 4.38 1.15 4.38 6.28 6.42 4.96 1.95 1.20
MnO 0.10 0.07 0.15 0.17 0.25 0.12 0.07 0.05
MgO 2.45 1.10 1.91 7.23 3.62 3.08 1.64 0.90
CaO 4.96 2.69 4.42 8.55 7.12 3.10 4.41 3.89
Na, O 3.30 3.28 2.53 2.68 3.29 3.11 4.05 4.91
K, O 2.23 3.92 2.01 1.05 2.87 3.12 2.14 1.76
H, O, 0.97 0.50 1.52 2.57 1.19 1.34 0.65 0.68
H,O- 0.06 0.00 0.08 0.05 0.14 0.12 0.09 0.09
P, Os 0.11 0.08 0.07 0.12 0.15 0.14 0.21 0.17
Total 100.00  100.00 100.01 100.01  100.00 99.99  100.07 99.97
ppm
Ba# 484 525 512 194 540 426 470 369
Ce 50.7 38.4 24.4 31.4 52.4 66.2 36.8 31.7
Co 13.0 6.2 9.8 27.5 17.2 16.6 10.6 5.7
Cr 31.6 23.8 18.9 222 67.7 80.9 2 2
Cs 6.02 4.84 5.19 1.71 8.19 7.74 1.88 1.58
F## 736 445 536 569 1,064 997 422 487
Nb 7.3 11.3 4.6 6.6 10.7 11.7 6.9 5.0
Ni 8.3 3.4 3.8 57.7 37.4 40.3 10 4
Rb 93.5 132 75.3 38.4 124 128 51.7 38.2
Sc 8.4 7.0 11.5 29.8 14.0 15.9 8.2 6.5
Sr 484 360 316 396 230 157 759 907
Y 9.8 9.6 16.2 18.3 25.5 26.4 8.6 6.2
Zn 47 33 53 47 69 56 61 51
Zr 96.4 84.2 85.6 72.4 113 177 102 116

AT == < 13. 86072205E &AL v 7z A | Al
A = 14. 86103001 HFA YTz A G| Al
Fove ArR 15-16  EiEAAES (ERE»Y L o)
AnE B OB 15. 72080406 RERMAPIALHIORS

o 16, 72083005 EERAMNALRIIESE
Pk db W
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o, ANARIE~ 71 01 bhicid, ARARIORRANEE L HES %5
BENTED, ZhbFERRR-BlrHET %,

LF, A#ETid, ARARIIE~T Y1 M AARILIEE A DAGTEAZILIE
PEORIE, DA DAGEBEAZREELIE R A DAASEEATIIE - L (s
H#ED 5,

§ 4. BHOIWHE

HiAf - S KILFEE Y9 5, 1I6EOREN i 2 RO S b2 O 21T - 1o TR
B DU TEEOE XIS & 0 5T 24T - foo FGTEED 95, Na0 & K,0i@ 2>\ T,
I, FeOudai~ v A vBBh VIEEDE, H,O0+ic oW CilERELM o, $1o,
BILHRIC DWW TR F AL i L - ¢, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc,
Sr, Zn, Zr BIOYDLREBEILEOEE T\, 7L — 4L AFFTRKE 1w L h Ban by
FraedT - 7eo SHTRER % 1 RiTr T,

