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MeV % |degree|MeV/c | MeV MeV % |degree|MeV/c | MeV
130 0.43 155 225 108 130 0.43 155 220 107
160 0.26 155 275 135 160 0.26 155 269 135
230 0.27 90 295 135 180 0.23 180 306 125
180 0.34 155 308 146 200 0.23 180 336 138
205 0.21 155 343 162 205 0.21 155 ~ 336 164
230 0.28 155 379 180 220 0.25 180 363 145

220 | 0.22 | 180 | 365 145
(c) *Zr : EBktE

E, A,b/p Oras |l q lpealk ®@max
MeV % |degree|MeV/¢| MeV

225 0.16 155 363 142

160 0.26 155 264 135
185 0.32 | 155 302 142.
205 0.30 155 330 180

225 0.20 155 357 195
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The Photoproton Reactions of *Mg and *S;j

R. A.Sutton, M.N.Thompson
M. Hirookal, T. Tanaka' and K. Shoda'

School of Physics, University of Melbourne, Parkuville,
Australia 3052.
YLaboratory of Nuclear Science, Tohoku University,

Mikamine, Sendai 982, Japan.

§ 1. Introduction

The systematics of photonuclear reactions in 1d-2s nuclei has been the subject
of numerous experiments and theoretical calculations. The measurements described
herein complement and add to the existing data for two of these nuclei, namely
Mg and ?Si. Differential total photoproton and partial cross sections ( 7, po )

and (7, p,+p.) for ®Mg and ®Si are measured at 90° to the beam.

§ 2. Experimental

The measurements of the photoproton cross sections were made using the
electron LINAC at Tohoku University. A Browne-Buechner type!' spectrometer
with 100 Si(Li) detectors mounted on the focal plane recorded the proton spectra
at 90° to the beam. In all, three different magnet settings were required to meas-
ure yield curves for the two targets, covering thé proton energy range of 2.6 to
16 MeV. Measurements were taken at electron energies from 14.75 to 28 MeV,
in steps of 0.25 MeV, for the three settings. A special effort was made to obtain
good statistics in the tip region of all the proton spectra so that partial cross
sections could be derived.

The magnesium target for the experiment was a metal foil enriched to 98.25
% »Mg and of thickness 4.8 mg/cm?®. A natural “hyperpure " silicon wafer

(92.23% Si) was used for the ®Si measurement. The wafer was chemically
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etched to a thickness of 6.75 mg/cm’ with an anisotropic etch mixture? This

provided a self supporting target capable of withstanding the temperatures generated

by the electron beam.

In addition proton energy spectra were measured for a thick NiBeO ( 80 mg/

cm® ) target at each of the magnet settings to allow correction factors for the slight

variation in efficiency between the detectors to be determined. A blank target holder

was also tested at 28 MeV to check for the presence of background. This was found

to be negligible.

§ 3. Analysis

The measured proton spectra

for the various magnet settings
for each electron energy are
combined into single spectra
using the method of Allen®
The proton spectra are cor-
rected for the mean energy
losses in the targets and for
nuclear recoil ; the data is
then ready for analysis.

Each spectra represents
the yield of protons at that
electron energy, which allows
yield curves to be constructed
for both of the nuclei. The
incident beam of electrons
can produce nuclear excita-
tions of various multipolari-
tiés, In the energy range

under consideration the
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dominant mode is E 1, thus the virtual photon spectrum® may be used to unfold

the yield curves. The variable bin Penfold-Liess method® was used for the analy-

sis and the resulting differential cross sections for *Mg (7, p ) and *Si (7, p)

are shown in Figs. 2(c) and 1(c).

The photoproton reactions on #Si and *®Mg form *’Al and **Na respectively.

Knowledge of the low lying states in these residual nuclei allows the cross sections

to specific states to be determined. The first excited states of ?’Al is at 0.84 MeV,

so that the final 0.84 MeV of the proton spectra contains only protons from reac-

tions that leave ??Al in the ground state. In the case of ®Mg ( 7, p, ) *Na reac-

tion only the top 0.47 MeV can be used since the first excited state occurs at this

energy. The (7, po ) cross
sections can then be derived by
dividing the top portion of the
proton spectrum by the appro-
priate part of the virtual photon
spectrum for each tip energy.
These cross sections are shown
in Figs. 1(b) and 2(b).

Having obtained the ( 7,
po ) cross sections it is possible
in principle to calculate the
( r, p1 ) cross sections by
subtracting the contribution to
each proton spectrum. The
( 7, p1 ) cross section can
then be derived in a similar
manner to the ( 7, py ) from
the corrected spectrum, but
unfortunately a difficulty arises

in both residual nuclei. The
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second excited state in 2*Na occurs at 0.56 MeV, only 90 keV above the first
excited state, whilst the separation of the first and second states in *Al is 170 keV.
Proton straggling within the targets limits the effective resolution of the spectrometer
to approximately 250 keV and 180 keV for 10 MeV protons in the silicon and
magnesium targets respectively. Thus we are unable to separate the ( 7, p; ) and
(r, py) cross sections, but it is possible to calculate the cross section for the

(7, pi+p:) reaction. These cross sections are shown in Figs. 1(a) and 2(a).

§ 4. Discussion
4.1 B8j

The %Si cross sections are dominated by four major peaks which are evident
in both partial cross sections and in the total proton cross section, although the
second peak is unresolved in the latter due to the poorer resolution inherent in the
yield curve measurement. These peaks are centred at 18.2, 19.0, 20.2 and 21.2
MeV, in good agreement with the structure shown in the total absorption cross
sections of Ahrens® and Bezic”', the partial cross sections of Matsumoto® and
the #Si ( 7, n ) measurements of Webb® and Veyssiere et al !®. The precise
energies of the peaks vary slightly in the different measurements, however even
the smaller structures seen at 15-16 MeV and 22.8 MeV are apparent in the other
cross sections. The high resolution measurement of the Al (p, 7, )" ®Si reaction'!
also is in excellent agreement with the 2Si ( 7, p, ) cross section, showing clusters
of peaks centered around the energies that coincide with the structure seen in the
present measurement. Integrated cross sections for the *Si reactions are listed in
Table 1. Differential cross sections are multiplied by 47 to allow comparision
with other measurements.

The measurements on ®Si were partly motivated by the ( 7, x7’) data of
Thomson'!? which suggests that the lower excited states of *?Al are strongly populated.
However this evidence is not conclusive since gamma ray cascades from the higher
states may feed the lower states. Clarification of this is possible by comparing the

three 28Si cross sections which reveals that both the ( 7, py) and (7, p;+ps )
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Table I Integrated cross sections for photoproton emission
from %Si. Derived cross sections are multiplied by 47

( assumning anisotropy) to allow comparision with Refs.
11t and 1277,

This work Others
26 26 E
Reaction f odE f odE f odE E, E
15 15 Eq
(mb-MeV/sr)  (mb-MeV) (mb-MeV) (MeV)
BSi(7r, p) 16.5 2.1 207 + 26
BSiC r, po) 3.6 +0.5 45+ 6 457 16 24
. + Tr
BSi( 7, py+ps) 4.5+0.7 56+ 9 I S T

contribute a significant portion to the total proton cross section, which is consistent
with the ( 7, p7’ ) observations. Table I lists the integrated cross sections for
the different reactions. 22 % of the total proton cross section is to the ground state
in ’Al, whilst 27 % is to the first two excited states, at 0.842 and 1.013 MeV.
The integrated strength of the ( 7, p, +p. ) reaction agrees well with the estimates
of Thomson which are also listed. Similarly the strength to the ground state corre-
sponds well with the calculation of Singh''’ from the (p, 7,) data. With almost
half of the total ( 7, p ) channel populating the first three excited states of ¥Al
it appears that the #Si dipole states are formed and decay predominately via direct
processes. Certainly statistical decay of the GDR would not lead to strong population
of these states, hence it would appear that the single nucleon component of the
proton reaction must comprise at least 50 % of the total.
4.2 Mg

The total ®Mg ( 7, p ) cross section which peaks around 20.5 MeV and
shows only marginal structure in comparision with the ?Si cross sections. Resonan-
ces are evident in the ®Mg ( 7, p, ) cross section at 19.6 and 20.6 MeV. These
are also present in the ( 7, p, +p, ) cross section, but remain unresolved in the
total proton cross section. The only other measurements of the proton channel of

®Mg are that of ( 7, p) by Miyase'® and Bangerts'" ( 7, p, ) cross section,
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in the energy range 13-18.5 MeV. The former measurement shows pronounced
structure in the region above 21 MeV whereas no evidence of significant structure
is seen in this region in Figure 2. It would appear that this extra structure may
be analysis induced? in view of the excellent agreemenf of the 2Si cross sections
with previous measurements. The latter ( 7, pg ) measufement shows structure
at 15.5, 15.9, 16.5, 17.0 and 181 MeV. Despite the poorer resolution of the
current ( 7, py ) cross section some correspondence is noted in the overall shape

! shows evi-

at these energies. The ®Mg ( 7, n ) measurement from Livermore !®
dence the same marginal structure in this region and also at 19.6 and 20.6 MeV
which correlates well with the peaks in the partial cross sections.

The main strength of the ( r, n ) cross section lies at 23 MeV, where
structure is also seen in the ( 7, p ) cross section, although it is not apparent in
the partial cross sections. The ( 7, p ) measurement does not exhibit similar
behaviour at high energies. One possible explanation of this large increase evident
in the neutron cross section at high energies are the multiple event reactions. The
(7, 2n) measurement from Livermore shows this channel to be small above its
threshold of 23.3 MeV up to 29 MeV. ®Mg ( 7, np ) has a threshold of 19.0
MeV. The photoproton measurement is insensitive to this reaction since only protons
with an energy of more than 2.6 MeV are detected. Energy sharing between the
proton and neutron means that little of the ( 7, np ) reaction will be measured
for several MeV above threshold in contrast with the neutron measurement. There-
fore one might surmise that this reaction contributes significantly to the neutron
channel, accounting for the anomalous strength seén at higher energies. Nathan’s'®
measurement of the photoneutron reaction does not wholly support this proposition
since it decreases after peaking at 20-21 MeV despite the good correlation with the
Livermore dada up to this energy. This behaviour is similar to the photoproton
cross section.

Structure seen in both the ( 7, p) and ( 7, n ) cross sections is interesting
in the light of the prediction of isospin splitting of the GDR. Based on the argu-

ments of Fallieros!” a non-self conjugate nuclei such as ®Mg, where 7=1/2,



48

the so called T< and 7. components should be split by AE=60(T,+1)/4=3.6
MeV. From the more recent calculation of Leonardi'® the splitting for Mg should
be 2.5-3.4 MeV. Independent sum rules give the ratio of the energy weighted cross
sections for Mg as T-/T<=1.55. Isospin selection rules and coulomb barrier effects
suppress the T< component of the proton channel and correspondingly the 7. states
are enhanced. The opposite is true for the neutron channel. In view of this the
groups of structures at 15-18 MeV in both proton and neutron cross section might
be attributed to T- states, whilst those seen in the region 18.5-21.5 MeV to the

7. resonance. The positions and relative strengths of these two resonances is con-
sistent with these predictions. The photone{ltron strength at high energies does not
fit into this scheme, however may be accounted for by the ( 7, np ) reaction.
Alternatively this strength may not exist if Nathan’s'®’ measurement is correct. In
either case isospin undoubtedly plays an important part in the formation and decay

of the GDR of ®Mg.

Table I Integrated cross sections for photoproton emission
of ®Mg. Derived cross sections are multiplied by 47
( assuming anisotropy ) to allow comparision with ref. 131,

This work Miyase
26 26 E
Reaction f adE f odE f odE E, E
15 15 Eqy
( mb-MeV/sr) ( mb-MeV ) ( mb-MeV ) (MeV)
Mg (7, p) 6.8+ 0.9 86.0£0.11 94 + 121 thr. 30
®Mg (7, po) 0.81+0.11 10.1 £ 1.3
®Mg (7, py£p2) 0.75+£0.11 9.4+1.3

It can be seen from Fig. 2 that the ®®Mg partial cross sections contribute a
much smaller proportion of the total ( r, p ) strength. Table I shqws the only
12 % of the total is to the ground state whilst 11 % goes to the first two excited
states in *Na at 0.47 and 0.56 MeV. This contrasts with **Si in that a much

smaller fraction of the decay is via direct processes, therefore we can deduce that
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statistical decay is more important in the case of Mg than for ?Si.
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Short—range Structure of Amorphous Silicon
Monoxide by T—O—F Pulsed Neutron Total
Scattering

M. Ueno, M. Misawa and K. Suzuki

The Research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendai-980, Japan

§ 1. Introduction

The structure of bulk commercial silicon monoxide (a-SiO ) has been studied
by Yasaitis and Kaplow'' using x-ray diffraction, while no bodies have made the
neutron diffraction measurement of a-SiO. From the results obtained by the x-ray
diffraction experiment!', it is concluded that a-SiO has a unique amorphous
structure, which is not a simple mixture of amorphous Si and SiO, glass. Futher-
more, that a-SiO is a macroscopic mixture of Si and SiO, can not explain that a-
SiO is soluble into fluoric acid. On the other hand, a model calculation for the
short-range structure of a-Si0? showed that a mixture model at the atomic level is
apparently consistent with the RDF obtained by x-ray diffraction. The O-O pair
correlation is not easily obtained by x-ray diffraction results, but is predominantly
observed by neutron diffraction experiment.

The purpose of this study is to obtain the short-range structure of a-SiO from
the high resolution radial distribution function observed by pulséd neutron total

scattering using a ( 7, n ) electron LINAC neutron source.

§ 2. Experimental

Silicon monoxide sample (a-SiO) used in this study is a commercial material
produced by Wako Pure Chemical Industries Ltd. The bulk a-SiO sample was
smashed into fine pieces and then contained in a vanadium metal cylinder cell of

thin wall of 0.025 mm in thickness, of which inner diameter was 7.8 mm wide
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and length was 70 mm high, in order to measure neutron total scattering intensi-
ties. The measurement of the structure factor S(Q) was made by using a T-O-F
pulsed neutron total scattering spectrometer ( MARK I )% installed at Tohoku
University 300 MeV electron LINAC. Details of data processing have been fully

described in a previous report ¥ .

§ 3. Results and Discussion
The experimental S(Q of a-SiO measured up to @ =45 A™ is shown in Fig.

1. We can find several interesting characteristics in the S(@) of a-SiO compared

20 T T T T T T T T
a-Sio
- 11 i
<] . JANER
»n1.0 ~J \/ N {
\/ 09 B
i ! L 1 N I} 1 |
0 10 20 30 40

Q(A")

Fig. 1 Experimental structure factor S(Q of a-SiO.

with that of SiO, glass. The S(Q of a-SiO have the high @ oscillation which is
rather similar to that of SiO, glass. The first and third peak in the S(@) of a-SiO
also show the behavior almost same with those in the S(Q) of SiO, glass. However,
there is a striking difference of the second peak profile between a-SiO and SiO,
glass. The small height and splitting are the feature of the second peak in the S(Q)
of a-Si0.

The S(Q) of a-SiO shows a great intensity in the small angle scattering reagion
of @<0.1A™. Such a small angle scattering does not appear in the S(@ of SiO,
glass. This means that a-SiO contains a significant amount of fluctuations of topolo-
gical and /or chemical short-range order over the range of the order of 10 A. Some

relationships between the mixture model and the atomic scale amorphous structure
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(M gia0 ).

of a-Si0 must be found from the detailed analysis of the small angle scattering

data.

Fig. 2 shows the radial distribution functions ( RDF ) which are the Fourie-

transforms of the S(Q) trancated at various values of Qmax. The first peak around

r=1.6 A in the RDF’s corresponds to the Si-O bond in a-SiO. The Qmax depend-

ences of the position and area of the first peak are shown in Fig. 3. The most

expected values of the Si-O bond length (/g;_o) and the number of O atoms bound

to a Si atom (#g;.o) are 1.631 A and 1.99 atoms respectively. The numerical

results are listed in Table I, together with the fluctuation in the Si-O bond length

(41>,
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Table I Si-O bond length (/), its fluctuation ( 4 / )
and coordination numbers (7gi.0).

[e]
Z(X) 4 [(A) Ng; .o ( atoms ) References
1.64 0.09 2.04 Y asaitis and Kaplow ( 1972 )
1.631 0.051 1.99 this work

(g-5i0, ) (1.613) (0.050) (4.0) Misawa et al. (1980)

The Si-O bond length in a-SiO is slightly larger than that in SiO; glass.

When the three dimentional continuous random network of SiO, tetrahedra in g-

SiO, is broken due to the addition of alkali-oxide, the average Si-O bond length

is slightly expanded. The expansion of the average Si-O bond length in a-SiO

may be caused by the dissociation of SiO, tetrahedra.
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An Experimental Observation of Bridging
and Non—bridging Oxygen Atoms around
a Phosphorus Atom in NaPO, Glass

M. Ueno, M. Misawa and K. Suzuki

The Research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendai-980, Japan

§ 1. Introduction

One of the most important studies on the atomic structure of oxide glasses
is to distinguish the non-bridging and bridging oxygen atoms in their three dimen-
sional network structures. There are some differences of the P-O bond length and
the coordination number of O atoms around a P atom between P-O° ( bridging )
and P-O~ (non-bridging ) bonds existing in the crystalline state of NaPOs' and
P,0s2' . Therefore, it is interesting to examine whether such difference between
P-O° and P-O~ bonds are still preserved or not in phosphate glasses.

In order to distinguish the P-O° and P-O~ bonds in real space on the radial
distribution function (RDF ), we need the information of the structure factor S(Q)
over an enormously wide range of the scattering vector @ (=( 4x/2 ) sinf )
particularly up to high @ of 30 ~40 A™. From the point of view, T-O-F pulsed
neutron total scattering experiment is a unique and powerfull technique, because a
relatively high flux of epithermal energy neutrons can be easily obtained from the
(7, n) source installed at linear accelerator.

The aim of this study is to observe directly the bond lengths and the coordi-
nation numbers between P and O° or between P and O~ in NaPO, glass by the

pulsed neutron total scattering measurement.

§ 2. Experimental

The measurement of the structure factor S(Q) was made at room temperature
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using a T-O-F pulsed neutron total scattering spectrometer (MARK II ) installed

at the Tohoku University 300 MeV electron LINAC. Sodium metaphosphate glass
(g-NaPO,; ) was prepared by the same procedures described in reference® . The
glass sample was smashed into small pieces and then contained in a vanadium
cylinder cell of 0.0256 mm in wall thickness, 7.8 mm inner diameter and 70 mm in
length. The sample contained in the vanadium cylinder cell wés kept in a vacuum
chamber to prevent it from hygroscopic reaction and also to eliminate the background
due to air scattering during the measurement. The procedures of data processing
from observed T-O-F spectrum to S(Q) have been fully described in a previous

paper? .

§ 3. Results and Discussion

The experimental S(Q of g-NaPO; measured up to @= 40 A7 is shown in
Fig. 1. The oscillatory behavior of the S(Q) is obviously found over the all range
of Q@ value examined in this study. Figure 2° shows the RDF’s which are the
Fouriertransform of the S(Q)’s trancated at various values of Qmax. The first peak
in the RDF’s is found to be split into two subpeaks. The first subpeak is located
r=1.50 A, while the position of the second subpeak is 7 = 1.64 A. If the short-range
structure of g-NaPO; is assumed to resemble that of the corresponding crystalline
compound (c-NaPO; ), the first and second subpeak correspond to the P-O~ ( non-

bridging ) and P-O° ( bridging ) bond respectively.

20 T T T T — T T T
g -NOPO3
11
_ 09[; i
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Fig. 1 Neutron total structure factor S(Q of g-NaPOs.
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Fig. 2 RDF’s of g-NaPOQ;. Fourier bond length ( /o) and number
transformation from S(Q) to RDF is of O atoms bounded to a P atom
truncated at various values of Qmax. ( 7p0).

The @max dependence of the position and the area of the first peak in the
RDF is shown in Fig. 3. The atomic distance and coordination number of P-O
bonds in g-NaPOj; are summerized in Table I together with those of ¢-NaPO; and
c-P,Os. The average atomic distance of P-O bonds and the coordination number
of O atoms surrounding a P atom is 1.57 A and 4.1 atoms respectively. The basic
unit structure constructing g-NaPO; is the distorted tetrahedron of four O atoms,
of which central hole is occupied by a P atom, that is to say, two non-bridging
oxygen atoms are connected to the central P atom with P-O° spacing of 1.50 A
and two bridging oxygen atoms with P-O~ spacing of 1.64 A. A small peak located

around r = 3.0 A in the RDF’s corresponds to the P-P bond. Therefore we can
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conclude that a P-O°-P angle is about 130° in g-NaPO,.

Table I Atomic distance and coordination number of P-O
bonds in ¢-NaPO;, ¢-P,Os and g-NaPOs;.