1R A - 8RR ) o (LSRR

No. 1 2 3 4 5 6 7 8 9 10
Sp. No. 103005 060308 080607 102809 102107 060401 081501 081002 102306 052405
Group TK TR TR TR TR TR TR TR TR YU
SiOwt%  63.47 57.28  59.39 59.70  59.89  59.96  61.03 62.44 63.86 57.75
TiO, 0.72 0.83 0.80 0.73 0.78 0.73 0.82 0.68 0.63 0.88
Al O4 17.52  18.52 17.46 16.68  17.26 ~ 17.91 17.10  17.23  16.35  17.53
Fe,0, 3.85 3.88 4.24 2.68 3.16 3.66 3.62 3.23 2.55 4.66
FeO 2.01 3.52 2.48 3.75 3.34 2.51 2.87 2.60 2.45 2.71
MnO 0.10 0.14 0.14 0.15 0.15 0.14 0.14 0.14 0.13 0.13
MgO 2.32 3.7 3.38 4.41 3.30 3.19 3.11 2.63 2.45 3.80
CaO 4.82 7.18 6.78 6.89 6.79 6.21 6.13 5.58 5.11 7.56
Na,O 3.28 3.57 3.37 3.82 3.38 3.76 3.36 3.59 4.04 3.35
K,0 1.78 1.19 1.80 1.07 1.81 1.80 1.68 1.74 2.30 1.51
P,0s 0.12 0.15 0.16 0.12 0.15 0.13 0.14 0.15 0.13 0.12
Total 99.99 100.00 100.00 100.00 100.01 100.00 100.00 100.01 100.00 100.00
Ba ppm 453 330 465 248 390 395 373 392 408 359
Ce 35.3 26.4 30.6 23.3 29.6 30.3 27.0 32.8 34.6 26.5
Co 12.6 16.9 . 16.9 18.3 15.7 14.1 13.6 12.5 10.0 16.6
Cr 17.8 12.7 10.8 154.7 6.2 13.7 10.7 5.5 5.0 13.3
Cs 0.89 0.70 1.70 0.57 2.22 2.21 2.11 1.80 3.46 1.91
Nb 9.8 8.4 8.7 5.6 7.9 7.7 8.9 10.4 9.5 6.1
Ni 4.0 4.3 2.9 39.9 1.9 8.1 6.4 3.4 3.2 9.8
Rb 52.8 22.3 50.0 26.3 44.2 44.4 40.2 52.1 58.9 35.6
Sc 15.8 21.4 23.3 11.1 15.1 21.6 22.3 11.7 16.1 26.7
Sr 385.2  418.2  521.0 399.7 4939 4345 421.7  461.4 4256  585.7
Y 51.1 18.1 20.6 23.9 17.9 16.8 17.1 18.2 16.9 16.3
Zn 60 64 92 92 76 63 84 81 52 70

Zr 120.9  102.5 118.1 108.8 107.0 105.1 109.5 119.9 124.0 94.2
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B1ER(DDE ),

No. 11 12 13 14 15 1. A S AAAES EE L SERNEAANA
Sp.No. 072205 072006 052503 060502 080415 FAHA4 b BRERAO
Group YU YU YU ON INC 2. DADARAESHE BEARFEAANA
Si0,wt%  59.04 61.44 6248 5433 5243 Ll BRERKEAE
TiO, 0.82 0.7 0.66 1.76 1.01 3. fHEASE S EELAaZRILE ; ¥ 8
Al,O4 17.55 17.05  16.52  16.26  18.92 =L 7 S|
Fe, O, 2.79  3.03 2.97 2.77 4.70 4. DASAARTEGSBELLLE K/ B
FeO 3.73  2.83 2.78 6.12 3.82 5. hALARAERTELERSEEOANNA
MnO 0.13  0.13 0.13 0.15 0.17 LA ES
MgO 3.69  3.04 2.95 5.79 4.94 6. BERATMASAGSERAELTEEL
CaO 7.07  6.20 5.80 7.22 9.48 fpaaZles s KWL
Na,O 3.53  3.61 3.61 3.66 3.06 7. F¥hADAGEERTEGE EELANA
K,0 .52 1.82 1.99 1.54 1.27 s e
P,0s 0.13  0.13 0.12 0.41 0.19 8 fAuEmEAsMELSERANLGELE &
Total 100,00  99.99 100.01 100.01  99.99  AKJI|
Ba ppm 356 396 361 398 236 9. BERELASARAERSERSH Y EEL
Ce 26.6  31.2 32.1 60.9 24.5 APIALLE ;B
Co 16.3 14.4 12.3 27.0 22.9 10. A%EI A S AARTEL SRS @A ANE
Cr 14.7 9.1 13.3 1825 7.2 i BfEELLTE
Cs .99  2.58 3.04 1.05 0.92 11. BERAED A SARRHELREE S EEA
Nb 6.5 8.0 8.8 23.1 6.5 AL Lld M EILRIOR
Ni 5.1 6.7 5.0 58.0 4.3 12. BERATAHELSE S EEAAISAZL
Rb 36.9 475 53.5 37.3 28.4 & BAEIILAEDOR
Sc 22.0 221 13.8 20.4 37.4 13. GHEMA S ALESERINEL L EE L HETA
Sr 471.9  477.2 4395  619.2  587.0  FHiliE; VWHO T
Y 16.1 15.9 16.1 19.6 21.7 14. REEL AESEANLELA bAAEEEL
Zn 67 52 72 116 75 CREE LS REL
Zr 96.7 116.9 1158  149.5 77.2 15 fliEE ; A
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5.1 FHROTEZRMMRICONT
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e D ONEAE S T o Tl Do £ o di « 85 BRI A eb i 7 T 5 RO (L7 L8
3. FEET B 5 AP RRILEEO R AR b LY FOSSEEES L 3IE0 - Tl B,
WERIEE, %< OTRTE, ANERIEEL 2ER CEREL LY FEHLT05
P, MgO L K,OTHEWARDONDL, Tiabb, MARISTAN AR LEEIC R LT
K,0 4075 <, MgOIt & A TV B fBL, K0 — MgOR ETREHIFA— kLY Fhic 7
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w2k NEFHAKLUBEAT -1 BEYZ>WTOB&EE— KN, FH
B R L OMER S TTRERZE,

No 1 2 3 4 5 6 7 8 9 10 1 12 13 14
R.S. TH TH* TH TH TH* CA TH TH* CA TH TH* CA TH CA

vol %
01 2.6 - 0.1 0.5 - 0.6 - - 0.5 - - - - -
Hy - - 2.3 4.2 0.5 5.3 3.0 0.3 4.5 1.0 1.0 3.3 1.2 1.3
Au - - - 3.2 - 3.8 2.4 1.1 2.5 2.0 0.3 4.9 0.6 3.1
Ox - - - 0.4 0.1 0.2 0.8 0.2 0.8 0.3 0.2 1.8 0.2 0.8
81 15.8 26,6 21.7 28.2 158 17.4  28.9 5.2 21.0 8.8 8.1 17.7 12.4 16.0

z - - - - - - - - - - - - - 1.5

Gm 81.6 744 759 63.5  83.6 72.8  64.9 93.2 70.8 87.9  90.5 724 85.6 17.5

wt%
Si02 49.40 50.83 51.65 52.62 53.93 57.02 57.33 57.563  58.07 58.79 58.83 59.53 59.95 63.24
Ti02 0.94 119 107 0.90 1.15 0.68 0.8 1. 02 0.81 0.98 100 0.90 0.99 0.72
Al1203 17.64 18.40 17.76 17.12 17.14 1551 17.73 15.56  16.00 16.33 15.69 15.70 16.11  14.61
Fe 203 2.38 4.25 4.29 3.95 6. 3.09 0.65 6.12 3.81 .99 ~7.19 2.86 4.36 3.80
FeO 8.92 6.29 6.94 6.67 4.96 547 7.13 4.06 4.72 4.61 2.33 5.09 4.54 2.96
MnO 0.19 0.20 0.19 0.19 0.19 0.14 0.10 0.18 0.16 0.19 0.18 0.17 0.16 0.12
MgO 6.44 3.55 4.05 5.16 3.01 5.11 2.78 2.78 4.23 2.38 2.27 2.79 2.20 2.3
Ca0O 10.19 9.93 9.67 9.55 6.72 7.55 1.70 6. 61 7.40 6.31 5.76 6.98 6.04 5.28
Na20 2.16 2.75 2.65 2.49 2.67 2.656 2.85 3.17 2.84 3.36 3.18 2.35 3.4 3.08
K20 0.13 0.28 0.22 0.30 0.28 0.96 0.25 0.73 0.97 0.39 0.8 1 0.43 1.56
H20+ 1.21 1.66 1.14 0.80 1.90 1.33 1.55 1.47 0.70 1.13 1.37 0. 66 1.18 0.80
H20— 0.31 0.56  0.26 0.16 1.20 0.44 1.02 0. 66 0.21 0.41 1.28  1.55 0.47 1.37
P205 0.08 0.11 0.10 0.08* 0.0 0. 0.09 0.10 0.09 0.12 0.12 0.13 0.12 0.08
Total 99.99 100.00 99.99 99.99 100.01" 100.00 100.00 99.99 100. 01 99.99 100.00 100.00  99.99 100.00