P«OO( non-bridging ) P-0 (bridging )
lpo(A) ny.oCatoms) [po(A) 7,5 Catoms) References

Crystals
a, (NaPO; ), McAdam, Jost
(Kurrol saeit ) 1.48 2.0 1.61 2.0 and Beagley (1968)
#, (NaPO; ),
(Kurrol Sa31t ) 1.47 2.0 1.58 2.0 Jost (1963)
(NaPO; ) _ _ _ _ —
(Maddrell salt )
POy (1) 1.46 1.0 1.58 3.0  Qruickshanck
P,0, (I) - - — — -
P,0, () 1.49 1.0 1.56 0 (luickshanck

Glass
NaPO, 1.50 2.1 1.64 2.0 This work
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§1. F
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THY, —RILPWTLOMBBREBILE (PSD) & LTHEMALAIE Sh 2BRIETHL,

YV FU—2—PSDOARE LTHAEFERIN TV EHREITVH—H A FHR L = v
2— ARV Th D, 7V H— h A THRIBEEESIER ST, McBET2Y KR
TV a—-FNARRELDY YFL—42— PSDRDOWTT - LR OB EL #ET S,

§2. Tva—FAR

TVa—- FAROREAHE I KR T, 5V FL—F —BRICPETFHBAS LTV VF
V—va YEERLIRE, ZTOX% 71 b A FETRISEN LTk 2 B o o B TFHES
(PM) RIBZZET 5, EDOPMOLESHHMC L DB FETFREDERICAH Lich 2k
BDho THTHI LK LD, PMOBEE R TE, BFENRY AT ARIANTELD, 54
LEGICE 1 RTHAT S, IR 1 ~10FBETOIMED v v F L — & —FEH % 35K
AT PMIcEle LIcBE T, ZOBEPMIB6ETRSTHD, — I, DA 7, PM
DEHENETDHE, BBV VT U= Z—BEREIN;(n)=n1/(n—7)1 1 Llch. 81 KD
HRIC 7 & N;(n) DBIRA j &35 4 — 4 —ik LTRDERAR LThH B, 5T, 8 1KT,
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In
1 2 3 L 56 7 1
8 9 0 NJ(H)=—'—'—'———‘ n! =
i’ (n-j)s
j branches 400
<
=

n photomul.s 200

Deco%er
ROM

=== o |
Position i«‘:,.,«\
I Time Analyzer }_‘

IR Tva— FHROFERN, ;AL kO PMOE
Bink FNTBELDLYVFLU—K—BREN;(n) OBIRR,

6EADERICHETNAM LickT5E, YvFr—va YHIPMODAD,E KIRES
N3, Fa2—4—T ADERF6FHCHIESFTHERIDMELKRE 5o TOHATHE
3950 PMERD 24 Vv F VARENEKOLERETH0TPMTHT HER/ 1 AFL
BETELFR/LD D,

§3. MBHEPHEFIUFL—F—HBEHE(GS—PSD)
31 SAMHAE
COHROEBISFIET A FHA FTHD, EH LI, KOBBE, HHETTK, EFE
EAEELCEE LA 3 VRO A HAWS Z LI Lo 8 1 R fox 2 H Oftks
13k GS — PSD AW ToT A H D,

H | &5 B
i1 7® 0.25 mm
i R B T 1.495 (ny)
oM B T X 1.402 - (7ny)
B O M (N.A) 050 (N.A.=/n2—n3 )
% ¥ vl 60° (=2sin (N.A))
& B >3 80%/m (#&F : 400 nm )




FEHTHbHo 3HISTRITE 2 RTRT
Iae, BErbERK 0.25mme D7 Ak
HA KEBATITE, TOBRM LIRS 1
&, 28, £3@ %Kk xPM AB,
------ ~KNRTHbD, vV/FLU— K-

1 E#T 10mm X 10mm THBHD TA0AX
OBD T AN DD EN T 5o
YVFU—E =51 M FOEI 3 mm
BEDHF T A« A=Y —F ANt ¥
VI U=V g VEORTENE L hTE
HDOTTA MAA FDZNA (~60°) 2 ERE L
T, HRAHKEGPMIRE LA BEIhE LK
THDTHb,

32 YuFL—H—

SLi HIAYVFU—2 —BEHELLT 10mm
Xx10mm, EE 2mm O DEXA oo &
2D YV FUV— 2 —EROHREICK E IGEVD
HHERHODT, Hrie2&, PHEFESHIM
Bl B 3RRBEHRS MO 1
Bk, X, H4R, 100fED >~
VI U= 2 - DU EE LB ERE
KDOWTHRED S i xR Th So
ZD 5 BHRREDNTVSMED > v F
V=& —%EA TR, 84AD
vV FU— 2 -FE SRR T X
5 1228 % 350D b I To
CopiEry a— FARTEK

350

w

o

o
Y

INTEGRATED INTENSITY (arb. unit )
w
o
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e8]

N

>

#F2R  0.25mm¢ DL A Hh% 3HUET AR
DERED T 2 H DB,

M3R o VFL -k —EROBET
ABHE I B B o

| P=286.1
o 6= 127

FEET, BOBRTELAHT
&, 3Aeva—FORERRE
eh, ThuaBLwTwhb, ¥,

30 oeak POSITION (ch) P

$HAXK GS—PSD HK¥EMLII100EDOY /T

L — 2 —BROW RGO & — 7 OB
B & LB D53 Ao
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it T ASHEICIE, XOREH &
LTCTNI e Txr4 N mEDYV/F
V=g YEOEXHERLEL TH

%o
3.3 EBTREE (PM) _ - _
TYa-— FHRTE, vYFr—  #5R &y vFr—s-BEMOYYFL—va

Y UKD PMIcET % % Tl fE YHDOFEEP CTDDT LI =0 s <,

BOBERTRET 5, BUFIED PMAZIRT 5 lcdic, BEIICH LR LEFDOHII%H
BLTHhDe 1 7FOFEBFRLIATAYYVFL—X - AS LERBETLIHTFEEYN
(4000~ 8000 ) &350 XIS KEEEZ DN, T4 k1 FRASTHEE 0, (10%)
E3De T4 MHA FOBEBEE% 0,(40% ), 54 M HA FhHLPMAABEIGHE (10%),
KEBHEOBEFHESY 7 (20%), KBENLLOBTFNEL X1 / — F~ABEIE% ( (50% ),
PMOFIEA G (~107) &35, BRHICT / — N 2B TOEB N (ZRDATRE %o
N,=Np+ 0+ 0;+E27+(G (1)
T/ — KV (@) & PM OFAfEEE D H

V) avie)
2 +C°————dt (2)

Ne=

LBIF DL, 7/ - NHEAOONERDERA « 95L&, (RO RC> v T

1

,—_:’!‘2 1-r 3
V= c’ 3

Lishe CZT r=RC/T Thho %37 —Z—REEH G 25 &, Viax =1 volt LFH
TEbo CHREHMECINHHETHL, HEFHLEEE LT, TR TVEO R 1250 —
ASSY BB Z &k Ll

YVFU— R —BAEEY SHIETH AT BRI IED PMBRBLETHSD, PMOFIHIL
PMIC & - CETRS S, EHET, PMEhF 5/ M 7 ABEXFLKLT, PMOFEYR—
[ B Al

3.4 GS—PSDOE/E

# 6 MicBL/E L1 Glass Scintillaton Position Sensitive Detecton %7~ 7, % 6K (a)
374 M HA FOMGEENDLRIRTH D, KHOH AL LFRETHAHL, Y vFL—v
2 VHETA M HA FT3FEEN, PMRET S, Chiky VT L —2—fl bk icon
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(a) (b

$F£6X BELIGS—PSDOD

HH,

@ 1 bHA FEREHE
bR,
KEIDOF RO bt
MAS,

®) T4 b HA N &R
@ﬁ‘%ﬁf\:@o

@) 714 M1 FEOH
O CEE D) & PM X
CATREE =T DN

()

O (D) THDo BIEIKY YFL— X —h2RFIX SERIIEOND, DT A MHA FREH
OflnHR2EHE 6K (c) DEMTH %, BHIE IEAD PMOXRERT, ZOEAFEMM X
£5 XD IMAITHNS, |

35 HM ® R

PMALOFEBET + A7) L %= 4 —T, —ERBLEOSOLFMOH SN, 3ANA
Rt REIRE 2 T, MEBRERIERILE > TENRDDN D, REEIEX ROM LENTH
%o RLB DX DTS BT RIS H7 8 Crh i TIRATRE R AIE X N 5,

WiEs — 213, HOCH U1 7 YT & RER S o FROAEHIKOE 51 Lz
YYF V-2 -BRIWFIX BRI -TE D, FEREFIRI2TF + X VORITRERINA & Hh
Lo 15« JB s kT v RARITREROME R [jr £ 55, (i=1~28;7=1~3; k=1~
32) Lijp #FRTHORBIC L - THETELDOTRD L > B4 1T 5 10
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i>w=§§mk ()
GEOBRIE L, RAREAS L OIEFRT Do

m.w=%%zw &)
R ORI U, b T AMKE A S ML OREERT Bo BL, LAT -
SBDTF— X AE E Do

m)m=§mk ‘ (6)
L - 3BT — 2R L B0, REROTASEOT S & AR PR
B %o

§4. GS—PSDOFR MEE

GS—PSD it L 3 EHERT 2 b, KENS ORHEFAE—44 C-2 ZMATr- 1o
C—2 Ao I CORYTHERA <7 F U3 A~10A bt oTH D, 6 A MEEABRERA
Cin->TWb,

41 KBr HfEREH

GS—PSD % T ASH I FATICE % KBr S RD 200 77 7 R HHE Lico #7
BICEEA R L Th Do 5 7TRNCHE LTHLH, ERMAMNNE, fEDF v v Ik 1~
WL o ThDe BTROEMD A=Y FE, HHOORIC L HERTT 77 RHEHEDS
FICH o 1Bk < i Do & 1RO A0 MLEMRICE BERT, 77 7 RENE OB

=12y KBr(200)
210} 2
< —
> 8t : KBr
=
LQ 6 bso
@,
=
2 L
0500°000090000000 OOOOOO °Ooo.otooooooooo.o.‘l' 00 000g0 0
O 1
10 20 10 20 30
POSITION(ch) TIME (ch)
lcm/ch 1333 msec/ch

#7M GS—PSD T KBr BfEfhod 200 77 7 KA RE LIcfilo
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ROPETTRS Ieh bbb, ZOBORESFEs0EERERENT 1.333 msec, F+ vV %1
B8i% 1.333 msec Th b, HTRIRIND U~ 7% KBr OBRFERK 200 77 7 KED
BOENEG L ERTL L, PHFINMBRBRIS N, $1, BUY — 27 38R L0T,
3Ty a2 - FHARRIBKRGS—PSDIRELSHIEL T ZEpbh b,
4.2 yavmEREH
V)3 VB RAR TEITRBR AT R A E SRR, ARV GS—PSD OEE X
KBr BEfDOR LR TH S, H8RIL, O)RCLIERTHL, =213 111 75 7 K4
Thh, E—I7DORNDAELRRT v vV X VOBGREE IR LTH 5, HIRD I,
AKtE GS—PSD OMfI%MEE & 77 VT RKHAN HRORTRE 5,
2d,;, sin =2
tg twel,=L-2/04

_ 1 N (7)
0= tan™ =7

L=Lo+ 12+ (14—, )?

n
28 :
: q g (Si palycrystal
30t 26
Si (1) F%D (111)
AR |\ S -
\E—/—/j/\\g 2O'/

I
b

=== o e
_—— ..
1 It 1 1.333msec/ch

TIME OF FLIGHT

8K GS—PSDTvVYaviRo 111 . .
75 0 B R B Lo % 10 20
Ip * Position (ch)

FBOR YVavBERD 11l 75 7 REMN
GS—PSD LR A AL E & B
(ERCHIG ) OBIFRK,
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CoT L, Ip 3EAREROMBEDF v v 3 AVKT, I, OHALT 1.333 msec, e DEAL
3 1emTh b ty (ZIRIEMR (1333msec ), wiKF v v 3 LIE, LIZE&RTR, (i
RRIm D GS—PSD  TORMIRE, 20 FBAATH 5o

%8@?1M7§7E%®E—7ﬁﬁf®¥§TﬁMén,E—ﬂ&ﬁﬁ@f*b%ﬂ%&
Brestid s LAHB L, AGS—PSD AT ~TOF + V31 TH E CEIELTLD T L1
EHTE oo

BERTD TS S s OB, BEASET AN P RECRIET Bo BREICH
EOMMDHDLDL, ¥ YF U— & —EROWKE, PMOFIEHEE, FXROFREI KR
L Th\WhrbThb,

§5. & -2

HF Ay F L — & — b TRIEORADRERT, NI B BRI E
LB LT b, 2T, Chbi PSD ~BAERDLED, COMNKSERENIT)
KPR END, TV — FARIEC, ThICH-17d DT, FAadfT -7 Hic ROM TH
R HAF > TRIE, MERECET SR, ROMOT 7+ 2RI AR LAx D
Elebisu,

Tva— FHROKRAR, MEOSREENRY Y F LU —Z —BERORKEETRDONL LT
H0, BFmmARETH %o

THx D GS—PSD Z—IGHRI LI, FRHEINDINERIE STV Do TH LEFIFEL
Th b,

D 54 FHA FELTRESTHROT ANEEM L pB10nsec &4 5 &R VA
B R BICAT b TN BB T A RENRH Do

i) OBIEE 2RO L 5 RS LR L, 5 LBlELHRTS ST E
Yy, Tva—RFAROIA ML T VRIS,

i PM i Bl 2ER A AL 3 ADRREHIC L DRETTRETH LD, TRECXLY YT
Lev o viE, BloAR b ndbit, Chk, E0X5, AR
PR T ALEDD Do

g3, AEBOERAICAT TIADLOBRZIT-> T %o
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7 Ui —h A7 HRIC & BALE AT
vrFL—g —#HEd)

e, IR
HE % - SRER™ s
gmﬁﬁﬁﬁm5ﬁ

§1. I3 L & (C
7 v H—h AT (anger camera) HRIC L AR BHEERKRHINE, AN 4 7L L THR

Xhtbo " THh, ChEhETRHEREL LUSRTADIE, TOREXRET LK
HRA, BELLED L THRTRATILNELN S Do BAFBVEEL RS LGP0 KE
FRIEECE S C LI L D, HIFEHE, MEROOBRKOEE SE AR Lico ZOLSIRT
DOW2ER A BT BT D, HTH 5,000~8,000 EREDKO BER R XHR O 1o, BT
MR ER G VEETH BT EY T« hvrErAvlka v s —Z—vialb—v¥
s Vb TR LT

neutron .

§2. FUH—hASHROEE - =dleli g
TN AT OEREE 1 RCRT, f disperser
BRI ( PSD ) & LTAERERD %ﬂ&kr
Vv F U —&—HRAELS#kk(disperser) ‘ —

AR LORBETHEE ( PM) ZEEDD

o VVFU— R — OB AOMICESE Y 7 X1
BLL, YVFLU—Z —ORFENRL LK =S
Eukoie, BRALOKEWETHES S y=2YL
tevvFr—vavkiEyvyFLr—2—-RNT ' 1

LREE AR BTV, TD 128, JEEH
TGS DRI CAKRE LI EEOFAI Y
VFU— g VEDKEGDBASRT 5. T
T, COXEOBRELERDIE, ThhH R TR T Y5~ AT
FASLBECHIGT %0 FHRDEHEM,
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§3. ®ELKEPSD

WSk A 120 H D PM CHfERE, BEREY
FILXRFTRT VY H—H A THRBEETDH L
5 BEECH 2 Kicrd PM ORLE A8 L1
KEVPMIZ 576, NELPMIZ 27¢ TH
5o

% PM O ] & R DAL E D BIFRITRER
BIEEREHRTHDN, —DODHEELLT,
RIEOETOPM, 2% hiliigKDd PM
DREHED PMOBNICHNEREXEA L L
SR T B AR B0RD 50 L ol fanBs LieTy fi—h A 50
[EI6 % p B & 7 D ERS I A 5 B DT, PMOREFIER
SETERRAYERICT 510, $XTO PMARSCH > HELY AV D, BIERDOERE («,
) BERRDOEE PMOWTI (1) O—FIEETHHET 5o & PMICHTHEL (F; ) I
BORNEREFEEEARN2EETT 1+ » M LTRD S (RORONT, EEDONHELE
BLT A DBABHLTHS ),

—%:E%+AL+%(b—&)+%(&-h—b+h)

+ By (Iy—1Iy—I,—13)])/SUM (1)

-%=E%+AL+&(A~h)+%<h+h—h—h)
+By o (Lt Iy—1Ip—13))/SUM (2
SUM= %1, + Yol 3)
I i ZHD PMOWES Ty=Y=a PMDOFOEDBRE
Bt i ZHD PMOEL
®:27¢DPM&E5”¢DPMEREULIED e DBEET
F 1 SUMI L BAEHR £ ZEATLT LD EXFROPLEDEELYERET HEK
Ecack

§4, AVEa1—9— YIalb—av
41 H 9
YFH 5000~8000 HOFE EFAEIED , YV FL—Z—EDOFETRELIE LTH PM
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CABKOEAR 2, BN 2TET A 2k, LI PSDOERYE, FHECHLTIE
HEHEL TRERORELE L RD D,

42 viav—va3voiH

HFORERVMBERDIZUA T O EH TITe - o

a) KIEFHPUCFHEETLLREL, XFHIT 1B D 5000~8000 fED M % ELE THRET
%o |

b) KA EFCREZLLIIREEET (cos 0, @) #EABTHRDTLL, F1EF
HOERFHIRE AT (cos 0, ¢ ) #HBUORDDH, RHRKIEHERD 7/ 3 TH% ;
HIFETI8L & T %,

c) ZBRB L IERHFLUNITNTOEREATHIBBTHDET 5,

d ABOYYFLU—2—DRN 1/RBRIIEDORERYID, H£RTEEYI 2V —v
2 VEITV, & PMEADKFEE %, MERDOFHER ()~@)) A, &2
RILTH, kDD L LB, B, DMEXET S,

e) ZOEE, viail—va VAWV AEEOTIERERE L TE <,

43 HEEHE

KEROBBEEGARDDLENRD D, PSDOMEELEDLTRICERNE, FMiE, —kik

BHLH, B OV TIERROMEE N HATKRSLDT, ZITRELT, BRYE, &
FREEIC DWW T TORICER L, ChTHEL TV,

B
L=2% [(x@——xﬁ)ﬁ+(yg—yg)2)%/n (4)
(%, 950 @ Bk J i< DEL (1~5)
(x5, 95 BRI n=1xj:£¥K(31x5=155)

i fRER (1 ~31)

SREE SREIMEBEOIESLOEXDEREELD, | ATHEERRN I TLHENIELDZ
b, BREEDOSHIIENSL, ZOIBRN % 2EBIERGMBER ( 2RTOH 7 ABEH ) &£
KEL, ATy iab—va VEL > TEHI N MBOBEERFZE (SD) H LY {EE
(FWHM) %#51E L, 3LETOREME (KRXHE) ¥F-T, HBELEET 5o

<SD)i==Z(xa—iﬁﬂ+«yg—3ﬁﬂj% (5)
(FWHM); = 2.35 X (SD); . (6)
SfEtE=max [ (FWHM);)
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§6. BRRUEER
5.1 # 2

A% (a)

05 "

0 0.5 1.0

1.0

05 r "an

10 ¢ ,
. (c)

05 r --l

0 05 1.0

FIR RO PMOEECHEFHASH LELREDOEKE PMNOXTFOY I 2LV —v s VIRE
5 A5 BMORIIKF ORISR OBES Mo
(@) 2258 0.1 mm, £#k 110 mm (b) 2258 7T0mm , &k L,
(© z=&B kL, otk 60mm,
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KEBEHCHFNREDL DIETL %,

~ AIR GAP 0. 1M
TV EL— A=Y 2 b= g VORIK S
Bo—flErd, #3K @i, 0.1 mm e
DT, SEAS 10mmOBOBE T
THbo FRZBEHMONFOWEN A %3

ARLTHbD, BERBILLEVTINNH

B SN %o 53 K1) %70 mmOER T %
B B TCHOGBAAT > 1B AT HDo B &
30 WAESEAFLT, vy FL- 5
& — LGB R R SR 1A TORERT @
5 5o -
5 4 Ao S ( PM OB 00 120 140
B L LT ) RELIBED, B ES JESrEEE
_ AR EEBY 0.1mm B ICRE, SEE
fREEL AR LI D TH D, i 0.1 mm DE L AT 2 1- R 53 fse (W)X R
DEEBOHETHBIRGBOE S HE t (Ao
2T AR D b e\ £ )
BSBEOE S BT L HCE LD, B | |
S A ESETR AN, Thilfid %5_ |
B hBe DF VRMENEET 5o TH 1, o
B 5 OB EORBEE T ERETRE %3_ ., . =
0, RAMEXISBIEXERLT, BAME 2 | N |~
L0V UNEDDOELRI D, B 4RTE L .- . . _6§
0.91 (110 mm ) F#E L7 bo . — 2
CORKRAESHOBAIEELT, % . 3
D 15 B R AR LR 1T
SRTHD, &OBEHERER CERED s
] I ] L

1 |
011
5 25kl (110mm) Th B, & O 6 0 90 S50 30 ODISPERSER

SEBHEOEIMBE S /55 KL, FO5N BKBEROSBEOHEAGDHET,
ORI L 7 B T 5 R & R, Z2SUR
REEDEDR RO F &I b0 T OKF, BN 0.1mm, 43#fk 110mm HiR#o
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= 2.8mm, Zf#RE= 4.5 mm RE X5 5o ALR g,ﬁ\mm??gagga