ppm
Ba 98 124 102 136 257 213 118 195 222 200 229 31 201 365
Ce 4.7 9.6 6.9 5.6 20.9 12.3 8.7 21.0 13.1 11.9 16. 2 19.1 11.4 20.7
Co 51.3 29.0 26.0 30.5 28.2 26.0 22.1 27.6 32.0 15.1 15.0 18.8 14.7 16.1
Cr 61.4 10.9 18.8 46.5 5.4 119 19.2 10.4 52.5 3.4 4.1 22.9 5.3 2.0
Cs - - 0.31 0.04 0.91 1.12 - 0. 65 1.30 0.05 0.25 1.98 0.03 1.22
Nb 1.6 2.2 1.7 2.2 2.5 2.7 1.9 2.0 3.1 2.3 3.2 5.2 2.8 4.6
Ni 37.2 11.0 11.4 15.9 6.3 21,7 117 5.9 18.3 3.4 2.7 6.3 2.3 14.0
Rb 3.7 2.2 2.4 5.9 6.6 26.3 4.4 6.2  24.0 6.8 18.0  53.1 6.5 39.6
Sc 253 320 264 217 389 27.5  19.2 32.6  25.1 27.9 8.1 23.3 21.9 17.7
Sr 261 267 233 250 241 192 213 235 235 277 235 217 255 186
Y 15.8  26.0 24.6 8.8  89.6 26.9  23.5 55.9 25.6 B3 40.5 330 40.8 42,9
Zn 39 124 109 113 97 100
Zr 34.6 52.2 50.1 35.0 61.7 68.0 48.5 58.1 88.7 68.3 91.5 92.4 70.3 133

CA : hnrTh)RIE

TH* vV L 74 bRFE CRNIREEE)

TH VU T74 bPRIVE CRNIREEEEYHRL D
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bhb, Bt K,081258 4 K (K,0—Si0,K ) T low—K andesite & medium—K andesite
DEFMECEREND, £, FeO*/ MgO—SiO, K (85 M) Tid, XEE~LILEMRK
KEWTKMIRESE T LD FeO¥YMgO KR EA T35, K 0% & FeO*/MgO & L [H
I AOHBBIRD S A DOHR—ITH LY DT, A—D KIUNOEEYOIeHT, 0k
et ERAL 2B B 2 TR RN IR B IR B B I TH B o
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5.1 #H@RSAIER

HAR, H5R, H6RcHOh5 X > AFAREREL, @B~/ Yy NETOT
BRI L > THEL L EEL BN, AKIUBEAT— Y 1BEHOY LT A M RIIDGE, 2
VAT 4 TATHEMEO, Ni Shigon RBA AT I L, B EREHE LR
SALOHEAL BRI ERERD ANE, HY I VREIEROmMg ENBATIEE A DL L
b, ORI TIEHRIORER S BRI L 2RPREL EFEZ B S,