5.2 % -3

LN Eoik it BAY 45 LT 27 ¢ OPMKIIT
BT (weight Y22 Th b, OB
RFOBEAE X RO ERYE, SREOEL
R LICODBE 6T, HABETF®0 LT
276 DPMEHEbIVHATH DRBENTER |- ©
CREBRVWELRG D, I HRIE2" - -5
D PM & AN % EHTFHHE X TR IRBD, -t
BBERTAYRE LTELLE B, Ch &
EHFBD A\ PM O 7% Bk 3R 4 R STy T 6
B, BERIID L ERKE < oo toledd | HETCHT 3.65
Thbo —F, BRI ~d0m  HON LIARMOIm, BHIE T mn ©
ETRNETeh. HMOPHKEEAET 3.66 &0 D5y fERE L ERRED R,
HENRLTHD, COMHEIEE"¢DPME2"9DPM AN, HEHOE ETHRNE Lk, 2
DOPMOWMNHFA LT 518, 276 DPMEMZ AREHBATFTH 5,

DFED 2"9DPMESHICHhDH 5" DPMERKLT L WO HFETHD, ERII L, 9K
276, AKRDHEAEDETHLPMM 56D PMMISKSHHECE < b T, PM% L0
CERELLOEELL, MENERCRELHRCD EELBNRD, Z2THEH2ESE (0.1mm)
75 A5 Ek (110mm ) DFHEDOWTRLTW B D, BEEPTHEOE IR E > Th
(HMABBETOKRE ZIEDLSD ) ¥ - o A UK EY 5 25D T, SEIOFETIL2” ¢
O PMIIZETBR O S BERTF AN TGHET 52 LT %, BDEDKRK LTGGHE SRS
TA =L —DRBHEE LD &
2B LTtk 70 mm (RO FEHEY D)

725 @ H ) TIRSEAE 110mm (BEEOBEICHY )
TETTCRBIEFEINTNE 276D PMEHWET Y H—h A 7 LR USRS 2, SMBELH
5mm CPMOERDAFBREL D, ChIRUEREELL-THE, 2ED, 27¢m5H57¢
NELEREIERKLEELELETHD, PMOB~NFR, MBHRDOHELIHE DEELT,
SRR PMOBER (KD PM ) TR TLE YFEBHR TS, ChETVH —h A THK
DFEEE, X0 DX, PMOBERL VAL ALEWEMBIRE VLD THL, L

M

[C )]

w
T
!
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B USSR A TS 1o B A T H ABAL ER L febisvyy — 7 MRIEIE 2 K
TEOBEIERTIH D, | REOHEOEHED DA< DV LEXbh, ZhOK
@E;Lm%%é@%ﬁmiofk@u%bé:&@&m@f,~ﬁ®§®%&%PMK£5
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NEBARBELE KD, b, Z0Ba PMOBERES L TEY »5RE (AFNICIIE
B 15 ERE DT LEBENRLBCRELEVH LT, TOHAOERELERTE
BhE S TLEDCEAEHRLCVD, Lo THENE, S@iEs i3 PMOBERICHAT S
LELLND, (L, EREIMLERDDOHEC Lo TbRILHDT, BELTTIIRE
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RV 20BERD 5,

§6. #5  WENDORERUVSROMER

K RO BB I, EOREER L DV ELB L ) THEBE 110mmDBE L iroT
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oW EFHENTE WS TH 5,
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i #5272y v FLr—a—ickahts

18 X2 ¥
¥ T
IEAS « FIrEHE - 78 Mk
§1. B

LiHTAYYFL—4—(Li—GS) #HWTHSEFHEERYTIKO ET, RO KE
R T B LDy I 7TV FThh, DT ERLIi—GSHBPHTHRING L LTER
A FEOIS b bT, KK ER L TCWIRWEED—2IIE - T b, &ZANIDN
9w 075V RN, EROBAERTEOBREDEER ft-TWAD, DAV IhEEAIE
DAL, EORIEFHDR GBS HRATHUT T

BEXR, THRANY 27TV FBREE LT, ZEHOFEIAR DN TE oo —23HHET &
TR X AFENOWR CEER) oW EFIATAHE (T ERk 1 EFE8), $5—20F
FEHBH BRI OBWMBERHR VAR ) OEFFIATH L0 (T ERE | LS THbD.
BEETTHROWEE /DI TIRE, Y WFLr—42—%#E{THDHRIV. ZOHERIE,
TR S TR INCETFHETDOIINLF -RREIFL, YV FL—Z-—nbROHT
WD E < 15 bo Harris bIc LiuE) £0LDIIZYvFL—2 —DESE 1 mm LRI L
Vo UL, ZOFETE, FOORRFRHEGEYE R Lk b EEE TIRhET
DWEBSHAE LR THLEDNEETHY, TOACE, 17 AMBOB—UER T51D
Li,OD& %A1 THUEDD Do - T, PHTOREBRILETETE /D, Wraight
5 ORERTIE6TmeV OB M T L T33% L\ HIEES TH S
—%, BARHTIRR LT, RABRESERSBLIOET5L 6 ~10mmBEDE X b
Blirh, COBARFr ROFRBAE LS R DEEELTTr 2R DIIEETH S,
FEETod 5 —2>0MEAL, WEsMiEER® T Lo TRELETIHACD Do v
VIFU—R—REE, KBETHEEET(PM) OXERC 2T 508 KEOBREIR S\ 0
Lo L2 OBBERIIL LAR TR, KFERCL - THEIEET %, #izid, v

* U UF =8 - DOREELBETHEEICE RE CCTIHAEREMFES,
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— FHRI LB PSD T, RAATA M HA N Lo THETHID, 27 2 BE, BEO
WHNEL Do & ORFERBERIE, WESHOBRLT + A7) L~ (DL ) ORE b Wk
Cis b

b H—DDHFETHHWHIET, BIRR TR L LTEA OHELRfTcbh T 5 pY
Li —GS TiZ, Coceva OB LA 7s\y HIZFICOWTHA OB A i F D13 5 Hi -
CEHRFALUCRIERAIER L, rREPHET ORBINTTRER & 25 Ll RXWHITH
AKX KL, MR L - T, COBOBRHERRLRLVBELHBLY

Li —GS R AW RIIF K, ST ETHEENDD, TOLDIIE T RAFIEL L
TR EEE WHEORER DR O ED L E 2 Db, RATZEDLDOFHITIIEL LTH
W & BT e T IROBIERL T FEONBILUTOBO TH %o

NS — 15 ( BANS) OLi —GS MU TREBH B HT & 7 R TR S & A EBRI
CHEDTIE (§ 2), BRAAVAEOHMEMETHEE (PWA D RfER L, hHTL rHO
EEEHEI LI (§ 3)0 KEPWARAW TEBOMEAERE T\, 78,775V F
OEEFHFAXI (S 4) 0 FTIERAVGOLR TS0 A RBIFHEES AT S/N o
ATz (§ 500 TLTHRBR, SNV REHIFETLRBED r BOFELHRX, ZOBORF
BAREORMBEASE LR U (§6 )

§ 2. HEFETRICKBRIEE

COBHECIIFPETE rBO—FE2ERIL —GS WRHE KL ENDETHS, FOD
e, TSy 20TV KD, pORTEROMET, KE K0T R
(KENS, C—2)THIE Lo ALILIi —GS I NS —156TEZX I} 2mmThb, NE
FHEE (PMOWER 1250ASSYEH 1171 (WP SER TV EK. K. ) ZHVt, Li—
GSWFyVavZ) —AXidA A VCHEEP MOXERICES LT, F£1RKOEHET, Li—
GSHRE—Lvy v X—AKREBE, Vv v Z—%HVWILBA (L) LALLESE (TFT) E
BENDPMOT /) — FHABEHTH S v+ v Z—RIFCd BAVWLRTWS 19, EX
DEFIEFET, TROEER, AFEFIHCA TRRINBEHIND rBels e
E2bhbe, LD ERMHDLIDIELI —GS ORI Cd ( 0.8 mmE ) BT, T %
BE LBEESMERE Lo COBY/ — N ZTEREES: ( CANBERRA 2005) & [
FisiEss CCANBERRA 2015) THIE L, ME&EoHER CHIE Lice 2 KK DR AR
To Cd TEMLILBEL, EESMOC—2s0nlEz, BFREEONIESHIENT 5, F
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| KENS Cold neutron
" 26‘_; Li~GS(NS-15, 8x8x2 mm)
u
= ! HV -1400 V
8 | MA Gain 4
]
i Direct beam
Kl
15 +
1
1
; Cd 0.8mm
|/
K|
10 |-
I FWHM
! =12.2%
1
]
1
K 1
5 -\
1
1
1
1
1
\
0 100 200 300¢h.

' Pulse Hight
#F1IK Li—GS(NS—15) k527

HORENE (ELQITAYER), H2W Li—GS(NS—15) I L5 &5,
HV=—1700V, % ; 20 ns/div, BRI LI —GS DR %A Cd THE#EM L1
ﬁfﬁlﬁ 5 50mV/d1V %/I%o

72Cd % Li —GS b4 LEEL ThET 2 ST 5 LB A BB 5, DL EOKR,
NS —I5THES N ZEEOESIAFET (ERHAE <, BREHIARG ) & Cd oK
TR 7 R (VNS <, BEREIEV ) KL ST EMbD b,

§ 3. JNILRESH

§ 2 TR LI DT, WHORNEEDRELFETHE S »IROMBE ft 5o —HICHSH
BRI B AWEHRICE, KELSTTIODFENRD 5 —2RIEL LD/ L 2%
SRS, LOMIFES THIE, S5F 5546 (20— V2B | b 5—ofsE, Kl
BOSLAEACEEE ( Ty —A MRV RE) Thh, MBFIBMEEOPENRDIRY,
IRIVAGEDIR DD D TR TN, NEREDNRL e 2D DBKETH o Fx ZFRERHE D
L EVD Li—GS OB aENT D, BEOHALERA L,

3.1 N RESHE(PWA) OFEE

YESL L= PWA OBB RO 7 0 » /B% 5 3 KICRTo PMOMNEE v, (19T 4 227 Y L

L (DL) B vq W& LIcKE, XA 7—%AZ - I¥ 5, 4 t ORREIETREOF v+ v 21



BEGID 45 F ¢ v o BT 0y
b:ﬁ%: LTL\< [e] "L’I\

ADER%_SS SELECTOR

| £ 16 CHANNEL
! SCALER

Va Comp
CONTROL
o

1
t
INPUT ‘%@VG
L)

M | pra
ouTt

ADDRESS 0
CONT.

| _ L SCALER4+1
SCALER1 +1

FEIK PWA( /\/vxrll;&}ﬂ?%%) DTy

KEUOEREERER, 74 A7) VXV EE

Vq TOADESED/ SVAMR YA —
A bHMBI R, T HhORMiIcX 5T
16F % Y RIVDAY —FWT N7 v ER b,

BEMOFER AR T, Cu D&
THELE NfcFHEF# LI —GSIKA
H 1L, PWA T/ & BEA % B
Lio BARKHERY R, KF
v VAV ERT v v XA E -
IR bh%, DLEBLSTHE%
FOE—=JHMEF + v x Al 7
ML, BIEOE = EHAT e &
DFRERITS 2 TRI-ES ., HER
KELSTRDOINNMES (PHEFIE,

g COUNTS

EENEIEORMES C r#8)

o wnhout
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R 04 KE LB, K2 VAEBR, Ar—5—
EIVESL LT PWA L, 4 /b 8 nsec (FJ#E 2 ATEE), F + v 26T Do

3.2 PWAICLBAERE
BB T, E 2 5FRUCKENS
(HBFHT D) Tfile ot T2 TEEELLT

Tohoku Thermal neutron

2
= Sample Cu(poly. 30€<SOmm)
8 HV -1800V Without Amp.
3000 - \ Discri. Level
,,'.. 75 mv
st 7
i 50 mv
Y
20001 : ,? ) 40mv
| o | ‘\
Yoo
| \
] o
[
; 3
1000 / V
' " \
! B 2
r \ A
. \
i \
/A ‘ ! \
] 1
PN B By
0 40 80 120 160 200 nsec
Pulse Width
FAXK PWARXAZHERR. T4 A7

v %EZTC%%O

Tohoku Thermal neutron
LFGS(NS-15, 8x8x2mm)

HV -1500V. Amp x10
Sample Cu(poly. 30X50mm)

® ©

Cd 0.8mm
<250 psec. cut oft

Cd 0.8mm

oo°°A

>lll]l‘l,]1

°°c°o/\°

n>llv||||||l

0 4w eomlsozmozoaomﬁozoooaoaom%oz‘)o

Pulse Width(ns)

PRELTNDE LTRBTE 50 5 PWAIC L BHERR, OB (Cu)

CDZERHERTHICD, BADE
BE&UA2EZ TCPWADRERT-

EHNEBE (FLAIAYER), BELi —
GS Ol % Cd Tk L1-88, OI® o
RET MY H—EEDD 250 usec INDES 2%

Li%i6.
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Tro 855 RICERZTRT. MO@EEK (Cu) HisvBa (AR, 558 (£ RV
EREONMID 7Y — L F (EZ5~10cm ) 23T LcHa (B ) 0/ L ABSAT
Bbo BERKBHLEEE, Li —GS Ofifi% Cd #i CBeb BT %k L 1B A& TH 5, O
@ ORAETE I, FATRERIN 250 2 sec L WEAVVEB RV DB TIBETHE, © OHHE
BT v Y X AEO E— 2 B LEoid, Cd CHEMTE LW BSAFRT I E I ik
bEEL LR D, ‘

LULEDKEED D, BT v v RO ¥ — 2 OXREHD, FARHC L o THEL S hicBeb T ic
IBRDTHY, EF v VI MVAD -7 BT R LD LD bbb

§ 4. PHEETFE 7 BRERR CICBELEER

P WA T 3L A @S A %
BIE LIckER, #%h v
28 (DW) TES 45 H

o iy
THE, PHETFE T ROM , Pwa 52
Incident
N I X

°
Sample

BIMATRE: & & BTN beam MD
bo TORKICLTHE AT Pw E?
B D& ORISR

CABL, TOFBELS  g6m PWARMTOFHAEROEER, PWADH
= .y H%EF4 A7 ViE(DW) TH, ThXnFIORRES
BERREAL -0 WiE B (TAL, TA2)ECANT 5o 10f50%HIES (Le
DREERZE 6 KT, &R Croy 612A)1L, 7 — T X BIEEELDEE L Vi
K FTELDAVCIEES H Do
w5 T KR U 8 BITrRT,

% % DR TQIEDW LA DR % # Tohoku Thermal neutron | GS(NS-15. BxBx2 mm )
SfEE, ®IFDWLHUTOEESD \ '

TOFARI FFLTHD. T
(¥ Bragg BELIC L HE—27 BRD
h, ®izrhsiici. & DR,
thigF & r BOBANT AT D ZhEK

Cu(poly. 301( 50mm )

Channel width 8us
DL 75mv
DW 100ns

COUNTS(ARB, UMITS)
%_i

X fTiebh T 5 2 & bbb -

HTR PWARMLTOFHKILA NW%%
VAT PNE:%: DN P N
DWLLE, b‘DWJ: DN ol 0 250 CHANNEL 500

DEBRIDHANRT bT Ly
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2550

Si(111)

!

N fo
o
°° e @
o
e (@0 o
"o° ° o

° o0
W"" . 5%"‘&.
s

df ".'h-.

®

KENS Cold neutron
! Li-GS(NS-15, 10x10x 2 mm)
750} DL 50 mv
ol DW 60 ns
| Sample Si Powder
S
o
o
5001
|
|
|
|
|
|
250-}-
H
5
1o, o0
L'\'. P’ ;wo.w
""/w.mb ,.N"”\.
0 100

1 J
400 500=™

TOF(96us /ch.)

F8X PWARHAWLTOFHHE A7 7 A (KENS, &H#HF),

BRI L1, B () o=
WVANPNIVYN Ll Joka (e
PUTWB T ETHD, Ak A
{EART T APEALT B ID
(EIMD), Zhud, ¥k
FERIN LB RET S 7B
IsdnEE2HN 5,
FRIcPIEZT « 27 Y L~UL
(DL) %2 TTlt-1 810
N HERDO—EE =T KDOZEM
T, AR TR LA TOF
ANT N TLTHD, BiFZEDL

xS}
o

COUNTS

3

-Ray Back Ground

Tohoku Thermal neutron
Sample Cu(poly. 30%50 mm)

OOO
°o°°°
%00
o WIYhOLsJ}lmple ©0nep
"D.Ou. 00000,
"'..o.. . 00609000

| i 00200000 bonty
100 200 300¢h-

TOF( BFsA/ch.)

FIR PWARZHWITIHOTO
FAXRY bT 4o BAKI(Cu)
BEHHE (HHR) LW
& (B,

BIFHEAVN S W DY, BEED L OBIRIC O M TABIC AL LW 5, 11K B4R T

BEL LCIDZ LamRT MO T, ROT,

Beneh T RO riBOBSBRETH 5,

I, D LAS0mV & 200 mV Tik 3 BRE LAZHE Uil 12 B & R A Bragg

E=270DS /NIID, MEDETIZEAE T,

3HILA HZEAE LT B,

—Ji, I, DL 250mV & 200 mV T
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Tohoku Thermal neutron

‘ @
Cu(poly. 30x50mm )

Li-GS(NS-15, 8x8x2 mm )
hht 'Il\ \
\'I"u )‘1\4’ \ { ]l\
‘\,, ‘r 1\‘ 'Ll I.MM
A \,l]iy;‘i {v'\‘\ _ Wﬂw Y
(i | \
\4 ‘\\ \ DL 50mv \‘\\.
li b
|l \ DW 132ns ",
Ny “
N l e,
. Ve A A s
i \
2 7*\5 ;I\
= | DL 100mv
= 0N )
I N DW 84 ns
2 i)
g ‘U | h
8 i \i h ‘\\
i f\ A
H h I W
'*\]V\ \ |
Il\
i ;_‘;’\ DL 150 my
'\1 J\flﬁ: .
b DW 52 ns
u‘,&a‘l::’ \‘!\
Y
J\
Wl g
|
250 500 250 500
TOF(S//—SEC/CH.) TOF(SﬁSEc/CH.)

B0 PWATHEELLAMT (E)ETH(H)DTOF A7 b7 40D LEFH.
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% Tohoku Thermal neutron § E0 Tohoku Thermal meutron
= i~ -15, 8x8x2 mm & 0
g s e Cu220)
=L § S ° oL
10 - = 20+ o 8 o 50mv(DW.132nsec)
L e o o 200 mv(DW. 8nsec)
- L)
L 8
950 °
r 15+ . R
i - .
50 100 150 200 1o} ’
DISCRI. LEVEL(mV) .o
. .0
BUK T & 7 ROBSEE T
(HPEEFTEREL Aﬁ%)jn °e:°go..’2 g:.
LI, ODLKEM, I, &1, osF* " "e%e0 o’ g
DD 2 — L DE\NE °
Bo
. 300 310 30 730"
§ 5 LI —GS éfiﬁﬂ%@cpﬁ?*ﬁ'cﬂﬁ TOF(B,«sec/ch.)
EDS/NEDHE: BI2K PWATHBEL fohtETIR X %
Bragg ¥ —7,

§ 4 F TCRBXIHRT, PHTF L r RO
DEERIERDE OREFER S Wi &5 B
THRERD 7 A BB E & DHE 2 1T T T

5.1 P*Het&itizs & D&

HEIIKENS OBFUEF AW TIT 5T Li —GS &3He BiHiss (205E, 1/27¢)
HARHCR L TR MBI E S, % R2AAERELLT500, Cd OEkry Bt
BIHCHE L7co BONIZTOF AR b7 A% 13K R T, *He & H 80 B T bt
T Thh\nled, EF + VXA EBRDRRLNRED, ThEUMIHEEDOEITIZEAEK

5.2 “BF; Bz LOLE

BB 2 B 0BT & AV TiT e oo 3B B OB B ERAIC LI —GS H
YBF; BB EAN, THIA4Y— (75751 MEER) % Bragg AD EHH THES Y
THIE Lico A RBBRHEBOEIZIBF, 7% 300mm, Li —GSA 2mmTh b, EAE14
BRdo Li—GSDiE>'°BF, &l L CETS/NEMNEWA, BUALEES D/ L R
DEHEHL THE SN TS/NIIFA ET %, LBLUBF, SRABEDS/N i L B4
B ERITOBBETA T 5,

YBF; AT He KHAXTLI —GSDOS/NHEABETEGLA, FrIIIKOERERIK L
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KENS Cold neutron
Si(powder 10%50 mm)
Channel width 96us

Si(111)

(%)
% 3 g,
g He (20 atm. 1/2%x50mm)
3 HV 1300V
& DL 1V
8
>\*-“-» o Srtmln '~,u.oa‘e‘-7: ‘.,»_9;--../& R
0 "0 200 300 400 500
0 CHANNEL
z .
3 1 Li-GS(NS-15, 10x50x06mm)
g8 HV -1700V
DL 50mv
DW 40ns
S
Ko s o v -u;y.:.lv;&—‘f :':":!':‘v'-"::m _'7,’:'&‘(5:’-‘.:?
0 " a0 200 300 400 500
CHANNEL
#F13K Li—GS&He hvvZ— g
D HE 8
12}
—
z
2
8

LEZLND, a) B TOrfL vk
KENS & g L THYSEWDOT, PWA
TEEER G (PCOVABDRE L) TH#R
DEFENBRS Nl b) HEFFEHEED
ER L5 TS/NHDRL ST 5, OF
DYOBF, DEIHANLI —GSD150f5dH 5
fod, A—DOERBCANICE LTS, £
BB B4t CGERFEDOA DM LBRHS
T COMBES) MR- T 5, Teka)

DITEEME R DOWTIT § 6Tk~ %o

3

HIAK Li—GS&EVBF, Ao v &
— D HE, AHITIEH500 5
70ns DE B ZTERE Lic
AT, A2 1135 LT Y
—J{E>@HI AhE T,

JRR-2 Thermal neutron
HV -1800V
X 1“0 DL 75mv
Q Li-GS(NS-15, 50x2mm)
DW Ons--

LOns--~~°
50~ 70ns -4 (x173)

/

i

8
\ BF3(50%300mm)--o
?\

r

OO
,,Ao..

o
a »
r-lb

]

“Q-9\
———®0
u

o
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§ 5ETORELLON BRI, PWAZAWLLEDLMELTL, 7ES DXL 1Y
BEHR D, £ L CEF OBELERRTIIHS e S/N BB 5TV 5, L LIEBFCORET
bRONRRIC, PWATIEABEERG (IEDOEV) rBOBFELS FHEINI, TOZ &%
e Hicdd, wbtEF O Cd I X% r SR OBREE 7 SRIRTFIC X 53V A B A O RE %17
e ote BBRRUEIKC ZN ORI T, K5 DOES TR, WThoBs
HBOIRNEENEFHEL TS, vV I rRAa— T TIIHREOEIL, §iZOBUKT
37e<, WS ODDOEBOERAEHEDISIK IR L EMIE-&ED Linly,

Standard ¥-Ray Source
KENS Cold neutron 34070 60 Co
! Li-GS(NS 15, 8x8x2mm) — HV 1600V
K | 200 AMP x10
10 HV -1700V * DL 50mv
‘ DL 30mv \ o o
- ll Direct beam = \. . .
| .
w |
s | 100 |- 2110
5 L]
D - |
S ! \
i A N Pb 5cm
\. e .
K 8 °© 6 o ° © o o
50 e [ [ N N N R - -2 .
v 31620
i g \ 152 Eu
(] L)
B 400 \ .«
[ ] * *
I~ L]
200
0 995 .
0 2 4 8 10
Pulse Width(16ns/ch) i /Pb Sam .
o © °
15K BT % Cd Tl L& o o fo 2 L ee o g tis
PWA OZ%4t, Pulse Width

Cd TEv T2k LIcE &I,
Riemrmdo, Z£MiXCd (B Z 0.8mm)

16 B 1 SRR (°Co RUM®Fu) I©
LAHPWA (BH), BHITLI —GS
DRI & 88 TR L1255 A

§ 4 LRAERFETTOF ERA2 Tl 1o EREAYELT

L#, AR 3HTER LALBETHS, T LTA,B

DEBIFETROBE LA U TH 5o BKRFEVC &1 Cd THERK L TH Q) D Bragg v — 7 i
AN T, FR@®RE—IDBRZ TS, (LB TEF+ Y RAFD AT kT A
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Tohoku Thermal neutron

TNF(8usec/cH.)

» DL 80 mv
Cu(poly. 30x50mm ) DW 48ns
%
2} [ \
= |
21 \x Cd 0.8mm : '\(\ /M Cd 2.4mm
3 | o
/\'\«wwu, \MMW
% ®
= cd 0.8mm cd 2.4mm
&
2 |
= | |
250 500 750 0

TOF(SﬂSEc/CH.)

1T Li —GS ORI % Cd Tl L IcBAC DW L 0 RWEEB (B) LBV EE (@A) @
TOF AT kT Lo 7B DWIECAd DER DI\ BED PWADORIE TRE Lo
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DRI HDIE, Cd BESHFHTFIIE L CERSIERILBVWILDTH S ). BEDHEZRIT,
Bragg Bl 2 X ToplEFO r RICEM Lic & L CHBER 2B OBREOBRITE LL
Tolve 1 mmBEDE S D Cd 38 HT IR LTRSS MR E L HE2 0T Qo v — 7
B Cd A5 LB T X 5 2 3 21 Vo —DDRRE LT, PWADRENESF
HMINDBEIIBOIE T MOTREM S ZE 2 DR AN, A7+ 540 Cd DESkEN, @
L@ DHBEHEDERPFINIES T,

§7. ELHESHROMES

NS — 15Tt &L r BORKBEHLCKEREDLDL I E Db v ZOEXFIFALT
NNV ANER X BT & T OB HIT I - Too SEIOBIAEROBETIE, DL LIS E
TIREBIIMATEN, DLETHFCLPWAR L - CrBREDTEER I &b ote ¥
TR ORET D r ROBEGIKREL, N9 2757V FORENEERERTIE, 7HBE
PRAETH S ESPHMICI - e % LTHe R°BF, ORI L OB OEE, 7 iEkE
T2, BEOERICIIFTS S/ NIELLI —~GSTHHELNLZ &b bhot, LR
NWABDINS, PWA TGRSR o r BBETAE L T B aMREd & 7R & huize

B Chl~IcBie, WEmEc L5 r@fat, vvFLr—2—nEL k-1, ¥XEOR
FEHELVHIERTIE, TOHROETHFEIND, K4 DBEKHCEELT5012 DR
REETSHROI VT BRIV AT LRHELTHIETHY, TOLDIISHE, KO
B E L 5,

7.1 PWAOKE

BAEDPWAILS 3 THIR~NIHRT, FE LD LICRAG %30 AT TR 4TI - T Bo
Ui L COFETIE, /S AR DBECK X <A S h Bo SRR 5103/ L 2
W AT A8 D L TO/ NV AR R R D Zzﬁbiib\o i, EEONILESEAESEE
ik, BT+ VR hih o SV HRI WD, WEDOHETEELL, LA (3
AE) BT F T RELTRDLFRADPEDTH S L LEOBAIE AT~ L AHR &
T b, ABEELECETHRIERIMDMEL LA S,

7.2 Li—GSO%R

NS —15THE LRI AT & 7 O BERHERIE Coceva bOFERIC N TIEEICEL o £

* HE1 AQBRTHFH 0.8 mmd Cd 2B T 28413 001 BREETH 5,
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BWHO—2L LTELIi —GSDEEDE WS HHH ( Coceva X TmmDLi =G S ZHWVT),
HIAAGDBEGBEBR LTS EELBNRD, 4%, LVBLSEHRLEL O, B
EOKEIHRY RodH T Edkic, H—CTREDH 7 AFRIEETH S, £/, RbHEH
THE R R0 B, R &R L OBRLHERT L LELDH Do

7.3 AFROZFR

BEomiIXFEReRE <R Snan, WS BBYED b, [l bIE, BXWT
3R Th 100 nsec BE D/ LA THD, KFERORETFIRIC & > TIWHITEEZDT Do
BT, KFERCADHCEBEHC KX LEDD > TH, PMEALRBETIIZDOEINE L
KBRS B Do WHERITR D LT, RIBHRNFROBRG EELSEORETHS
9o

AHEOGLEERTD THHPWADIERRORBRCH I L TFE o, BEHOEERIE
LRI LE T, THEF 2B R COREEDE, BER T Y Y AL LRIWTHILT
T X o EAYHEOBEEE, FEBEREY, BEIFoEFC LB LET,

& % X ik

1) C. Coceva : Nucl, Istrum. and Methods 21 (1963 ) 93.

2) D. Harris, C. Duffil and L. A. Wraight : Inelastic Scattering of Neutrons
in Solids and Ligquids ( TAEA 1963) Vol 1, p. 17L

3) L. A.Wraight, D. Harris and P. Egelstaff : Nucl. Instrum. and Methods 33
(1965) 181.

4) SR CHWE 40 (1971) 1358.

5) L. Bollinger and G. Thomas : Rev. sci. Instrum. 32 (1961) 1044
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TbZn,,Cu, ( X=10, 036 ) O iateE

St FRKIERT mep iy
TR A
B B - R RS AREERE
HIE ™ il 42

B E T ™*Tb (7, 3n)"Th R TIE-7%Tb ®E CHiEEXFIF LT, TbZn,
TbZng.eCuggs FD'Gd DEBMMBES % 7 — 7 BEHAHBEERT Lo TRD 1o FORE
CERHHROMERX ZATH L8V H 5120, SEIRH LR OBMBEREDH &S 7
— r EEAMEBIT L R,

§1. B

TbZn,«xCux R&EBEMLEDOERBIBMET 4s EF G LT LTW5Y 22
BRTW5h, AEOEALRTGA SBRHLAMICOLTDGd D NMR OEEBH bt Gdi
DBHABSIEHEINC 45 BTH &G LT LT e T & 38 B AN oo Ths B2

U LABBMIRGS OB F OWBEDF 2 ) — S EOHBE% S, 100K EDF o 1 —
RMESDCALADHGd OBBMMSOWEC X 223 EE LTI EBF 4B LR 2 B
DEELTHT, 100KUTFO*2Y —fx b 2Cd b aWTiE s EFRBAERT L2205
ns,

AiE ¥ Tk, TbZn (F2 U~ 206K ), TbZnyeCug.ge ( F 2V —£ 856K )
TbZno.seCuoss (FaV—HT48K ) % rETHI L (7, 3n) KIETTE 59T b 0
PGAN DB R A TS 7 — 7 ERAEEER AT - R, B1EOL S SR
LN C DRERIZGA LAY HG A MOBMMBIS O & RECHETE 35, Tb

%1% T_TPACWCJ:-')VC*@?C%&H&Q%&*J')‘“/'\J—?\(Tc)&
ERPREEE— AV M ()

T. (K) w(Cegd* at 77K Hyyp ( kOe) at 77K
TbZn 206 8.0 — 214+ 20
TbZng.eClig.s 85.6 2.3 — 190 + 11
TbZn4.5Clg. 74.8 0 . — 269+305

*  749kOe TOfE



98

{b&¥rh G A OB BRIRGS L, MR, s BFRBEOFENF 2 ) —ROBWWHEE THis
DFETHZ ExBERL T 5o

L L, BEROADLHECTbZn,.eCug.se DBHMIES ( Huyp IWEERBBEKE— 4V
FAVRE LI DI S TIERHICKE Vo CORWIKRED r BRI 2HRBC I 5 b DT
W EBEWR LD, SERMHSBE LIcboroWTr — r BEIAMBEER 21T 10

§ 2. EBAHE
EBROBETHIE E T L AL - s.6d

M ChHD. 8 1 BICART : 1 Tb

158ThH ¢ decay scheme FFdD EC

534keV — 1222keV Hh AT — keV

NEBEZFIHT 5, 4 2045

534

1422
1222
356
262

§ 3. HREEER & L 1511 049NS

3.1 TbZno.eCuo.s 3

Akt E 7 v I vEESPICEH
AL, 7B LK, 550°C
¢ 5 RRIBESE L -3k & 686 °C
T 1 BSRIBESE L o ARHC DT, ,
1222keV — &, 534keV 7 122Gd
— bRV 1511 keV #EL %R

1065
1159

1154
N
&0

288 011 NS
a9 222NS
0

£
,
<
— 199

#F1E Y Tb(37, 5.6day ) WHDECHEBIR LS

RIRAE S LCHRBY A MBI % B " 1G4 o level scheme

Lo '

M ER YR T, KPEHIIKRKA LT least squares fitting %17 2 b D TH o
W6, H)=1+b,cos2(0—40)+bycos4 (§—40) (1)

tan(NA0)=NwBT
TN T oy FHEMREED 7.17kOe 1 TD 7 — &7 JA%H, « 3HEREBOFHHEGTH b K

PNCFREC L - TRD BN T A= Z B 2RITRT .
Hett

40 DFIE 40 120 40 =wpr =—guy % DOBRR, 9, vy OHEE, SRS 7.17

kOe & i\ CGd BALE COMBMBES ( Huyp ) B8 BN %o



99

1.00 iﬁ%\ (a)

5
\s\ .
080} s

%2 szno_64CU0,3GEP156Gd®534

§ —1222keV H Ay — Ko L 585
= B r — r EEBAHERE,
1.00f £ (b) a) 550°CT 5 RERIBERL L - 3Bhic
§§?\% DU TORER,
o0k 0\9\\ b) 686°CT 1 BERIBESL L 7-30kHC
l\%\ ___ DV CORER,
~—% 14 Ol E+, @H ®BH—
0.80} f
910 I |i’>5 I |I80 ‘ 2125
ANGLE (degree)
Ho2E RINTFERLLTROLNIRTA—=Z(TbZng.eaCugss o
BB R E AN 40 by b,
H+ 0.183 +£0.009 | —0.0973+0.0015 0
550 °C H— —0.0286+0.0115 | —0.113 +0.0027 | —0.0055
J6=01000.022
H+ 0.148 +0.057 | —106 +0.011 0
686 °C H— —0.042 £0.028 | —0.079 +0.004 0.011
J6=0095+0.030

550 ‘CTHER L 13Ukl Tld Hpyp =— 106 £ 22 kOe

686 °CTHEES L -3 Tl Hnyp=— 101 £30kOe
CRHOMEIRETIEE CRBLE 1 RPOMEEIKRES RS TED, HiEE TORB TILHE
BHEL T kb DEEZ DRD, FEBMBERETOMELIEZ DAV B, Chbi
ECHREBHBEE LbDEEL BN, 550°CTh 686°CTH AL Hyp % T 0 BEMGITEE
CEHE LD EHEREIND, N TR LNCEBHMES OEIZERPIESE— 2 v b DR
DA L T Do

3.2 TbZn

TbZnoesClgg CPWTERIELER AT foo 7 HESER 630°CT 4.5 Rpfulfedi Lo b
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1.1
1.0

0.9

1.3

1.2}

1.1

(a)

(b)

t ;
7N

i §;y§
90 135 180 225

ANGLE (degree)

DEOWTO 7 — r EBHAMEBET -2 %
3R, (R L 5RNZRED
BREKFPOEKT, Bohi/ T A -
A& 3RILR T,

3K TbZnH'"Gd D 534—1222keV
(a) 356—534keV, (b) h A —F

L BBESk T — r EEAEN,

OH BiH+, @H WH—o

#3% RNSEREBELE - TRDONI/ITA—2 (TbZn o

o= b 5B R 40 b, by
H+ —0.213+0.006 | —0.0802 —0.0049
1222keV H— 0.12240.015 | —0.0861+0.0025 —0.0049
46=0.168+0.011
H+ 0.20140.027 0.108 +0.006 0.0167
534 keV H— —0.110£0.049 0.0882+0.0092 0.0125
46=0.311%£0.076

534 keV — 1222 keV ( gate ) ®F — Z % FAT, TbZng.eCuo.se DB FFRIC Hnyp 2K

HhHE

Higp=— ( 169 11 ) kOe

THbBo ThZni2WTh TbZngeClg.es & AR 1RFDOELDKRELSTHTNT, FESl
LW CIRBHRBERELTWS Z &S, £ LT 630 COBESITEIR L b D &S
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Solvent Extraction of Uranium by Hydroxyoximes

Kenichi Akiba and Takuji Kanno

Research Institute of Mineral Dressing and Metallurgy
Tohoku University, Sendai 980, Japan

§ 1. Introduction
The use of high molecular weight hydroxyoxime reagents has been noted for
the extraction of metals, particularly for copper extraction in hydrometallurgy!
The presence of a small portion of @-hydroxyoxime — LIX 63 acts as a catalyst
which promotes the rate of copper extraction by A-hydroxyoxime — LIX 65 N.
These reagents are probably applicable to the extraction of other metals. The
present paper deals with equilibria in uranium extraction by LIX 65 N and LIX 63

into a number of inert diluents.

§ 2. Experimental

Hydroxyoxime extractants, LIX 65 N ( 2-hydroxy-5-nonylbenzophenone oxime )
and LIX 63 ( 5, 8-diethyl-7-hydroxy-6-dodecanone oxime ) were supplied in their
undiluted form by Henkel Corp. (MN, U.S. A. ), and diluted as required in an
inert diluent.

An aqueous solution containing ®'U as a tracer was shaked with an equal
volume of an extractant solution for more than 2 hrs at 25 °C. The initial concen-
tration of uranium was 10 M for most of experiments. The aqueous pH was
usually controlled with perchloric acid, or 1072 M acetate buffer solutions were
used at pH >4. The ionic strength was kept at 0.1 with sodium perchlorate.
After equilibrium was reached, the r-radio-activities of #’U in both phases were

measured by a well-type scintillation counter.
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§ 3. Results and Discussion

3.1

The distribution ratio ( Dy ) of uranium was determined by varying the con-
centration of LIX 65N ( HL ) and pH. Logarithmic plots of D, against reagent
concentrations at constant pH around 4 were nearly linear, indicating the slopes
of 1.6— 1.8 rather smaller than the expected value of two, as shown in Fig. L

These slopes further decreased as the pH values decreased. as is illustrated for

CCl, in Fig 1.

The analogous log Dy vs. pH plots gave the slopes of 1.‘0—1.5, as is seen

Extraction of Uranium by LIX 65N

in Fig. 2. Thus, it seemed that extraction equilibria consist of the following

reactions -

LIX 65N /

o//A

=) O
S it / ”/ e
o> o
L o/ /
4
Via
4/
g
/°//
a
/
-3 1 1
-3 -2 -1 (o]
log [HL]
Fig. 1. Effect of LIX 65 N concentration
on D,.

O hexane pH=3.90 , ACHCl; pH=4.11,
lccl, pH=4.10, mCCl, pH=3.26.

LIX 65N O/
e
4
/
/A/ / °
;

0

S -1k
o
°

-2 L

2

Fig. 2.

O 0.05M LIX 65N in hexane ,
A 0.2M LIX 65N in CHCl;,

3
PH

Effect of pH on D,.




UO%*+ 2HL ——=UO,L,+ 2H"

UOZ*+HL +Cl0; =—=UO,L - ClO,+H"
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(1)
(2)

It is so difficult to estimate separately the equilibrium constant of these reac-

tions that we obtained for convenience the distribution ratios under certain condi-

tions,

difference in a number of diluents.

0.1M LIX 656N and pH=4.0 These values listed in Table I show small

Table I. Equilibrium data of extraction of uranium

by LIX reagents into several diluents.

log Dy* log Kex
(LIX 65N) (LIX 63)
Hexane 0.34 —1.96
Heptane 0.27 —2.06
Kerosene 0.21 —2.11
Carbontetrachloride —0.06 —2.02
Dichloromethane —0.30 —2.34
Chlorobenzene —0.02 —1.98
Toluene —0.07 —2.28
Chloroform —0.25

* under 0.1M LIX 65N and pH=4.0

3.2 Extraction of Uranium by LIX 63

The effect of LIX 63 ( HR ) on the extraction was shown by plotting the log

D, against log (HR ) at constant pH ; these plots gave the straight line with a

slope equal to 2 for each diluents, as is seen in Fig. 3. The log D, vs. pH plot

was also linear with a slope of 2, showing that the simple 1 :

2 chelate (UO,R,)

was present in the organic phase. Therefore, overall extraction equilibrium can be

presented by equation (3):
UO%*+ 2HR

ex

UO;R,+ 2H"
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LIX 63 LIX 63

log Dy
log Dy
[e]

° [¢]
Or / ol /
o
o
/.Cl / O.IM LIX 63 in hexane

-3 -2 -1 2 3
log[HR] pH
Fig. 3. Effect of LIX 63 concentration Fig. 4. Effect of pH on D,.
on Dy.

O hexane pH=2.95 , @ kerosene pH=
2.92, [JCCl, pH=3.07.

The extraction constants ( K., ) are given in Table I. The mean value was
obtained as log Kex= —2.11£0.14, which is almost independent of the kind of
diluent.

In the case of copper extraction LIX 65N is superior to LIX 63 and the extrac-
tion constants with LIX 65N are much differ with the nature of diluent, e, g., Kex
=0.55 in CH,Cl, to Kex=22 in hexane? On the contrary, the distribution ratio
of uranium with LIX 63 is several thousands times larger than that with LIX 65 N
under comparable conditions irrespetive of the nature of diluent. Thus, it may be
concluded that LIX 63 is a very powerful extractant for uranium extraction.

3.3 Addition Compound

It is well known that the electrical neutral chelates of uranium have a tendency



to form addition compounds. However,
there was no evidence of the forma-
tion of a self-adduct with uncomple-
xed oxime molecules in the present
extraction system of LIX 65N and
LIX 63.

The effect of adding TBP to
LIX reagent solutions on extraction
power was examined as shown in
Fig. 5. No synergic enhancement
in D, was observed in a low con-
centration range of TBP, and then
the D, values decreased with in-

creasing TBP content. This is

probably due to the competitive

log Dy

Fig. 5.
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—0—0—0—
LIX 65N 0—0—,

log [TBP1

Effect of TBP concentration

on Dy.

O 1072 M LIX 65N + TBP in hexane
pH=3.85,

@® 10°M LIX 63+ TBP in hexane
pH=2.38.

Broken lines show D, values with-

out TBP.

reaction between TBP and LIX feagents through hydrogen-bond formation to reduce

the net concentration of extractant.
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LB (As,05 ), ¥10mg 2 ARFRH L ZhE L~ » b & L 30—60 MeV HIERHE T
10— 2085 RS L™As (7, n ) MAs I DAKLA™As #RIMLV—H =& LTHW . K
SHEERIMEE Y, Ge (Li) FEfAMHARE 4096 ch PHA ( NAIG ) ik X h#ER L1,
2.1.2 "AsEEAROBHE

FBE LTcAs,05 & I M—KBELT b ) 7 AKERICHEMBBEPRIL, 10M— EREERH DN
vE VA LeDb 0.1 M—REBKERCE T U CHRE L 7o

2.1.3 "As(VEEIROHR

FBEL7cAs, 05 % I M—KEELT 1+ 7 A KBERICHRSE, 30%BB{LKFEKZMZ, 80
CC 1 RFEInBBAL LTch L RRBRE L, KCHRBKEMAARTCET 58FL 2 BTV
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OWSERNal (TI)HFR Y vFL—v s v hAY VA —THE L THREEERD Ikt
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§ 3. HEBKIUEE

3.1 RESBMORE

AHE AOM—BREE, 1.5M— mr vibd ) Al LTURE DR RIOB B L RIKER,
WL LEDIRE 5 THEED—E Lo foo FlchBEOLREM, RNV Dy v L
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3.2 As(—NaX—H,SO, ROt

~avbkF Y Y AREY 1.2
M& LBBBEAELEELLLED
b (I o hl Bl R A5 1 RIOR S
ralr kA A v ELTaviey
A Y RRWDERBREDN2.0M
T TR DHHELRL, 3.0
ME ETIREEMCHE I T 5
Bewa 4 v, Bt 4 Y O%E
ik, ThZhiiBBEE 3. 5M,

2

3

n

5 6
[HySO,1 / M

7 8 9 10

# 1 Effect of sulphuric acid concentration

on extraction of As(ll) with sodium

ASMAHEL LR INIT LD, 6

halide into benzene. Sodium halide ; a

: jodide ; b : bromide ; c¢ : chloride.