AF—U 1V LUTA PRIECRONAHGEHD 55, SR E LTEX Hh b DI,
REG, HvI VA, SREA, vV VEL BEITHL, UV VERRXFCHEBAS LT
BFAET 5 OTHIERHEL LRAT 2, BIRRELELL S, ¥ 74 v 7BHhE— NEROD
BB, FeO*/MgO R I & ABBIBIE N 5 5 & & FERC Mo KILTHE ShTW 25 f1k
< 7=inb, RHER/T 7 (v 7 B0 RLDEBBENS IS nicBE, BRhOREORK
/774 v VBSELRRIYEL, FeO*BENELEL ST EMNT.L.Grove and M.B.
Baker I© J o THIPHR ETHR S hiz® KNMIRBEEOERE ZOMOY LT 1A MRS
BRI b ZogpRIMEEHLE LTEZ DN b

F T OERE BT S b RFEN A SAHEL A LT, RN L - T
DA & FORIOB BT > 100 i~ 725 BRGSO ZARUE, EPMAIRES 5T
EREEEC L, $3EOREMFEHC OV Tparent DR A BEFH 71 7HBUCIT - & 0% A
WTBREN DI WEHERBRLEA Lic, TOHRERBRYE 4 RCR T, oBRclnid, X
INNREEERERL Y VT4 NRIPET, (3FEBRC RSN 2 B A R OB SR 0K
RO IWERTHBE NS, T, KNIRBEEEC OV THFHEMERE EBEOSHEITRV—
BAERD, SOV IVAEREE LW ERTIERL, AL EOREE—ET 5, VLT
1 FRIDEY T <iEH Y 7V ABRICER, MgO=10 B BEXH>Z &b, KMIR
WEE L B R O M AR & 0 R biciaTh v 7 v HORSR S IWER % %0 T
LEEZ bbb,

P> TZ ORERD IWERIRAOEHRICOWTEENTH 5, HTHRERIN S LS IlE
DS IWERC B WTRERE Y 7 1 v 7 B R IC B 23R bhiol, MENEHE
B SBRZEALR B 08\ (B FeO*/MgO ) 1, K/NITRE S o v LT A S RS
L OBRVEIIC VT VEORKERTINER AR 2, L 0B TSR k0 5l Lic 2 & TRl
HIh b,
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B3R ENTHEECHAWCRABO EERSERE,

No THO TH1 TH2 TH3 TH4 TH5 TH*1 TH*2 TH*3 TH*4 TH*5

wt%

Si02 50.33  52.02 5339 54.40 5893 61.31 52.27 5342 56.10 59.22 60.96
TiO2 0.96 0.90 0.91 0.74 0.84 1.01 122 110 1.20 1.06 1.04
A1203 1797 18,05 17.37 19.63 18.23 1648 1892 1879 17.83 16.02 16.26
FeO* 11.29 9.98 10.38 7.96 7.94 865 10.41 10.19 11.49 9.85 9.12
MnO 0.19 0.19 0.19 0.16 0.10 0.16 0.21 0.23 0.20 0.19 0.19
MgO 6.56 4.96 5.24  4.19 2.86  2.25 3.65  3.42 3.13 2.86 2.35
CaO 10.38  10.78 9.69 10.12 7.92 6.18 10.21  9.58 6.99 6.80 5.97
Na20 2.20 2.07 2.53 2.59 2.93 3.52 2.83  2.88 2.78 3.26 3.29
K20 0.13 0.21 0.30 0.21 0.26 0.44 0.29 0.39 0.29 0.75 0.83

H,O+ %K%, FeO*ITBEHBRENI00 XL L H>HIE L1,
THO : h Y 5 VvAZRAE (AT—v2)

TH YL 7A bRIEE CRDNNTREEEZERL)

TH* : VL7414 bRIE CRNIRESEE)

BAER AT—=V10YVVTA MRIVEOS FIREREEE L TORR,

PARENT DAUGHTER S'R? 01 CPX OPX 0X PL Lg%
TH1 TH?2 0.1707 1.73 3.83 - - 8.17 86.27
TH2 TH3 0.2037 - 3.89 5.58 2.01 - 88.52
TH3 TH4 0.0175 - 5.72 6.59 0.93 24.24 62.53
THA4 TH5 0.0273 - 2.60 3.52 0.06 15.64 78.18
TH* 1 TH* 2 0.5333 - - - - 2.11 97.89
TH* 2 TH* 3 0.2358 - 7.25 - - 14.06 78.69
TH* 3 TH* 4 0.4107 - - 4.18 4.25 17.75 73.81
TH* 4 TH* 5 0.0140 - 4.41 0.30 1.30 4.65 89.35
THO TH* 1 0.4414 9.44 - - - 6.59 83.97
Mafic

’ RL

TR VT4 MRIVBERDWTOS GRS « BRO=MK
(EEH),
Mafic : - JlifSaM D H v 5 v+ A+ RIS,
Pl oAl RENRES,
PL W,
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T L, F 1 (B) TIRAREKILES B 00V L 74 b RIIZRE & K DMIIREEEO ZRE D
W 2T 10 (M IEBNSEHIERKLFICBET SN TL R L 5T 2 Y8
T4 TATEORERITZE L B s, KNIRESED Ce, Zr, Ti, Yidflo kil
B TAEVEEREY R, A /VHEKILEO R BL T RNIREEBIIRC, Ce, P
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W= 7 BT oW TR
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DA WEREE AL LED S
b RN EE TR b KL
TealEiNe 2 (82 ) i~
ek dih v I vREOKRE
ArH-CnbEELLNS, £
CTAT =V 2R KRG LY
VTA N, AT VARZRA (8
2% 1 BkN 1 ) B RIE~ T < &
RE L CRNIRESEHD XA %
4 U185 0ok b BIER O e /3%
B L - GHERTTV, BERS
JLFE % Rayleigh fractionation
model THETE 5 wiat Lic
(FARBIUHESE) o 20k
R, LILERL>WTEZo

10

; 01

STKRONbCe PZrTi Y St K RbBaNbCe PZr T Y
(A) (B)

HOM A vaAvART 4 TATENONLZLTMORB
ﬁ%ﬂf/{ A=
g2 dPINRBEEOZRA (Si0,=50.83
%),
(AJR o M3z —v @ AR, BF, BE %
AR, BAKUOY LT A FRIIZRER
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B \ 253 Rayleigh fractionation model.
BHRECZ Lo BROEY LT A =T

Sample No THO TH* 1
2R OXREHBRIC N Y T VARBI0% R ppm Anal. Anal. Calc.
- , c . Ni 37.1 11.0 17.3
Emzl-bnEE2ZbRBHB, Thbna v Se 95 3 2.0 29.8
TP N " Rb 3.7 2.2 4.4
IVRT 4 THNTLRD N YTV AEEREDS St 261 P 903
BRI L BV 0T MRESM: » 0k Ba 98 124 116
Ce 4.7 9.6 5.6
CEAEBIVWEEZLND, LIch- Zr 34.6 52.2 41.0

TRMIREEEL, bV V74 MRIVEE R 2848~ <l F> I & hBHEE Shb,
B LMRONE= 7 < pECBRRE LTE, HoEo&ENS, =V bLg17eELro
EBRE RN, <V MVEBORE—HY, <V PARRIFA 2 pnE 2 bhb, Lk
L Z W BDFERICOWTOREME A Y2 V8T ¢ TATTREAAG B S A, ANREKILFEOK,
Rb B AL B AT b T b B b 1BV 2 &, KAVIREE EO B RILEERA ¥ 27 35 ¢
TUTHERBEORBEAKE &0, NFRKLUFTOERYRECL T2, ZhbnEE
KOWTHERCEAN Y ET HRETH 5,