MB L, 8MEETERENEER

(As)=49%x10"°M, (NaX)=12M,

Thi I s shaking time : 2 min.

KECHBBEX AMEL, ~ny
VALF b Y Y ARERELS RIS EOSELD #H
2R RT, avAbRE, 2 vir b Y AREDR
5 x 103 MA 5 0.25M % CHERINC log DAEML,
FOEXIRIFECID 3208 bt EiH
M X570y b AKIRE L& D IEME & —
L, PEEEL TN Ehbh b, kiR IEWH
i, BT R Y ABENOEMADL25MET,
LR ELF ) T ABRENR0.6MMRDL2.4MET
FRFNEBFHOC log DAL, TOMEX 498
Y035 THhbe £HHLDOBA bkt DOfEiTIERh
Hie—FH LT\ 5%,

RYE YD LD EAERBE YA BEO ey
VAt RIS, —ERBBREC RS\ T ffio £ 58
HAsMEEPLTEIRARDEIICES I ENTE D,

As™+nX" 2 AsXn,org (1)
vEO~uy VL As X, OHBER % Kex & BT,

log D

-1

-2

-3

1

-2 -1 0 1
log ([NaX1/M)

# 2K Effect of sodium

halide concentration on
extraction (open symbols)
and back -extraction
(closed symbols)of As(H).
Sodium halide;a:iodide;
b:bromide: ¢ :chloride.
(As() )=4.9%x10"°M, (H,
S0,)=40M, shaking time
I 2min.
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Kex = Tas™ (X" )"

ElshHhb,
logD=nlog ( X7 )+ log Keyx
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(3)

Thodo I logD L log (X ) EDTry hOEELD, Nar VLYFEEOEELIED
N5, IVHREDOVTIE, FOMEEN 3.2 THEE EnbAs], DRHBEREL DN,
BAWR, BB TEIKRERDO T V> )T ABENEMMDL 25ME EhD T
<, Nar At 4V OEBRE N TOREC L - TRESBLTH5EE 250, log
Dxtlog (X7) 7my hOEHENLEERAL T REL LI TERWIDEBbR %,

3.3 As(V)-NaX—H,SO, Ro#ih

e AL RO AREE 1L2ME L, BRI £ZHL S B 1B A ORI £ 3 KICR

100 - -

(80,17 M

% 3K Effect of sulphuric acid concentration on
extraction of As(V)with sodium halide into

benzene Sodium halide ;a : jodide ; b : bromide.

(As(V))=49x10" M, (NaX)=12M, shaking
time : 2 min, '
Lfco 7ok, BWALWITEIL T PV ARE L.6M,
RRARIIE & 8 MIC LS5 A1c b Bt S Ui oo o
AR OV TUIE | NE BT hiEb»s X
SIeEMOBFHELE ST A—DMmB i RE /o
> T bo BALYR TIIBREREREE 23 5 MAFE /> &
HENE LS, 6 MELLETERBMICHIE SN T 5,
KRECBRBBBEER 4 0M& Ly vk MY v A

log D

2k

-l 1 1 I ]
-3 -2 -1 0 1

log (INaxX1/M)

4K Effect of sodium halide
concentration on extraction
(open symbols) and back-
extraction (closed symbols)
of As(V). Sodium halide;
a :iodide ; b : bromide.
(As(V))=4.9%x107°M,
(H; SO, )=4.0M, shaking
time : 2 min.
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AR "Br AL RAL T v+ v O fE 5 FEE

AL, BET
REPE SR - (REERRRK » AR5

A simple and rapid synthetic method developed for '*F -labelled alkyl fluorides
(refs. 1 and 2) was applied to preparation of the analogous 83 Br-labelled organics.
The syntheses were carried out by the use of nucleophilic substitution reactions
with the corresponding iodo-organics, and/or interhalogen exchange reactions with
the corresponding bromo-organics. The syntheses were rapid and efficient to allow

production of usable amounts of the desired compound.
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1% Carrier-free ®Br-labelled alkyl bromides prepared by using

alkyl iodides as the reactant.

Reactant Product Relative yield Pyrolysis &%)
CH,l1 CH,®Br 126 45
C.H;s1 C,H:®¥Br 110 18
n—CzH,1I n—C,;H,®Br 100 19
it —CyH;1I ¢t —CyH; ®¥Br 109 79
n—Cy4Hgl n—C,Hg® Br 98 16
i —C,4H,1 i —C4Hy®Br 26 45
CH,CHCH,I CH,CHCH,®Br 33 67
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4 923% Non-carrier-free ®Br-labelled alkyl bromides prepared by
interhalogen exchange reaction.

Reactant Product Relative yield Pyrolysis %)
C,H;sBr C,H:®Br 30 0
n—CsH,Br n—C,H,%Br 21 0
i —CsH,;Br i —C,H;®Br 91 1
n—C,HyBr n—C4H983Br 50 0
i —C,HoBr 1 —C,Hy®Br 13 4
s—C,Hg¢Br s —C,H®Br 67 45
t —C,HeBr t —C,H,®Br 15 99
CH,Br, CH,Br®Br 14 38
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2.1 EA34F
# 138 Chemical composition of zeolites.

Zeolite Structure Typical unit cell contents Si/Al
A Linde A Nay, ((A102);; (§10;2:,)27H, 0 1
X Near faujasite Nags ( (A103)g5 (S1032106) 264H,0 1.25
Y Faujasite Nage ((A10, )5 (S103136) 2560H,0 2.5
SM Synthetic mordenite Nag.; ((A103)5.7 (S102)39.5) 24H,0 5
NM Natural mordenite Nag ((A10,)5 (Si0;)4) 24H,0 5
CP Clinoptilolite | Ca(Na, KDy C(AI0)s(Si0 s 24H,0 5

YASA PELTREIECR L, AREA I NAR, XHB, Y&, E17F4 b (B
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# 1 X Experimental apparatus for zeolite -~column process.
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%937 Composition of the high -level liquid wastes.

Synthetic waste Synthetic waste
H* 20  (mol/1) Rb 0.0074
Na 0.076 Sr 0.0165
Cr 0.0091 7r 0.069
Fe 0.038 Mo 0.069
Ni 0.0060 Ru 0.034
NO, 2.28 Rh 0.0080
Pd 0.018
Te 0.0068
Cs 0.0371
Ba 0.0207
La 0.127
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LU, FEEMBBOR
EEH ( (HCOOH )/ (HNO;) ) % 0.75 ~ 3.00 ¥ TA{L ¥, RBEHMEEE XKD,
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%8 3 X Break-through property of Sr in various zeolites. ( 0.0165M Sr
(NO3)2,DH5). :

BRI ERERON D L) BB CRBEE LE <, H T 2FRAMEKE LTUIU =T1% & KT
FRbLEWENMED NI Ik, B.T.Cap. DRKEIDOFFIE LTILUTO®EY TH- oo
NaA>»NaX>NaY >TiO, -nH; O >NaCP>NaSM>NaNM>HSM
HEA AV E L TOFBOFELE 4 KR Lice 10°MUT T Sr O HEE & A
EFBIRDONID, 10PMUERETLLEEAT 1 MEENBEEI NS, W

1.0 O/-—-o
. / A/

v .
g\‘\/ 5"‘\/

il Bf Ve /°/°\»
at 7 /

7S

J a/ g/
P S R T = S R T T il WA N NI NN WO S N S
0 100 200 300 400 500
Effluent volume (ml)

1 1 I 1 1 1 1 1 1 L 1 1
0 10 20 30 40 50 60 70 80 S0 100 110

Bed volume ratio

#F 4K Effect of HCOOH conc. on the break-through property of Sr.
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#F 5K Effect of NaNOQO; conc. on the break-through property of Sr.
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%7K Effect of La(NO;); conc. on the break-through property of Sr.
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# 8% Break-through property of Sr in various zeolites.
{ denitrated 13 compo. synth. HLLW. (absence of Cs,
La), pHb5 J.
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Self —diffusion of **Cu in Copper

Shin-ichiro Fujikawa and Ken-ichi Hirano

Department of Materials Science, Faculty of Engineering,

Tohoku University, Sendai 980, Japan

The self-diffusion coefficients in copper were determined by the serial section-
ing method using carrier-free *Cu electroplating and a precision microtome at ‘
twenty-four temperatures in the range between 992 and 1355 K. The linear Arr-
henius relationship rigidly holds in the overall temperature range of the present
work except 1355 K. The reliable values of the frequency factor and the activation
energy of the self-diffusion in copper were determined using the mean value of the
diffusivity at each temperature. The curvature in the Arrhenius plot of the self-

diffusion in copper was discussed.

§ 1. Introduction

Many experimental data of the self-diffusion coefficients in copper were fe—
ported in the past. The problems of the slight curvature of the Arrhenius plot and
the divacancy contribution to the self-diffusion in copper have been often discussed
in combination with the various experimental data. However, the reported tracer
self-diffusion coefficients in copper in the high temperature region are not satisfactory
to analyze the above described problems in detail.

In the present work, the self-diffusion coefficients in copper were investigated
in detail using carrier-free ®’Cu electroplating and a precision microtome at twenty-
four temperatures in the range between 992 and 1355K. The more reliable values
of the frequency factor (D, ) and the activation energy ( @ ) were determined,

1,2)

and the deviation of the low temperature data from the straight line obtained

by extrapolating the our high temperature data to low temperatures was discussed.
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§ 2. Experimental procedure

High-purity copper rods supplied from Hoboken ( main impurity, Ag @ 0.3
ppm, Pb : <0.25ppm, As : <2ppm and Te : 0.1 ppm ) were machined to prepare
specimens in the form of column, 8 mm in diameter and 10 mm in height. To
cause grain growth and decrease the dislocation density, the specimens were an-
nealed in the high-purity He gas (>>99.9999 % ) atmosphere at 1273 K for 1
month and then furnace-cooled. The resultant grain size was about 5 mm. One
face of each specimen was ground carefully with Si carbide paper and electropoli-
shed in an aqueous solution of phosphoric acid.

The carrier-free Cu in a high purity condition was produced by using the
87n ( 7, p ) reaction induced by high-energy bremsstrahlung irradiation. The
chemical separation procedures for carrier-free “Cu and the nuclide identification
have been described elsewhere® % . A thin layer of the isotope was electroplated
on to the electropolished flat surface. Electrolyte was prepared by adding carrier-
free Cu chloride alone to an aqueous solution containing small amount of H;SO,.
Thus, the initial intensity of the r-radiation from each specimen was more than 1
£Ci and the thickness of the plated layer was less than 10 nm. Two specimens
were sealed together in a quartz tube containing about 27 kPa of the high-purity
He gas. The diffusion annealing was carried out in the temperature range between
992 and 1355K. Annealing temperatures were controlled within £0.5 K using
precision temperature controllers with PID function. The specimens were diffused
for sufficiently long time to minimize the influences so-called “ near-surface effect ”
in tracer diffusion and the short-circuit diffusion.

After the diffusion anneal, the cylindrical surface was reduced by a depth
of about 1.5 mm using a precision lathe. The diffusivities were determined by the
serial—sectiqning method using a precision microtome. The chip thickness was
measured by the weight-loss method usihg a microbalance. The activities of the
specimens were counted in a well-type Nal ( T1) scitillation counter in conjunction
with a pulse-height analyser. The decay correction was carried out using the value

of half-life of ¥Cu ( 62.0114h ),
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§ 3. Results
The solution of Fick’ second law for the thin-layer initial condition is
C=const. exp ( —X%/ 4Dt ) (1)
whire C is the specific activity of a section, the center of which is distance X,
from the original surface, D is the diffusivity and # is the annealing time. Accord-
ing to Eq.(1), the penetration plot, log C versus X2, should be linear.

The typical penetration plots obtained in the present work are shown in Fig.

1 and Fig. 2. The linearity over the full range of penetration reveals that no

403x10%s
5.46 x 10°m2.g-1

13, 1 )}
3.82x 10%m2 5" 1323K,851x10% s E

8.35 x 104 s
2.38 x10°m2:

PETTTY A

Specific Activity (Arbitrary Units)

LRBELLL B ALl

1355K

1.31 x107m2-s"! E
1.72 x10%s E

1283 K,8.56 x 10* 5, 2.09 x10°m2.s™

1
30 35 40 45 50 55 60 65
X2 (108 m2)

o
o
3
o
~n
S
N
o

Fig. 1. Log specific activity vs. X2 plots for the diffusion of
Cu in copper in the temperature range between 1253 and
1355 K.

extrinsic diffusion mechanism are contributing. The near-surface effect was not
observed in all annealing temperatures. Diffusivities were determined from the
slope. Correction of the thermal expansion was carried out by multiplying diffusi-

vity by @®, where ¢ =L/ Lys=1+(C104T+1.20x10272)x10°% %, L; and
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Fig. 2. Log specific activity vs. X% plots for the
diffusion of ¥’Cu in copper in the temperature
range between 1013 and 1223 K.

L,; being the height of the specimen at 7 and 273 K, respectively.

Sixty-six values of diffusivities at various temperatures were determined in
such a way. The mean values at each temperatures are listed in Table I, and
were used to obtain the reliable values of D, and Q by the method of least squares.
Fig. 3 shows the temperature dependence of the diffusivities compared with other

works 7> &

The values obtained in the present work are nearly equal to those by
other workers. In the overall temperature range of the present work except 1355K,
the temperature dependence of the diffusivities fits well a single straight line. The

temperature dependence of diffusivities is given by
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Table 1. Diffusivity of “Cu in copper.

Temperature (K) Time ($) D (m? e« s™) th% Te,fllzn_vf_l}l%
1355 1.72 % 10* 7.36 x 1071 7.36 x 10713
1353 3.42 x 10* 6.01 x 10712

9.36 x 10° 5.97 x 107'3

3.42 x 10° 5.85 x 1073 5.94 x 107*°
1343 4.83 x 10* 5.30 x 107'3

4.83 x 10* 5.44 x 10713

3.51 x 10* 5.69 x 10713

4.03 X 104 5.46 x 107° 5.47 x 10713
1323 4.93 x 10* 3.82 x 1073

4.93 X 10* 3.78 x 107'3

8.51 x 10* 3.71 x 10713

8.91 x 10* 3.97 x 10713 3.82 x 1071
1313 1.087 x 10° 3.38 x 1071

1.087 x 105 3.19 x 1073

5.28 x 10* 3.26 x 107

5.28 x 10 3.40 x 10713 3.31 x 10713
1303 9.36 x 10* 2.96 x 10713

9.36 x 10* 2.87 x 10713

5.69 x 10° 3.12 x 10718 2.98 x 1071
1293 8.28 x 10% 2.33 x 1071

8.35 x 10° 2.38 x 10713 2.36 x 10713
1283 8.56 X 10° 2.09 x 10713

8.56 x 10* 2.20 x 1071

1.044 x 10° 2.25 x 10713

1.044 x 10° 1.93 x 1072 2.12 x 107'3
1273 8.75 x 10* 1.80 x 1072

8.75 x 104 1.73 x 107 1.76 x 1073
1253 2.432 x 10° 1.34 x 1071

2.432 x 10° 1.32 x 1072

1.297 x 10° 1.31 x 1072 1.33 x 10712
1233 1.738 x 10° 1.09 x 10712

1. 728 x 10° 8.96 x 107 9.93 x 1071
1223 1.626 x 10° 7.84 x 1071 7.84 x 10714
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The mean value

Temperature (K) Time () D(m-s7') of D(m s )

1213 2.124 x 10° 6.83 x 107

2.124 x 10° 7.00 x 107

2.432 X 10° 6.41 x 1074 6.75 x 107
1193 1.328 x 10° 4.67 x 107

4.320 x 10° 4.78 x 10714

4.320 x 10° 4. 44 x 1071 4.63 x 107
1173 4. 208 x 10° 3.19 x 10™

4.208 X 10° 3.12 x 107 3.16 x 1074
1153 3.456 x 10° 2.19 x 10714

3. 456 x 10° 2.12 x 107 2.15 x 1074
1133 1.2060%x10° 1.62 x 1074

1. 2060% 108 1.52 x 1074

2.268 x 10° 1.68 x 1074 1.61 x 1074
1113 9.245 x 10° 9.40 x 107"

1.0990x10° 1.06 x 107

9.245 x 10° 1.05 x 1074 1.02 x 1074
1093 8.400 x 10° 7.07 x 1071®

8.400 x 10° 6.43 x 107°

1.010 x 10° 6.87 x 107'°

1.010 x 108 6.47 x 1071° 6.71 x 10715
1073 1.1030x10° 4.80 x 107*°

1.1030% 108 4.39 x 1071°

1.0268 %108 4.33 x 1071° 4.51 x 10718
1053 1.209.6><106 2.76 x 1071°

1.2096 x 108 2.66 x 107'°

1.1050%x10° 2.50 x 107*® 2.64 x 1071°
1033 1.3567%x10° 1.74 x 1071

1. 8040105 1.79 x 10718

1.8040%10° 1.80 x 107'® 1.78 x 10718
1013 2.0047x10° 1.15 x 1071°

1. 3588x 108 1.10 x 1071

1.3588x 108 1.06 x 107! ,

2.0047x10° 1.09 x 107* 1.10 x 10715
992 2.0484x10° 6.33 x 107'® 6.33 x 107'¢
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Fig. 3. Temperature dependence of self-diffusion
coefficients in copper of the present work, together
with the other works.

DE=( 8774 ) x 105exp { — ( 2.19 £ 0.005 eV /kT } m2/s. (2)

§ 4. Discussion

The Arrhenius-plot of the present data, togeher with those of Maier!) and
Lam et al?, is shown in Fig. 4. The diffusivities above 666K by Maier nearly
fall on the straight line obtained by extrapolating our high temperature data to low
temperature within the limits of experimental error. It is reported that abnormal
penetration curves often appear owing to surface imperfection''?’ and there is exten-

sive uncertanity in the depth measurement? below 666 K. In addition, the maxi-
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Fig. 4 Temperature dependence of self-diffusion
coefficients in copper over the wide range of
temperatures.

mum error of the diffusivity measurement reaches to 20 % in the Maier’'work and
30 % in the Lam’work below 666 K. The results show that the accurate tracer
self-diffusion measurement in copper below 666 K is extremely difficult to carry
out, even if the single crystal with low dislocation density is used. It thus appears

that the large deviation below 666 K shown in Fig. 4 is not intrinsic. Therefore,
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there is much doubt as to the existence of curvature in the Arrhenius plot of the
self-diffusion in copper.

The activation energy for self-diffusion in copper, @ = ( 2.19 £ 0.005 JeV is
nearly equal to the sum of the monovacancy formation enthalpy ( H% ) and the
monovacancy migration enthalpy in copper ( HY ), when compared with Hfy =
( 1.31 £0.05 )eV by positron annihilation measurement®’ and HM =(0.76 +0.04 )
eV by post-quench vacancy annealing experiment!”. The fact shows that monova-
cancy mechanism is predominant in the self-diffusion in copper. The estimation
consistents with the results of the isotope effect of self-diffusion” and the Arrhenius

plot of vacancy concentration in copper ¥ .

§ 5. Conclusions

(1) The self-diffusion coefficients in copper were determined by the serial-sectioning
method with carrier-free ®Cu in the temperature range 992 and 1355 K. The
frequency factor and the activation energy obtained in the present work is given as
follows @ Do=( 877343 ) x 10772 « s7' and Q= ( 2.19 £ 0.005 DeV.

(2) The diffusivities above 666 K by Maier nearly fall on the straight line obtained
with the values at high temperatures. Thus, the tracer self-diffusion data fit a
single Arrhenius equation in the temperature range 666 and 1353 K. Large devia-
tion of Maier’ data below 666 K from the linear extension may be caused by the

difficulty of accurate measurement of volume self-diffusion coefficients in copper.
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Lo ANV F v — ORI OWTHEBRICHAT 5,

§1. RAEHEA

SSTROMEBM % # | Kicxd, EM LcERA, BEROERROEFEREL, EizH 1
— 1%, B1-28LFET, A4 V) V/ORABKAMI~M8ZREAA L, = v FAE
11.215° T, JAE 15,472m, BRAHOHEE1,9683m THMKEEBESh W5, AHAD
M9, MI0&LEOH LAOMIL, M12, RAERKEZFA—AHFCRmA41.25°, = v FHE
11.59° &7c 5 T bo A4 VY Y7 RAEBKAML ~M8 ROAH NARHERA M9 ~M12
BENRERESERL, &1 A0BRIC L VKT 5, B Y — 2OBEMIE P L ELHEIC
3, BRABEHACENTHLBIE I VICRE LRSS EX bo B 1 — 2R, SHE
WA DM B’=0B/0x, k= |B'/B,| B"=0%B/0x?% g,=|B"l/B,|%TmxrL

ThHH (T TIFRBERAODEDR o

HBE V- -BAsH
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#1—1% SSTR BWA, BEEBE,

E, = 180 MeV
(T u=ccDHEME) * (TPEMED B
HK a (deg) o g / B F I %
fmth (mrad) (m) (em) (cm) (@) (AT A (V)
M1~8 * 243 150
(DC) 45.0 0.80 5.0 62.83 0.750 29830 1y g AUX 16
M 9~12 : * 285 80
(pcy 4125 0.70 5.0 50.4 0.857 34089 1o AUX 16
SMIT 56 1.541 1.5 42.0 0.390 4653 776 2.9
(DC) . ) ) ) ) )
SME
) ) . 7.5 0.39 65 7 2.9
(DC) 14.10 1.525 15 3 391 46 778
S M 2.58 Ip Vp 14.0
. . 4. 1
(IF%)  (45.0) 533 L5 24.0 0113 1480 1480 ) 6 3x107H
ME 1 2.41
(DC) (42.08) 5703 1.5 24.0 0.104 1241 414 2.5
ME 2 2.41
(DC) (42.08) 5703 1.5 24.0 0.104 1241 414 2.5
KM 1 1.15 Ip Vp 40.0kV
. 10.0 3.2 0.0 0.0600 1530 1600 L=1.18x10"°H®
B (20.0) 2 30 U600 LIS
Vp 40.0 kV
KM 2 L6 geg 32 20.0 0.0607 1548 ‘P1600 L=1.18x10°H
GBRBO (202 250 AT
SEE 0.74 E=kV/cm
(DC)  (12.9) 35.0 1.3 45.0 514 66.8kV
STC 1960 11 2.0
H1—2%F% SSTR & B A & ¥ %,
EFe = 180 MeV
(&£ Tn=coDFtEE) * ZHEMBEMLL
g R B’ Bo kY / F I v
mt (cm) (T/m) (T) (m™?) (ecm) (AT/P) (A)D V)
Q1l, 6 .
’ . . ) 5. 19. * 95,
(DS) 55  3.00 0.165 02 4 3609 25.2 15
Q2~5
. 5. 0.171 9.49 10.1 * 19,
D) 3.0 71 1 0 2044 19.6 6
F Q 0.574
(pcy 100 0345 0.0345 oo o ongs) 20.0 1372 30 7.3
P Q Ip Vp 1100
CED 8.25 1.64 0.1354 2.73 20.0 4683 2660 , 610 H
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e R B” B, gs / F I 1%
w4 Cecm) (T/®) (T (m™) (em) (AT/P) (A) (v)
PHMD
(DC) 825 361  0.123 6.0 20 2691 60 9.0
PHMP Vp=550V
G350 825 361 0.123 6.0 20 2691 3090 L= 118 10-°H
PHMR 1.21 Vmax =200V

5 8. 7. 0. 0 7
RN 25 25 0247(PHMP@20%) 20 54 270 L=4.7(2><91%Y5)H
H M 1.21
(DC)H 10.0 7.25 0.0363 ( PHMP?20%) 20 963 30 5.7

l/_\\
( .-L.) LDM
\\qw’
M1
» SMI WBaz o
SM
M2 45
KM1 M8
PHMDC
4 vy PHMPC 3412
Q1
PHMRC
KM2 \ ME2 ‘ Fo Qo
o
PQ
M4 Q20
HM -l M6 Q1Qs M1 —==
—ES_Qw .
M5
M1~M12 ; B ERA PHMPC, PHMRC ; /S ARBERA
KMI~KM2 - ; ¥v h—BHEA Ql1~6, 19,20  UBERA :
PQ ; 23V A VURR BRGA SMI, SM s NS 7 24 A EA
FQ ; BRIUMRE KA ME 1.2, SME s I LUEY 72 ABRA
HM, PHMDC ; B A~BERKA SEE s BEE T LAER

F1K SSTR #

B Ko
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§ 2. EEAROEHAKRVER
B2k HERFTHEMTLERAKRVER,

% SMI  SMEG@BH21VED) ME SM KM SEE

(BE) (1) (1) (2) (1 (2)
% ® 6 6 (2) 3 1 1

E& (mm) 6 6 (2) 6 (0.5) 2 0.2)

A= SUS. A1,
T — 7 S10C#  S10C#k S10CEk 7294k 72940 Cugv/A
" FvL=7
BHKE W

| /min 15~20 15~20 3 A 1.5 0.2

*(C OE, 74KV TOES,

HZEAFOBRRAROERITE 2 RRT
L O T2 LERHACSMI, SME, ME X 24,

SM) 5, 3 h—BREE (KM) 24, Bl 7%
LEW(SEE) 15D 8 BTH 5,

KM% < SMI, SME, ME, SMiZ &%,
SEERAEAERF+ VA -DANLEZD
HOHRD e

ME 1, ME 2 0 2 B3 EFIERE L, 1 BOER r— i i
THIRET %o ME 1, ME 2 [T\ FEB) 2 1 v hive *(ﬁ:ts = ‘3|
WO THIRO/NUE IR & A LS L f%?t——-—
BREZEZLHIBRLLOBE YA L T 5,

BELT 2 L0 YE 2 KR d, & \_/
BITIZ30e DAV I AT/ V=0 LB HER L G f
GHENI B A AT ) v /I VOB - —
PNBRRIC LT H D, FoX BELT X L2EBEEEN

L=y ngy
AT V30u

/L -

{+ 0

I

\+
Il+l|

90

§3. /NILREBHA

SR AEERAE, 72 ABRASM, ¥ —ERA KMIL,2, UERERAPQ, &
BREF PHMPC, PHMRC® 6 BTH %,

EROAVATT Xy bOR, X7 OWERMBMIBEL 72 5 PHMP C & BRIV OB
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HKM 1,2 &2WTEBT %,

PHMPC (&, ASHRRIC P ISR ER 0 3 8 DR L R (EEURERINE 200 #sec, #OE L
300 pps )T, LS KEREAWMTELDOMA, 73 v /X7 b RERTATETH D
MDA CRIBEE 7o 0, B2 TR X 650mm, PIEE 140.59, 481609, B 0.151, v v FH
fR 10.5mm D SUS “u—22 b #MT~M8MICFEM L1, &7 b OREMEEL, RRAET
2900 A, 300 pps EERORE, K—nE—ARMN S - & BB LDV 130CHATH oo Ol
I HBE N B A T2t o o5, X7 FAOBBIC S ORE D Do

RIZF v Hh—BREABERICOWTHBAT S, BEOMRAE IR, 7o v I XA T 77 A
ZEE 3 IR, 80KV EEEIRER & /v ABFEM A Bl 4« DEFRICIE D, BERERE VALK
FWEICIE 20D 2V — 7L 30mu PEN & L TR L7c, NEMRBMOD & ERAKM (HZE
O, BRA KM &4 3 —38H1 DL(5002 % 234, W5, ) Hicd 20D2V Iy —7 %
FERALTV50 20D 2 V47 —7 AAGEEEANT O %58 4 RiKRd,

#3k *oh-BEAERDHE,
BRIIZEBEESOKV, YV —K7xuaT7HRDOIT1 V&1 T

C #)
- WA AER 500 ~ 1600 A
W v AEE 125KV~ 40KV ({EL, AT 25 2 D)
BffA v E—=Z VA 259
SRIVABEDIRLE 50~300 pps
I IPAVIN I
AR R VA 200 nSec
AV Syl Y =i 130nSec
200 nSec
K.l lll' A [y
KZIIII B“\‘\
1 e,
/ \
=
130nSéc
K1, K2W/ v ADRFEZE t; t; =20+ 5nSec
K1, K2&ENANWADY v & — + 2.5nSec AT

/v ASETF O ER o M | A—B | =< 5nSec
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. ¥y h—BEIToY IXATT T A

80KV  5rr—{MODULA- — DUMMY y
DC,PS [2002V | 10R LOAD K.
30m 7m 3m
THYRATRON
CX 1171
2. & £ i

100nSec/div

3% B #*

) D.L K.M | 200nSec | 130n
MOD

1AM~

100 nSec/div ‘ 100 nSec/div

HBIN *Fy W-FBEIT v v I X177 5 LRUBEERE,



COMT08) LM YVEHEH ~ (< RV H

gl

d NNANNANN NN NN
5 — , . : ©0
= J T AP AN NNANNNNNNNY
T - S |
~
< gy T 06 Tg o€
sg SALT (1 0
sSNns
L
| S61 lglol
Uy B B B ) A e
L]
961 [elglor o e
I . B L
n AN e &
L =3 = = RJE
L J
_ ‘— or “ —lﬁ%?ﬁs.ﬂ. {—
S RS LT T e I\MM_WII:
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LY, *oy h-—BHABEREIF Y W -BERAKMOBICK I —0— FaEEk L, CO%HE
WX KM & PEN @#hy — 7 VO v E—F VA< o F Vv I BMAENTETHEIN2 (3K
B3 ORI BIRKED L 58 bhieh 570 % 2 CKM & DL O % L DL K3 v 5
VI = WINCATINT A L DB IX 3 (HEH ) OB RE Y OREREY 4B 5%H
DR,

PEN & L TR — 72 (20D2V) #EALTW 50 TERIZEWV A, 30mE £ by
—TNWIN /A RERET D, /A XORELRS > HBEAPFTH B,

§4, E—LE=H—

BT - 20MBEOHEIX MgO BOBHMMEE =% — (F5K, BM1~9) Kk - Th
ENbo ZOMEBEE=Z—IHBEELLOERRECTEH»TELER, MBE=2—Lor—
LDONEIFTREC A SR AERAOMB LA T 5, NE5NFO VW ORI T, BFL

IP=501 x9

&’L_, GV
T™P
2004

= pp— gy

6750

/5K  SSTREZREBN,

—ADMRAERA TEF ONIRCRET LY V7 v b o VEEDE(SR) #BEI4 5EhH K5,
BAEIM2 ORFET VENA TRV SRBEE=2—-( 7+ b X4 F—F)DBRBEINT
Who ZOSREEE=Z - L VAETLES - L0BEORRBEILRIET A2ENHEFE
5L, AHE —20BEEPROM LORFEZMAENHKSL, XIMHH L € — A DTHE DR}
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BT IAF v I vFLU—% —, PHERI LDM #HD —REFE=2—-(SEM)T
HE LT 5o

§5 2 £ R
SSTR&MADEZRERRLE 4 MicRT, RNOEZENL, (VFEH ©— L OWEHE
BTEHE, (QBEEPTEHEELYHATSKM, SEEAKE L F, QET V=T v 7AKI
BB 2 WESREREL, 1x10 ° Torr LA FiC fe ARRICRHRET Lo
) v OEZEHOBERIL, A TOBMEIS)Da VLI EZV A CUem/s), 3 TD
BX [(cm), AR 4 ) O A A% g(Torre1/seemdE LT, S(1/sec) DA v 7 THE

KT 5o
FEI5H 2R HERFTER
&P_ a9
dx? C
BR&EHEELT
dP -
H—O’ at =0
& LT
_ax! _
P= S Cat x=1)
: _—4 R S
LP(x)= 5O %24+ q Z(S + 2C
Sox=0 TOEMN

1 /
P(0)=4Xl(—s—+-§6—

L1 bo :@?r%iaf%vdﬂﬁh’ié‘é%:@ﬁkﬁ%w%mfctvo SSTR ik, MEES R & LT
TMP 3& (1201/s, 2201/s, 4501/s) L EZefsEMAL LTIP 8/ (50 1/s) ZEH LT,
A S EER OB PEREEIT BEEER O T

IP ; 5015 381 (1HHD)X8H
TMP ; 450 1/s 240 1/s
TMP ; 220 1/s 90 1/s
TMP ; 1201/s 67 1/s

L DBEROBERE IR T00 I/s L5 5o
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SUS, Al, Cu
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HEITERA, BRAADLELT v VA \—Da VR Z YV ARETUR
A7 hDAVET RV AHIER /N EINOT, RAXZ bOPOLTERERYDEEL TEHE L1
Bzeh CE AT AERA, BEOMBNO2EXER Y AL, HAKKEY

Fe, 794k, £73v7

TAFY, SRV

1%107° Torre1/s*cm?

1 x1078 Torre1/s*cm?

1 x107" Torre1/s*cm?

ERELT, &F + VA A-FlOoBHAABYRAEL, HaRCE LD,

AR HAEFE, A< S Xy MRORHEE « B LB T ABRE,

2 A AE

® M (em®) (Torre1/s)

%) = B2 SM SEE & Et EEHEER

suUsS 3.7 x10*  9.4x10® 3.1x10* 7.74x10* 3.87x107°

Al 7.7x10% 7.7x10% 7.7x1077

Cu 1.1 x10° 5.3x10%® 6.4x10® 6.4x1077

FEE RSN M 2.7 x 102 2.7x10% 2.7x1077

~ TxIA b 8.2 x 102 8.2x10% 82x1077

o tIIv7 3.7x10% 1.1x10% 4.8x10% 48x107"

> Az EFOR 3.1 x 102 3.1 x 102 1.55%x107°

AN 2.7 x 102 2.7 x10% 1.35x107%
RYTATV/ V= A 2.5 X102 2.5 X 10°?

2755 ; 385.51 9.39% 10* 3.59%107°

” ME, & F REBEEER

SUS 2.6 x 10* 5.5 x 10° 3.15x10* 1.58%x10°¢

Ni A v ¥ 1.2 x 10° 1.2 x10° 1.2x 1077

» Cu 7.2 x 102 7.2 x10%2 7.2 x 1078

S HGAT—7 2.1 x 103 2.1 X103 2.1 x10°®

LAY (N 2.0 x 102 2.0 X 102 1.0 x 107°

2558 5 225.5 1 3.52x10% 1.39x107°

” SME & EESHBER
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FAER WHE,

2 B AR
# OB (em’) (Torre1/s)
773 " HZ25 ME, K, & Fr R
sUS 2.3%x10* 6.6x10° 2.96x10* 1.48x107°¢
Ni A oF 4.2 x 10° 4.2 x10% 4.2 x 1077
S10U. 5.8 x 102 5.8 x 102 5.8 % 1077

©
v  Cu 3.5 x 10° 3.5 x10° 35x1077
S HIAT—T 1.7 x 10 1.7 x10* 1.7 x107°
N RV 2.1 x 102 2.1 X 102 1.05%x107°
5% 5 18151 5.51x10* 3.03x107°
SUS 3.4x10* 55x%x10% 1.2x10* 515x10* 2.58x10°°
Ni A v 1.2 x 108 1L.2x10° 1.2x 1077
Cu 7.2 x 102 4.5 x 10% 5.22x10® 5.22%x1077
751 b 3.4x10%° 3.4x10° 3.4x10°°
3 IS 4.5 %102 4.5x 102 4.5x 1077
o HIAT=T 2.1 x 103 2.1x10°  21x107°
o h e TEFY 1.6 X 10% 1.6 x 10® 1.6 x 1075
HIALEFUR 8.3 x10% 83x10% 4.15x107°
A 2.7 X 102 2.7x 102 1.35%x107°
2758 ; 355.51 6.66x10* 8.02x107°
” SMI K, & & REFRIPER
SuUs 4.0 x 10* 55 x10% 1.2x10* 575%x10% 2.88x107°
Ni A vF 4.3 x 103 4.3 % 10%  4.3%x 1077
Cu 2.7x10% 4.5x10° 7.2x10% 7.2x1077
S10C 6.2 x 102 6.2 x 102 6.2x 1077
751 b 3.4x10% 3.4x10% 3.4x10°°
© £FIyl 4.5 x 10> 4.5x10% 4.5x1077
S AAT—7 1.5 x 10* 1.5 x10* 1.5x 1078
< HITEF 1.6 X 10® 1.6x10° 1.6x107°
HIAZTEFVIR 8.3 x 102 83x10%2 4.15%x107°
AL hY 2.9 x10% 1.45%x10°%
L5 ; 441.5 1 9.12x10* 9.6 x 107°




AAVIYIORAME T FEREZETF v V=D T
TYOART v MR, B A -V RERLT
VAT Uy AREML, BEF v v -0 LE
/IS b OV VT RER L,

AL TR THOBKIL, BHTMP O L% FH
L, BEZhoBEHRA, BEROEEXD L EREET
BAAEREEE, BRENDHATR I -ThD
N ERIE L LT,

PR 1ADERT2HIFBHISE TR, RHD
FEJIH 1 x1078 Torr (BAY — U THE) FE LT
HHRE)SE T, TR L THE 5 7 Bk LB
i, ©—a%EELTWARFT, 1.9 X107° Torr
DENHB TS, &RDBTEH L, FEHRA, B
T ERE 0 EER LT B ORINERE T A TR R
w6 BICR T,

PRIVAE—h e ANy F v —DBRICYKD, &
IR NF —YRFHEOEESRES, ARt

155

N2,CO

P=3x 10_5Torr

H20

02

=z

L

% 18 32 40 44

BOX BENAGIRR.
LRMALTRIC, & Hk
A1 & TR AR I 2 2
FelRF DRPIFREE A5 HT A

VA%

CO2

HER R, IABRERBTF, EHAE—REMRROT ~ CEE SRMERL OISR DR
ZF LSERE RS L+, X, ZEBRMPRIETT, —ZERREIERIFRT, =28E
BBUEFT D% < OB «DW N H B TRB I HFNHERFCH L TRCEHHL 7,
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150MeV EFvze—2 e 2L wF+—(SSTR)
FH BB R4 A 7e 35 1 A2 (1)

B BB
HHEA « S8 M EER— K{LEH
RERIERS « ILHFID « BIRAE

§1. B LUSIC
19804 5 ALK, 150MeVET/SWVAE—A s ANV o F v —HOBERAD > HbAKHTE

F &N 52 ERERG OBBRIE 21T > TRico BRI, BRADNERBE A S NIRRT
b, Br280RABRAC VLT, TOMEKRBICAE VT v TOMLAThiI,
RAERACET A HEERIITTCHEEIN TV LY 22T, 3EOUBRERARY 2E
DABEHA IOV TOREHBRIC OV THRE T 5, WELALFERIKRDO IR TH S,
OxFRFE _E OB

@R OVIRB RS % folEASBEST O BARED b DT H,

@il B B3 5 BSOS F 123 BBUY D5 i,

§ 2. EBEIADEHS
VU BRAICIY, /SWAE =LA« ARLyF v —DA

> <

SRUOBMOH LA —4714 VEREBEIN TV 5Q, Qs
BUOQ~Qs &V VIKREINTWAFQASH S, FQ
ik, Vv Zox=2tn vYBREROERATH L. #
| iU ERA OBMRE OIR 2R Uico ANEERA
iE, VYT RFERBEIN T 5 PHM. DCRUHMBE® r

POLE PIECE

~~

%o BF ¥ — 43, PHM. DC ORBEREBIC & H B4 6 ! >X

BILTY v/hbROHEINE, HMIZY v 7ok  H1K M@%W?®m@@
N . BRUE OWTE D 5§ %R0 Bl
WBOMEHDBERATD b0 2 NI SNBEMRA DR FOBRILKECE L Hh o

r=a (sin 20)°%

TBE V=Rt
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BEDOHRE TR LT, 81 REINLOBEBADHEBK LR L1,

™\ POLE PIECE

& | —>X

B2 REERAD ORI
BEBEOMRIZKRTEZ D
hso

r=a (sin 30)°%

§3. ARAERVHER

31 RERRE

WHSHMOPEIT A —VFETF (F2
X 2 mm?) #REBRERTI O 1T
fTo1d A= NBRFOBIECE, 7a
b VY BRERIREFIR U iR ilE 2
FRWTT o 1co £, BIEMEEMN
WHOHFEIH L TR THE 2 &%
WD, Zhid, UBRERAORS %
HET 2D BLELRETH S, B
EREREYE IRRT,

Blk EHOOHRK,

. FOR(2e) £ K a1 vEK
el
REAS (mm) (mm) (turn/pole)
Q. Q 110 145 142
Q ~ Qs 60 70 106
FQ 200 120 50
PHM. DC 135 165 51
HM 200 120 36
k]
o
P
P
—8000 ¢
&
] 4
g &
- &
2 |-6000 o
(, .
Ja
&
4,000 & o POSITIVE
& e NEGATIVE
&
F
L2000 o
.d' 10 20 30
o 1

] L
NMR FREQUENCY (MHZ)

HFIN K- /LBEL NMR BEROBIE
= WEERRAE TR L. REoMEs
R LTRHETHSL Z EDbh b,
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3.2 XHFELOBSSH
B, ERAE oL T E UK

L 28 CO H R O (Z)
D FRE RO TERIRIC AT T i () FQ
5 4RI E ORRB b -SRI 0" - R
BERT, RITZR— v — 20 3l ]
BYR Lo ETRAMEATOR T b
Bl KRS TRBLL, Tl i )
1% Z &7 my b Lico MDA,B i ]
TR SN AEIC BT B X T OB o, .
0 1 40 Z(MM)
B fine 5 BRIR LT B
7 1 (d)PHM.DC
x[ T ] ol T T N——/
NN
[ ] wof :
ok i oL I I ]
: 1 ﬁ :
-50+ . o 1
o 1T 20 T 30 40 Z(MM) 10 20 T 30 40 Z(MM)
B A B A
(b)Q3l T l3 i l(e)I-l’Ml
50| . sof o ) .
3l ] z[ ]
1 1o -
i ] i ]
-sof ] -sof i
' 1l0 3|0 Z‘(MM) I 1|0 Z(IMM)

BAR BRLAOBSD A
(a) Q, (b) Qs, (c) FQ, (d) PHM. DC, (e) HM



| B(GAUSS)
L] . A T
. 41000
o o Bo * . T
© o 2 4 XCM)
T _Is T _4 T -12 T 2 s ; ; ; L
1 3 o o
+-1000 * .
(a)Q1 T )
1
JA B(GAUSS)
* +2000
. B, . 41000
Lo T2 4 xem
s » —+— —————+
- L] o
+-1000 » °o o
(b)Q3 . .
+-2000 .
L]
B(GAUSS)
. A 4400
0..
B .. 4200
© 0 o o o ° ®
. ceo s, 2 4 X(CM)
SR S T A R
LER ©00 0o
'4-200 .,
L]
L]
(c)FQ 1-400 ‘e
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(d)PHM.DC | B(GAUSS)

L ] L]
[ ] A L]
* +1000 *

L] L]

. 1500 .