§ 6. (I

JNREKILEED A7 — DEBYOFT, K/NIRESEIZRTOMO Y LT 1 RIS
AEHE LT, FERSER TIIMgORIRZ L, Na,0, K,OBKEA TWb, F,
FeO*/MgO W L W@ MERSTLETIE, Rb, Zr, Nb, Y, Ce&iREA, Ni, CrEIC
ZLL ITNHDOREZEEHAREERT, H VT VARBLUMEEL S kEMECE DR
HEFAOE S R LER THMDB W TH D, T, KNIRBERE TV LT 1 b
FIETIX, 1~ 7 <nCe, P, Zr, Ti, YERELCENDRH L ENERHRI N,

AUZEC BT 0, FACKFIEFAME LR ER O /KRG FBEE, MANERLL D
ORI Fy 02wy T =70, RILKFES A 70 be Y Rl 2— i &E&E,
st S W EHZETAE L U & T 2BAT « IR BEHbL i b W RIER 5 7
o THERT 7o - 7o, R REMIRF HEOKBRIESE, BELTZRAE A+ & O R#EL
ANBE—HRc 3@ hic > THB IR ., ok, KPR —HICSCRA R e
£ (62103003) M Lz MEDF 4, fo bW SRICE#T 5,
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Study of Tmpurity —diffusion of Gold in Copper
Single Crystals in High—temperature Range
Using Radioisotope '%Au

Shin-ichiro Fujikawa and Alfred Seeger T

TDepartment of Materials Science, Faculty of Engineering, Tohoku University,
Sendar 980
TMax - Planck stitut Jur Metall forschung, Institut fiir Physik, Heisenbergstrasse

1, Stuttgart 80, Fed. Rep. of Germany

The impurity-diffusion coefficients of Au in copper single crystals
were determined by the serial sectioning method in the high-temperature
range between 993 and 1350 K. The activation energy difference between
the impurity-diffusion of Au in copper and the self-diffusion of copper

was evaluated by Le Claire’s electrostatic theory.

§1. Introduction

The non-linear Arrhenius behavior and the contribution of divacancy mecha-
nism have been often discussed for the self-diffusion and impurity-diffusion in
noble metals.” In order to clarify the problems, it is necessary to measure the
temperature and pressure dependences of tracer diffusion coefficients (D% ) and
the isotoppe effect, over the wide range of temperature. However, very few
results have been reported for such a study, because in low-temperature range
below 0.7 T, (Tp: melting temperature expressed in Kelvin) the precious ion-beam
sputteriong equipment®® as sectioning method must be employed instead of simple
mechanical sectioning used in high-temperature range.

In the present work, the values of D™ of Au in copper single crystal were
measured in the high-temperature range between 993 and 1350 K using the radio-
active tracer '*Au (¢, = 6.18 d ) and a microtome® as the sectioning method.

The results were compared with the values of DT for other works of Au diffu-
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sion in copper and self-diffuson of copper in the same temperature range. An
investigation of the impurity-diffusion of Au in copper in the high-temperature
range was chosen from the following reasons :

(1) The diffusion study of Au in copper in the low-temperature range has
been reported by us. 26

(2) The pressure dependence of D™ for Au in copper has been carried out by
us.”

(3) The results of the earlier works on Au diffusion in copper®™" differ
considerably in the high-temperature range. Therefore, an analysis of the non-linear
Arrhenius behavior of the impurity-diffusion of Au in copper using the previous
data in the high-temperature range is not reliable.

(4) The values of partial phase shift for Au in copper has been obtained.
They are useful for the calculation of the activation energy differrence (4 Q)
between the self-diffusion and the impurity-diffusion.

(5) Recently, Cu wire is noticed as the bonding wire for electric device

istead of Al wire. Therefore, the diffusion data of Au in copper is very important.