L] L]

%o, o . ° °o°°°

° o0, ®e .® °o°°°

1 1 1 1 1 1°%084a, a239°9°%) 44y

-8 -6 -4 -2 2 4 6 X(CM)
(e)HM B(GAUSS)

. 1400 .
L] ..
. *

L] - [ ]
L] L]
.. ..
. +200 .
.. o ..
L] [
000000000 0'. ..' 000000000
000000 o .o °o°°°°
Lp bt 1°99088m0a Jaes88009°7 ) 4y g gy

HSN BERAOBBI M (AXBR)
(a) Qi (b) Q;, (c) FQ, (d) PHM.DC, (e) HM

1
5

X(CM)
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3.3 MBOmMBEIABEERSOBRRENDOTH
BRVE OXFPE EORSE B(x, 2) 1%, POMMETRO LS KEMSN 50

B(x,2)=B(0,2)+x- —-—B(O Z)+?WB(O Z ) e (1)

- et BRI bERER, THE, W, AERG LIRS, B IR
RO 2 FD B E T, %10, B AEERE TR 3RO L L B
feBo LiehioT, G(x,2)= 2 B(x,2) HEBOMBAHORBGS 0T hERDT.
556 BICHE 4 KGR LB 505 G(x,2) OfERR LT,

G(GAUSS/MM) (d) PHM.DC G(GAUSS/MM)
(@at 130
+25
. . . . . . . y [ . . . . ° .o...
10 oe*
115 8 64 .‘?0” 280909°9°0°7°%°%0,
°°°oooooooo°°°° 2 4 6 X(CM)
Lot 0
B‘3 o ° e __5° e ° "0.0".
o ° ° . +-30
1 1 1 1 1 1 1 1 1 i 1 1 1 1

6 -4 -2 0 2 4 XCM

(b)a3 G(GAUSS/MM) (e)HM G(GAUSS/MM)
160 lg
A - T ¢ . “z . - .
40 10 _5 02" poc00000000, ’
. Vot —~+— 'H"'f‘f—'—s-ﬁfo ) -‘5—?—?—’—!—‘—*—*—%"
+ . °°°0°ooooo°°°°..o‘ 5 X(CM)
. + 20° . ...o.‘ +-2
"8 ° ° ’ " 1-6
Q ? e 1 1 i 1 1 1 L] (l’ o
-4 -2 0 2 4 X(CM)
(c)FQ G(GAUSS/MM)
+4
L . %66 A RSO
..‘. ."Oo“o.o". ..o. (a)Qly(b)Qg,(C)FQ,
: (d) PHM.DC (e) HM
12 ’
e ° 1 1 1 1 1 1 1 1 1 oi

-6 -4 -2 2 2 X(CM)
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3.4 rlEhbCHIFDEBES X 2 XRERS

DU R B R O RS O PURBR o B O AR TR R D B0 7SR B4y il 518 O 43 A 4 2 7 I 7R
Lfco &SRS ITRBED OANTAB L TR 0h B T4, BRAZRLIETO
BB EEGES AR LB RO NIE o 2L, UBREBRAKBEL TR, &
BT A AT 0GR UOBEL R D 5 fodic, BREADEDHEROEDRIEARERD 5 &
EDRIRETH HY LT 2O AR5, T3, EEOMBAR G (0, 2) # AW T—KE
Lo E B K

2
| o(caussim (@a1 H(GAUSS/CM ) (d) PHM.DC
15
10
L5
POLE PIECE
o 20 0 30 | 40 zZ(MMm) T | 20 | 30 | Z(MM)
G(GAUSS/MM) N
L 60 (b)03 H(GAUSS/CM ) (e)HM
b ’ —G
L 40 i
L4
120 -,
- POLE PIE CE POLE PIECE
" 20 30 z(MM) T 20 | 30 | 40 Z(MM)
G(GAUSS/MM) (©)Fa
L4
FTHR (a) QREBOIURES, (b) QB
LBoMUBE S, (c) FQ BB DO IYRR
B4, (d) PHM.DC RSB D SHREL
4, (e HMBEB DSBS
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d®x 2 _
iz 5+ k¥ (2)x=

k?*(2)=G(0,2)/B,
B, : Magnetic Rigidity
RS o K (2) DT BT

x(2)=C(z,2,)2(2,)+S (2, 2¢) ¥'(2,), xz%—— (3)
LEBF D, 22 TCGE ) RUS(Z, 2) IR RQDOBEST B (2, D IKFTLETH D, 2T

B«zj{ ] [ )]

_ cos k/ —1—sm kl
—ksink/ cos kl

22=(z2—2,)—1
Litcd R RO HRDE, | REDR,
g=Fk+ B, NEPBARL 72 5o Qs LU Qs
OWTOEE () E WL 2D B ik2W»
TROIAERLE SR Lo RHBGA
i (g) & BRE O+ REI B RS AED
(gm) & DD B KA 9 RICR L 1o
Q, KBALTIE, | RO g ® B, KERHK
X CEBOBEHECITELTHL L
Bbhhbd, —7, QPWTIE, /1, g kI
B, ~DEF I THNE DT OHEIC
BohbDBIERTHLI LM T,

AR DD, SR BREBRE %5
TERAF —BHEF LRI L TV E, B
2R OISR 2 BB BUE L THEM Lico
 OROEE I B 1o = K V¥ —BHFERT
B DO T« I L £ Elo, BWRA
DBUYEI BT - =B IR OFER
CREHELET,
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20

G

L(CM)
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sty Jafotvas-S S
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o DEFOCUSING
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02 Q4 06
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L e T T e-slphfelel SRt

BRNE
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& % X K

D FHHEALM IS 14 (1981) 107,
2) K.G. Steffen : ”“High Energy Beam Optics”, John Wiley & Sons (1965)
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150MeV & F vzrE—A e 2Ly F+—(SSTR)

@ il 18 %
¥ O
REEIER » S5 HE - 58 UK
, EILEB « & REE
§1. FLULBHIIC

BEBONRLAE =5+ ALy F+— (SSTR) L, FEEI12H IFERICKTI L TEK,
44 3 B ¥ TEWERBR TN, T, HIERIILELE L o/ SV ABRNPDLD /4 XD
B3 ALRETE, BITIEFRCEHEL TEX e, & 2T, SHR2EOHEC OV TH
E9 5,

§2 # 5%
HERCITHER 2 v €2 — 2 2RO LeH LOBOBIEAR AR D Al ThiZko
BRBRIOTHD, ORBEBI T T 7 4 v I T4 ATV 4 RZ v F/ARXNE[MED ZLiRLD,
EEFEORMC G Tay Y — i

ELRT VLD HET L LNEHT MELCOM-70

bhHo @ifEs 7T — XDk, REDVES

-70/25

Thh, QERLIEET — 2 2Lhb BN ER
%d i LT HE L cflife En b, 35  CONTROL DESK i
CAMAC
. ) GRAPHIC
A= R BEREL Ly hTE D, O I Ay S— —
22 L SSTR MIKERT A7 — T L%/ TOUCH PANEL (/7*_—> .
F1RKCRTRe, SIEREHEsEe ' N
; CONTROL ROOM \
EALHEM VY. -2 LHEHE, D 2nd EXP._ROOM .
MEAESIVE-—T2—ALLTOD LOCAL CONTROL cAMAC Y
CAMAC, ZhicH 2 ERECEVTHE POWER SUPPLY ¢ sce
e &£ & ot hi % CAMAC <% B 4 a VACUUM PUMP (_4/_;
BEAM MONITOR L2

BT S h D v — h LIRS DR

BREE OEECEZIE N AT EBICRR BIR H#H R OB R
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LZRbh, HEELDT 4 AT Vvl RFRREND, S, ANV - AKX HBHRADERR
ER -7 07 >4 WVEBRIT OO E—LE=8 (X737 OFEDRET, 4
HELEDR y F %, Ty vaREAYpba Ve -2 %RBALTHEINS,

21 AVEaA—-FYRFA

HEAD2 v ¥ e — 2 IIMELCOM—70 (M—70) & MELCOM—70/25 ( M—70/25) ® 2
BTHH, COVATLE) =T v 7 OBEERZT 5 1o ICS0E~BMECEA LI b DT,
SGETRT—Ea X v IIRHBEO T A M EfE > T e S EE 2 i SSTR DI
/e CAMACBIFROBER 2HT Ic il Ix foo M—T0/25 87 7 VF KI5 4 3=, T v Fon
A924, ZATA, Jv—bavyba—=5%ML T V= bEDAN-TWT, EEEKT —
2 DS CHIBE D 128 O 4 DR K Te & ORk T imd TR T HHEFHAFT > QDo M—T01EM —
70 /25 LFEEEBEXN LTHIENR, M=T70/ 2550655 TL 2BET—207) v MR
TAARINDT 7 AN, TalJL0ELEET-TW5,

HHAEL B 2EBRET 150m (7 =T VRIBER TN 5, ZOBDT — 2 2R4HDERR 1T
CAMACD Y U 7oA 2 A BB LI, ZOFRIREHED T — 2ERIK < FbhTu
T, " MBRNTONRN T4 F 290 ERA 9= VEBMNTOIY NYLF v JE DEXED
EEEIE, /A XFEOS VBRI ETOFHICE LT 5%,

IMEy b/ BDEy by )TV OREE L EREOME X R T 5 10DIC, FREERICIZELA
—A22% WHEHL L 1= T4 Y K IAN
— R, FRAE WIS
BAETA Y v—42%F 1,

2.2 H@E
HEEORT R E 2 KR T,
FEERRO RIS 77 4 v 7
Ta4AT Vg, WHE=2RA v
RrAI-7, FTRIILE v F/3%
w, TyvakREv, M) HEE
DEAIVIHRETLEL Y
EBRBD, FOEAERIITE

B2 HEZEH5 SSTR HE=,

* ETA (Electronic Industries Association ) ED-TF — X BEROEIES VR — T 2
— 2Bk
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CAECARBRITLE=ZTULE, TR 57490 T4 ATV 1 BT 5F -4 —
N, BErd@Eficiy) =7 v 7 OBERELARTT « 2 7V 1 BEMLNRTL D,

BREOBRMES ) VI NORZERET],

E—aE= OB & OFBRICHELT — 2137 7

T4 9 IT 4 ATV 4 RFRT Do TO—HlE LTE—L% Y VIAAST HRFOBEHRZH 3

@Kiﬁo?4fo4K@7774y7%%@§nfv5ﬂ—7fy:yzl—a%ﬁof
Whe ZhECAMACOBEEBAEY 2 — &2 E, M—T70/25 b LIXEEONEICIG L

TUHERTF— 2RI REXEL TS DY, ThiT« A7V TR LT, BEE 28 TT

Whe T4 ATV 4 BITOMIER BASICEEZF\, 1 VA—TYRTTFANL, BRI
B2 v 5B S TEIHRCER LT Do COHRIE OM—T0 / 2500 GHME L

CERTE, BEOFROLEEC HH
Bt TE %o

By FoRFAL, HIEE D ER
DEFIRE 1EEICIEELRRRI N,
RDASH HEU L ¥ CEEFIRIC

R-oTIN—VGTHRELTHL, £,

FRU—2RERLTHL BROF D
SHLERHIEET O — V% ERT 5,
BARTE — s ABREOR—-T%RL,
CDEET T T4 9l T4 ATV 4 I
2 3R OEE AFRRIN D, Bic, A
V=R3 Ry FARNVKERENIE
BOFRLLEESZERL, 7y vaf
2V BRBIET D, TOBREMDS D
STWABERIE, 77749754
ATV RHBLTHAF—HR—Fh
LEEX AL, BRPE—LE=Z
OAEHHET 5,

By FRRNVIFIMRDORE L A A
—N&ETrhbIvorZOMBRED
BR2hEHB (EE Lo Ofhfc

gAR X 9 FRFVDFRB
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) BFRABMO MBI/ > Thv b
E—AE=E0bOY—L707 s A VEE LHTHEIT, BETAY—22=8% % v F
NRANVTERT AL I DA LB Z LN, HIHAELO4EDE= 2T VERBLE &
nb,

FHECIIZ OMICER, BEERY 7 hEDAM va—oy JREBAYRRTLIEHOT+ AT
Valid 0, BEMTALLORETEY v LicLEIEZOERL FER (HEE, SEIBTE
BLORIT) 2FRTH L, BRECL > THA L — 2R T 5o |
2.3 n—ALfmEE

o — H L HIERIC DD s TW A B BEOREBEEBITKR OB TH 5,

wift, RZEEN, E=2DMBEOERIE 54 &
BIRDOBER R & 32 A
B, E=2OMEOHIE 50 K
BIHDO ON/OFF, BEEYIE LI L DFIE 35 K

HIRE CAMAC & DEROKRT # 5K R T, BROHNBRME L < VF 7L 74 (MPX)
-T2 LN, #&T v 7 (1ISO-AMP) ##TA-DEBI N5, ADCILIEI2Ey b
D2EBS R e 1ADADCIK L TRA 8BDEEN MPX L2/ o T b, I
BERAOBEIL, BROFAMOBEN 12y N TRARRID, 10 4D X2 — &
EAYV Ty PUYAREY 52— (IN-REG) AR TERLE=Z LT\ 5,

FOVABRICOWTE, BE S MPX ORI ¥ — 2 4k — 4 REIB AN TE — 7 BIRE AR,

POWER SUPPLY i |MPX 1SO-AMP CAMAC

[,

| %3
CURRENT ————0 [>_ ADC 12BIT
r--o DUAL-SLOPE

REFERENCE

‘Dam < PULSE MOTOR

%/N OUT-REG
STATUS N j/ FILTER IN-REG

POWER ON/OFF

H5R  EEE CAMAC % & D,
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HZEFENREDTA 4 VvE Y TOA 4 VBRI OWTIE, 1SO—AMP & ADCORIKe /7 v
TR AN THAI T 5,

BROFEAT ANV AE—Z TRy PHEBRIETT . ZOHFAKIFT IV EL—22
CAMAC RAEE L CHEEIIAIA DX OFELZT 52 Lid7ed, BREE, B HICEED
Wi CEBFIRDRH L,

BEIED ON/OFF RRABREOHIER, 277V V7 a4 VEREOBMETEZIL, 77
F7y hUYRAZEY 52— (OUT—REG) OHANTEEADOY L —%BELTIT5, B
OB I A L — A DEE LSS &, BIRENE nicis > oL VD5
Beavbae—4207m7 7 5TREL TN 5,

BEOKELRERIL) L —DBEAESTELLN, Fv 2V VIRRET LT 4 L2 —[EIE%
#%C IN—REG TE=X &h 3,

oM, a—h L EEERIITA v E—a Y 7 ERDSVABEAO Y THEEER, TV
v h A T OBGY)#ER, PHM—RC </ %y MCERER 52 2BFRERR I EDH 5,

§3. VI72b9x7

HEAT 7V —v ey 7al 5 AEMT10%E > CHFET 5, v AT LDOREBIDEIIE,
TTVr = a VTRl TR YAT AR R EE—HBEM—T00HbM—T70/25~Y €
— b IPL ORI L - TEER S N, EEDBIRT 5o

SSTROHIE T B/ 7 A6 RIRT LI, T—EX—A%FLI LT, ThERO%E
LWL 2D E AT THERL T,

Do T — AN — AFABEBOIFE FILE UPDATE

{EDWREE, FROBEORMIERE, “\\\\\\sl

BREORFHECIE LoV AE -4 CURRENT
PRINTER D St DATA BASE e

CONTROL

DR — b, BRABIRDOCA

MACT N L AT EHRIEICLER T k//////—ls\\\\\\\I

PUSH BUTTON

— X %%*{3 Lfci)o)“cv’ L\'fh@ A DISPLAY €——| TOUCH PANEL |—>| \cunoARD

S~ A P4
t
]
1

AT DHET I EATE Do Bl
ADCHBLOF—RIK 3E /B

~ -

e -

OPERATOR

DEE T T UPDATE | X A7 TH
LrENnb, [DISPLAY | & A MO VT bU LT O,
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THBHEXBIEL, 79574 v V54 AT Vg LRFERT S, XV =21 X DB E DR

2T CURRENT CONTROL | 2 A7 MBI\, FCF—F— FnrbBELZ AL TH

WETIHERE, COXATIREMBLBEBLYHEL T, BROBEZYFL D, HE

BIIGU TRV AL — b RBEZT ) Lichih, AL—ARREBECET S IO CHB LTS,
TV = a7 al a3 EAET Y T TR E S THREL .

§4. PUHFR
MU HEBRY =T v DY Pa
HFRDH HLEFHRFO—IE A [T‘:)é_;;—ﬂ_lr 0~10,,¢ sM
vl —akdEL, FK SSTRE
\ i 0 010, PHM
B M) HBEEE s EABGT
30us —J—> RF,KP...
EErREIR TS, BETHIC LINAC
DELAY
TRy I EAYT T LR T, B @ @ -
FUNCTION
DT, TLET & B ) senenATer
’ ' @ GUN GRID
M RARE TV Do
b AR B & B 2 TR DY AROTE S 7 HANT T b

Ffib-C, EHE M) HIEPQ, SM, PHMOZFEREFRIEIE I, Zhid v — 4L 0100 £S
K479 50 ZOBEEOHNCILBERBAOEEER N 74 =%, BEAMTEIT + b
H7T THE S TEELT 5,

BEN)AEF o h—=<T 5y VEBREBETH Y v FBEETHL0OT, BT KOKED
BB DRETH b, OV HABETE, Foh—~DOEFLEFHI Vv b~DEFTL
DEFHZED Y v 2 —DPBIINE D LOREE Lic, ZORDHEID KT 14 8=, Ava
L— b 6000V/uS DEENRy T 7TV T RESLELT, Yy REh 1ns LTFRINZ foo B3 b
Y HERBEMATIIALA NS Y ATEE LTWb,

§5. &% % (C

F 4o ARPICERICHETHERPBELN, TAMEROEREYREC, FBELET
T HDDOTaT T AOBEEED T D,

L(EC AHERIAR U~ 2L D look—and—adjut” ORI S H A, S 5% T -4
DERC L - T—HEALHENERLFRIC LI &F 2T %,
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fin & 23 44 k% o F Z S RE

S
phARZE - SE - SARIES

S1. B

WA, BAERBWLTS , KB TINES ORE CFENHEHE Shoob s, TR
Mﬁﬁ@ﬁﬂ&<KE—AWM%KﬁﬁénawﬁﬁLﬁ%ﬁﬁ%ﬁ%&%ﬁﬁ&ﬂ%ki?
FRHERL oo CXimo BER, E—aF ¢ VAR T IVIMBELTEAT Y VARDHL DR
TEPM, G = FARL0Y 0 ARBRTERLETH AT V VAR TRBEBAREDS <,
1 EEE DB L E VORI L OMERD oTco TOK, TAHI=TLDIDI
B BITFSEEIVER L CHIEREH G DL DN & TR ISR &L L Tih
PCASRE I NBIC T 5T Xl * 0 THREFOMEHE CIERM A DhTELAT VY
ZEE D TT I =T A RRATH I ENE DAFLRIN, BIET XA F PR
ﬂ%%msz@7ws:WAé$§®E%EQVX%Aﬁ%%§h?TRBTAN%@T%
OB EL Thbe T4 =Y AESIIEEEMHE LTAT YV VARCHANBERETDH
D,MIﬁ,%ﬁﬁﬁkE@ﬁf%ﬁhhﬁﬁ%ﬁbfb%:&ﬁCh§T®ﬁ%“’#%%
LATH DA, FEMGHECE L TE\ BRI LR h Th LW ORBRTH 50
AR TR ETERAMERIC L 0 AT Y LABBLOT V3 =0 At B E S h
LSRR DT, BEHBREETEDNEH O BT 5 2 & xlAlo

§2. £ Ex

21 & #
x?yvx%&Lf@,%%E?m%+yﬂ@7?v9mmv%hf%ﬁSUs%4%,i
FFA = ase s LTIEF v v SHRCHE Lo N 0. 5052 H3,No. 6063 T6 K LV 77V ¥
NS L=N0.2219T 87, ANP —79 (7000 FAHY ) #BA K T h HOIEEY e IE RMRUT
#1FRER Lo

SENIHR D b DB F R ER—Z 5 mm CEHT L, SMET L =Y 23 REA, BERA
bE1d 2 TREFTHA L.
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% 1% Typical elemental composition (%) of stainless steel
and alminium alloys.