§2. Experimental Procedure

High-purity Au was used as the production of '**Au. Bremsstrahlung irradia-
tion was carried out by means of the 300 MeV linear electron accelerator (Linac)
of Tohoku University. The Linac was typically operated at an energy of 50 MeV
for 8 hours. The target was placed horizontally on the axis of the electron beam
in close contact with the back of a Pt converter 2 mm thick cooled by running
tap water. The radio-isotope '*® Au of high specific activity was prepared using
the photonuclear reaction '"Au(r, n) ! Au. The irradiated Au was dissolved in
a small volume of a mixture of concentrated hydrochloric and nitric acids and
evaporated to dryness. Cylindrical single crystals of pure copper 5 mm in diameter
were grown by the Bridgman technique from pollycrystalline rods with 99.999 mass
% mnominal purity. The single crystals were spark-cut into the speciment of about

10 mm in length. Each specimen was ground carefully with Si carbide papar and
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preannealed for several hours at 1273 K in high purity He gas atmosphere. Finally,
the specimens were electropolished in an aqueous solution of phosphoric acid. The
radio-isotope ' Au was electroplated on the polished surface. The thickness of
the eletroplated layer was less than 10 nm. The diffusion annealing was carried
out 1n the temperature range between 993 and 1350 K in high purity He gas. The
diffusivities were determined by the serial sectioning method using the microtome.
The thickness of the layer removed was determined from the weight of the sections
using a microbalance. The thickness was typically 10 # m. The activity of each
section was counted by means of a well-type Na(Tl) scintillation counter or a
Ge(Li) detector. The radio-isotope '*®Au was found to be very useful for the diff-
sion study because of the longer life time and higher specific activity than'®®Au

generally used.

UL T T T T | T T I | T
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Fig.1. Penetration plots for diffusion of ' Au in copper.
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§3. Results and Discussino

Fig.1 shows the penetration curves of '*’Au in copper in the high-temperature
range. Good linearity is obtained at all annealing temperatures in plots of logari-

thm of the activity as a function of penetration distance squared, indicating that

Table 1. Impurity-diffusion coefficients of gold in copper in high-temperature range.

Temperature Time DT 2(DT )

(KD (s) (mfs™ ) (zm)
1350 7.20 x 103 6.28x 107 135
1350 7.20 X 10° 6.60 x 1071 139
1343 1.11 x 10* 5.16 x 107*® 151
1343 1.11 % 10* 5.60x 10713 159
1333 8.86 x 10° 4.50 x 10713 126
1333 8.86 x 10° 4.96 x 10713 133
1323 1.47 x 10* 4.09% 10718 155
1313 2.24 X 10* 3.98x 10718 189
1313 2.24 % 10* 4.21x 10713 194
1303 2.33%10* 3.20 x 107'? 172
1293 2.61 % 10* 2.36 x 10712 157
1293 2.61% 10° 2.56 x 10713 163
1283 3.09 x 10* 2.09%x 107" 161
1283 3.09 % 10* 2.34 %107 170
1273 2.92 % 10* 2.07%x 1071 155
1263 3.64x 10* 1.57 x 10713 151
1253 3.04 x 10* 1.36 x 1073 129
1242 4.98 x 10* 1.29%x 10713 160
1242 4.98 X 10* .20 x 1078 154
1233 6.22 % 10* 1.14 x 1073 168
1213 7.37 % 10* 8.34x 107 157
1193 7.78% 10* 4.68 x 107! 121
1193 7.78 x 10* 5.10 x 1074 126
1153 1.55 % 105 2.98 x 107! 136
1153 1.55 X 10° 2.62 x 107 127
1153 1.55 X 10° 2.98 x 1074 136
1153 1.55 X 10° 2.62x 107 127
1113 3.33 % 10° 1.36 x 107 135
1093 4.82 % 10° 7.78 X 1071 - 122
1073 1.04 x 10° 4.73 x 107° 140
1053 1.10 x 10° 3.84x 1071° 130
1053 1.10 x 10° 3.90 x 107'° 131
1001 6.35 x 10? 1.02 x 1071%* 1.61

993 2.35 % 10° 7.82 % 1071 86

* determined using ion-beam sputtering technique.
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