Mg Si Ti Cr Mn Fe Ni Cu Zn Al
SUS 304 186 1.7 705 9.2
5052 H3 2.2—2.8 0.25 0.1 01 01 0.4 0.1 0.1 Remainder
6063 T6 0.45—0.9 0.2—06 01 0.1 0.1 0.35 0.1 0.1 Remainder
2219 T87T  0.02 0.2 0.2—0.4 0.3 58—€8 0.1 Remainder
ANP 79 2.6 0.1 0.7 4.3 Remainder

2.2 BEHBSLUAUE

30MeV £ L 00 200 MeV CHE %177 5720 30MeVBEIZL-HWD B I RORI Bz — 2%
FIF Ulco ¥72200 MeVBEIAGBENOER 2 -2 (VR) #FA LI, BT E—-ai3s
NARE S #s, < DR LF 300 pps THEIh, TOFHEMIEBLE 100 tATH - 1o
IEET € —a32EgPs EHL, KEx -7y bArg —HOEZ 2mm ( 0. 7TEEHE D
DASHIC L b HIBESHRCER Lic, BAZEA LItAaEFIASROERLE E, Tht
1R L Ao

A, REREOREIT AlokaftBly vF L— g v =<4 X —ZTCS—121 CH
AV, 100 keV M ED r BHEE Lico 7 BAR7 MLOBEIEL Ortec #HE Ge (Li)HF8E
RS (R 12.3%, FEEE1.9keV ) #HARTNHEEH VL. -2 71T F ¢
VAT FIAY =V AT ACERE LTI 5 lco 7RO Y -7 ZFRMBRIL, HOMLIDT T
VALMRI BoLEEEREZHWR/DEREC L ORD T, AR LIcsEREOENR S
JUOBERZ, XH3ZEEL L,

§ 3. BRBIUEER
3.1 30 MeV &&U 200 MeV BHTER T 2 MAULEL TDELRIG

BETHRAMERC L DAERT 5 HSHEREOS S, & 2 ¥ —BTRIC L 2 EEOKBIG
ko, WEPTRET HIHBESHRC L Z2HBRRIEC L5 DDFENKE L, 30MeV &
Krxn¥—sT5HEHESTE, Fe (r, n DRIGHEL, BTEROHE (1, p IRIG
LRABERE LS, BEELS0XELDE (7, 20)RIG ICBRBEhS X515,
200 MeV & T XV F —pig L i b &, R THRTRHBIGHAE UL 1 DI AT % ik
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BRGSO U, % fo R — D RHERRE D <« TSGR ORERAE L 5 EREA X
HENOBRIEDES T HEETE —7 v MEOFEE ERIGOR T Y RT SEKET 50 7

Loy ASEELUAT Y LA AR Ui B R B O BEAHERE & T ORIGE , 30
MeV It o WTidsE 21, 7 200 MeV iR DLW T SRR Lico T3 =T AG5EDH

& 30MeV TIRERS DT A 3 =7 Lh LIS L 5 BEHERBEER Lic w7t Jorhik
Fe Ly 2R HFEIND (n, e )RIGT 2 NapERT %0 Lol 1 ZRIRIEGFT D
s xvman Cr, p)REOFMEEMCEE DT, * Na EE~OF 5L REEN
ZhlEEf D, 200MeVicinE, 27A1 C 7, 2pn)?*Na RGO - 2*Na DERE X

FLIWINL, EEAKETHENad (7,an DRIV (7, 2p3n) LKL DERT
Bo FHHETHFAY, &, MBIOHESERE D DAERT HBHERBELERTE Ly,

% 2% Nuclear data on 30 MeV bremsstrahlung irradiation

Nuclide Half — life Nuclear reaction

22 Na 2.602 y 2¢Mg (7, pn)

2t Na 15.02 h %5Mg (7, p ), Al Cn, @)

6 Sc 83.8 d Ty (Cr, p), **Ti Cr, pn)

7S¢ 3.42 d Ti (Cr, p )

‘85S¢ 43.7 h 71 Cr, p)

48y 15. 976 d 50Ccr (7, pn), **Cr (Cr, 2n)"8Cr—ﬂ—+’—E£>
1 Cr 27.70 d 2Cr Cr, n)

52 Mn 5.59 d 5 Fe (7, pn), *Fe (71, 2n)52Fe—’9+—’§£>
54 Mn 312 d 55Mn (7, n ), *®*Fe (7, pn)

% Co 788 d  SSNi (r, pn), ®°Ni (7, 2n)®Ni—E&
57 Co 211 d SSNi (7. p ), *°Ni (7, n )% NiL£oEQ
*8Co 70.8 d 9 Co (r, n)

56 N i 6.10 d 58Ni (7, 2n)

5TNi 36.0 h 58Ni (7, n)

87 Cu 61.9 h 8Zn (7, p )

85 Zn 244.1 d 6 Zn Cr, n)

57 Ga 783 h 9 Ga (7, 2n)

8 7Zr 78.4 h % Zr (r, n)
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ZFVUAMTIE 7 n Am B Cr, =9 Ah b NI KL O ZDRBRED °" Co B4 LB A,
ThoiRER (7, n) RIGCERT 57D 30MeV & 200 MeV TIXAERERIZE A EET

o MM iZ = v HVELIOSMALERAERT LA, 200 MeV TEEL LD Fel(r, pn)
“Mn RIGOFEHE LN 5o 27 LAHOSE, FHEETHREECS Ok

# 3% Nuclear data on 200 MeV bremsstrahlung irradiation.

Nuclide Half-life Nuclear reaction

"Be 53.3 d Spallation product from Al and light elements
22Na  2.602y **Mg (r,pn), > Mg (r, 2n) 2MgE_, 2T AI (7, an)

24 Na 15.02 h  27A1Cr,2pn), Mg (7, p ),%®*Mg(r, pn),28Si(r, 3pn)
“mg e 2.44 d  **Ti(r,pn),*" Ti(r,p2n),*8Ti(r,p3n)

gc 838 d YTi(r,p),* ®Ti(r, pn),*® Ti(r,p2n),%* V (7, an)
T Sc 342 d  *8TiCr,p),*Ti(r, pn ), Ti(r,p2n),* V (r, @)
48G5¢c 437 h  *Ti(r,p),**Ti(r, pn),* V (r, 2pn)

48y 15.976d  ®*°Cr (r,pn),% Cr(r, 2n)“’Cr—E—L,51V(T, 3n)
“Cr 21.56 h  *°Cr(r,2n),

scr 2770 d *2Cr(r,n ), Fe(r, an),*®* Mn (7, p3n)

2Mn 559 d **Fe (7,pn),% Fe(r, 2n) 2 FeLEC ssMn(r, 3n)

5 Mn 312 d *®Mn(r,n),*®Fe(r, pn),*® Co(r, an)

52 Fe 829 h °*Fe(r,2n),%¥Ni(r,a2n)

° Fe 44.6 d 52Ni (r,2pn), ¢* Ni(r, an)

$Co 788 d °*Ni(r,pn),%*Ni(r, 2n) % Ni-EC, 59Co(r, 3n)
STCo 271 d SSNiCr,p ), Ni(r, n ) STNiZLECQ s9Co(r, 2n)
58Co  70.8 d %9Co(7,n),%Ni(r, pn),® Cu(r, an)

80 Co 5,271y ®'Ni (Cr,p ),%Ni(r, pn),® Cu(r, 2pn),* Culr, an)
%6 N i 6.10 d 8Ni (r,2n),% Ni(r, 4n)

" Ni 36.0 h °*!Ni(Cr,n),*Ni(r, 3n)

64 Cy 122700 h % Cu(r,n),%® Zn(r, pn),*®* Ga(r, an)

7 Cu  61.9 h 87n(Cr,p ), Zn(r,p2n)," Ga(r, @ )

7Ga 783 h % Ga(r,2n),"Ge(r,p2n)

®7r 784 h °Zr(r,n),%Mo(r,2pn),’* Mo (r, an)
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ﬁ&ﬁﬁi&f%@ff%éﬁ::T@%h%@%%ﬁﬁ@%ﬁ%%%ﬁLfméi6&&@
DhHERTDHZ LR LI,

3.2 RERELOMNEHER
%4%K1?7V1%i§?wi:7A6&0%Mwﬁiﬁﬂmmwﬁ%f®§@ﬁ%$

®m%ﬁ%%ﬁbtoi&@lg%tO@MVhT%bL,it%ﬂﬁ@%h%h@ﬂ%ﬁt
BB AT Y VABOEREER L OE R LIce AT Y VAMOSE A, 30MeV & 200 MeV
CTERRBRITBEIALEDLT, 2 BELN LBEBROBELIEDL S 1/ ->T
Who EZAM, TAI=YAEETIE0MeV & 200 MeV %< 55 & 2 HE TS0, 1

# 4% Surface dose rate(mR/h-g) after bremsstrahlung irradiation.

30MeV, 1 h irradiation 200 MeV, 1h irradiation
2 day after 7 day after 2 day after 8 day after
SUS 304 138 (1.0 26.2 (1.0) “183 (1.0) 34.3 (1.0)
ANP 79 1.43C0.010) 0. 076 (0. 0029) 67.7C0.37) 1.2 (0.035)
6063 T 3 0.90C0.0065) 0.054(0.0021) 52.1C0.28) 0.69C0.020)
5052 H3 3.40C0.025) 0.136C0.0052) 107 (0.58) 1.6 (0.047)
2219 T87 - - 64.6 (0.35) 1.3 (0.038)

Value in parenthesis shows a relative dose rate to SUS 304.

YA TR 151 200 MeV OF DT fe - Tl bo Fho, 2 Atk 1iMEIE OREHER OF
AMEID B A B F30MeV TiE# 1/20 X L 200 MeV TR 1/50 EREWVEDERLTH
2. AL, EIC 2 Na 2t 200 MeV T 0% R Lo K RERERITE LB o1
LODOWETRNE ERFHR LT Do ATV VARMET A =Y AEEEHELTAD L,
30MeV TIXT /b 3 =% AG& DT AT S MW BERER LR Lo Lo T ExxL
¥ _BHOBS, EAGREOERICT VI =Y 25SRFEECHRITHLE VX Do

200 MeV TIZ F g EDZE LW ET e 2HETH1/3, 8 BHETH1/30ThH-T0 Tk
b, BIRLF-BHTE DERBEOAAICL > T, ATV UVARET VI =V AGRs
PEFE T B LI Do 1272 LE RO DOREFIE | HIBHOBETH - T, REOIEE
WA B S I BRI bl - TR NCBAD D L EE Licd e bz, B
E R BB ORSERIIRETH D, FMAKEIF LR, TOT -2 &b LITRRF
BRSO A A S L DIEET B E 21 Lico £ THUTR T BARZ brx b)) —iR LD
He SRR DR E R A BB o
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30 MeV B&}HIC & 2 HRE ST 8E
30MeV , 1 KRS OB A DL TREK TEROKRFIEL £Ci/ g AL TEDL LIOMRE
58 THD, °°Co, "Co BRIV 2 Mn 7 K ZNF N Ni,*"Ni 5L U'%2Fe i 6 DifihiAA
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% 5% Radioactivities (#Ci/g ) produced by irradiation
with 30MeV bremsstrahlung for 1 hr.

Nuclide SUS 304 5052 H3 6063 T6 ANP 79
22 Na - 0. 0013 0. 00076 0. 0010
24 Na - 16. 1 3.3 2.0

% Sc - - 0. 00039 0. 00067
T Sc - 0. 058 0. 073 0. 12
835c - 0. 015 0. 0052 0. 0091
8y 0. 006 - - -

S Cr 49 0. 54 0. 0084 0. 0062
52 Mn 0. 05 - - -

54 Mn 0. 55 0. 017 0. 0055 0. 0047
*¢ Co 0. 14 - - -

%7 Co 2.4 0. 0014 0. 0013 0. 0019
*8 Co 0. 43 0. 00049 0. 00025 0. 00055
56 N i 0. 24 - - -

5T Ni 174 0. 051 0. 054 0. 11
87 Cu - 0. 026 0. 010 0. 013
85 Zn — 0. 0030 0. 0006 0. 0010
7 Ga - 0. 022 0. 019 0. 034
® 7Zr - 0. 026 0. 023 0. 013

DOHEEZGALRMELRBEKTRCHE LI D TH S, THI=T LA/ZE&TURE, ATV L
AT OO ER AT ~Too E% 2 )~ — # — DIEF10%ELEOFEEES S AT\
LHDNED 51,

T =Y AGEDEA, 5052 TR XY T ARLD Na, 7 aahbo ! Crokst
BEAMBIC HER Tl oo E72, **Mn D SERESR LI, ANPTO9TEF 2 vhbo

Y1Sc, = o A b O STNI OBEHED HBIHE <, BIITR S0 - 7208 % Cu iR T5 &
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Ehh 2 511 keV ERESHEOR S IO 3 ~5 HRETH -l P ZnidfieEbLT, &
FLLE 1 E TR LETRAR AR LTl AT Y VAGITIE NI ORAHEED R b 58

¢, DWTSCr OIEE s »Fo * Cr kB BWHIA 17 A &R <, F10°Ni IJEREE LTR#%
&D5TCo ks blchEME bl > TEWRERY 525 RED, ZOLD I k73 tpkkiE
RS OBMELERE L T\ < edie, BEHOBRH TR roBErREIRE kb, £IT, £
SDEER S & LI 1000 BRI @RS 1T e > B A O THERE X RD, B 6 RICL DR

BAR Lo T3 =9 AGEDHE, MEIFETE, DERT HRENBEELCLD, Eaq%l
B Db i ENEERAEC A X (BRI he L LEDRSHREREIL AT

s 63% FEstimation of residual radioactivities ( #Ci/g)
produced by irradiation with 30MeV bremsstrahlung
for 1000 hrs.

Nuclide SUS 304 5052 H3 6063 T6 ANP 79
22 Na — 1.3 0.7 1.0
24 Na - 360 72 43
%S¢ - - 0.3 0.6
‘7S¢ - 6.9 8.7 14
8 Sc - 0.9 0.3 0.6
8y 27 — — —
51 Cr 30400 340 5.2 3.9
52 Mn 9.5 - - —
54 Mn 530 16 5.2 4.5
%6 Co 115 - — .
58 Co 2310 1.3 1.2 1.8
56 N i 51° - — -
ST N{ 9100 2.7 2.8 5.7
87 Cu — 2.3 0.9 1.2
65 Zn — 2.8 0.7 0.9
%7 Ga - 2.5 2.1 3.8

8 7Zr - - 2.6 1.6




YUVAHIE S BRBE, 1ZB DI
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BRI TH S EDbb b,
I b OFE B OAE IR
g oBIE LT, SUS304KL
ANPTIDHEHRLDWTE 1 KB
F OB 2BR Lic, Ml 2 Ci
/g ERLTWA, Fio, BERE
BAHERE OBBEEM 2R Lich
DTHLo H 1RO SUS 304 DF
TiX, 100 HEETIE® Cr,zh
BHZ B E ST Co DEE
BtEL T D, ATRERE ORE
WXz AL NS 2EOEE
CEELTWBZ Enbhb,
3HZEETIL,
24Na & *"Sc, 10 ETiX *Mn
&S Cr, 2 LT 100 BHHUETIE,
**Mn,*" Co KX U **Napittg &
LTEEWA, 27V LA#IcK
REEPRDEMTH S,

3.4 200 MeVESIC&L33

W SEE

200MeV &2\ T3 30MeV &
RO &R A I, T3 1 KR
BHEOERYE TECR L, 7
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% 1 Decay curve of induced radionuclides
in stainless steel ( SUS 304 ) by irradi-
ation with 30 MeV bremsstrahlung for
1000 hrs.
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Day
22K Decay curve of induced radionuclides
in alminium alloy CANP 79) by irradia-
tion with 30 MeV bremsstrahlung for
1000 hrs.
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178

# 73 Radioactivities (#Ci/g) produced by irradiating
with 200 MeV  bremsstrahlung for 1 hr.

Nuc lide SUS 304 5052 H 3 6063 T6  ANP 79 2219 T87
" Be - 0. 104 0. 049 0. 075 0. 067
22 Na - 0. 277 0. 142 0. 192 0. 145
24 Na - ND " 240 320 230
“mSe - 0. 025 0. 0052 0.014 0. 014
6 35¢ — 0: 0035 0. 0033 0.014 0. 0085
7S¢ - 0. 17 0. 13 0.23 0.19
‘8 Sc - - 0. 021 0. 028 0. 072
8y 2.7 0. 035 0. 0033 0. 014 0. 0085
48 Cr 2.5 - - - -
51 Cr 55 1. 01 0. 029 0. 080 0. 077
52 Mn 6.2 0. 036 0. 015 0. 064 0. 069
5 Mn 2.2 0. 039 0. 012 0. 030 0.13
52 Fe 9.6 - - - -
% Fe - - - - 0. 0087
%6 Co 0. 91 0. 0019 0. 0008 0. 0027 0. 013
57 Co 1.8 0. 0025 0. 0015 0. 0032 0. 029
58 Co 0. 55 0. 0038 0. 0014 0. 0066 0.16
%0 Co 0. 098 0. 0005 - 0. 0017 0. 0037
56 N i 1.3 - - — -
ST N i 170 0. 11 0. 069 0.12 0. 20
8 Cu - ND¥ ~130 ~150 610
87 Cu — 0. 034 0. 017 0. 022 0. 049
7 Ga — 0. 11 0. 053 0. 072 0. 046
89 Zr - 0. 046 0. 021 0. 014 0. 031

* Not determined.

LeSEWHEEL R LES DR Na & 4 Cu BT, ThiSAoBERR <1 /7exa UL
FTThoto O Zn OB BEORFE DD -7 DO SNIEAELS ZZ IR
e, chieo Cr, n)REIS &3 <CME, &2 PTNi 2 ¥ Zr LFRBR 200 MeVT
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H30MeV &3 EAEEDLLWETFHEND, *Na DAERENEL WML, T/ %Na ®
"Be it EDEMBBAEZETH D &1 200 MeVIBHOBADHE#M I 25, AT VL AMTIR
EAEREDE VI Cr &5 Ni (330MeV & 13 & A EEN L, MO DA RE NIRRT
BILTW5b, RIZ, 1000 B0 EHEBH TOTHERBELYHE 8FR R Lo TAIZTA

A& T "Be & **Na OEREOHMLISC, 5052 TD ! Cr = 2219 TD %*Mn,**Co 75&
WMERFTELDER LIBEETI02Cl #8250 Abhic, ATV VASDEE, 8V,

2 8% Estimation of residual radioactivities ( #Ci/g) produced
by irradiation with 200 MeV bremsstrahlung for 1000 hrs.

Nuclide SUS 304 5052 H3 6063 T6  ANP 79 2219 T87
” Be - 80 38 58 52
22 Na - 270 140 190 140
24 Na - ND * 5350 7030 5150
H“mge - 2.1 0. 44 1.2 1.2
‘6 Sc - 3.0 1.2 2.1 2. 6
‘7 Sc - 20 15 27 23
8 g - — 1.4 1.8 4.6
8y 1300 16 1.5 6.3 3.9
8 Cr 79 - - - -
51 Cr 34100 630 18 50 48
52 Mn 1200 6.9 3.0 12 13
54 Mn 2100 37 11 29 123
52 Fe 120 - - - -
59 Fe - - — - 6.4
56 Co 760 1 0. 65 2.2 11
57 Co 1700 2 1.4 3.0 28
58 Co 460 3.1 1.1 5. 4 135
8 Co 98 0. 49 - 1.7 3.6
56 Nj 270 - - - -
STNi 8800 5.9 3.6 6. 4 10
64 Cu - ND* ~ 2500 ~ 3000 12000
7 Cu - 3.0 1.6 2.0 4.4
7 Ga - 12 6. 0 8.1 5.2
® 7r - 5.3 2. 4 1.6 3.5

* Not determined.
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S2Mn BL U % Mn T EERTF
B RIGCRR T 58 Tk
BEOHIMERAE L 7o
ANP 79 £ X0 SUS 30414
B LI OB R % 5 3 K
BLUEARIR Lizo SUS
304 TEF*Mn 2 °7Co &5 h
0F100 B LI OB B IS REIC K &
HEEREDTD, T =
7 AE5E T BRUREORE
BUHEEI 22 Na D i 5 EI& M
ZLLWINL T3, 2D
HERERE OZT 1 HBRRE
FCREEZRRY L RTLOD
FOBITIFEAERD R T
D EREEHERLIODTLLA
BESHEREEY OREE L TEE
ERRBTHH Do

3.5 FIZIZ9LAEER
F v L RFTOFEKRS

BE DR O L
ZZTIE, 3.3BXU34T
DREFEDHIERT Do
# 5RII30MeVIBETD SUS
304 & ANP 79 DI SREMRE D
FEREEER LI DTH 5,
17 AURTE TV =Y o4&
S ATV VAED 1/ 1000T
HH, CoEFRHEE LD
LEoMEEHHDODATV VA

57N}

T T

Day

# 3K Decay curve of induced radionuclides in
alminium alloy (ANP79) by irradiation
with 200 MeV bremsstrahlung for 1000 hrs.
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28 4 Decay curve of induced radionuclides in
stainless steel (SUS 304 )by irradiation
with 200MeV bremsstrahlung for 1000 hrs.
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P DRTFERBR LI MCERTEDLZ EARL T 5,

RIC 200 MeV DA TH 6 IR Lico SUS304 KB LUANP 792X T, Cr @
HEREDS\ 5052 E 2L THRIR Lo 15&@1, SUS3M4 M LIBT VI =T 688k
LK ITHHME S, 1HABETIIANP 791X 1/100 i3 D% L, 50524 1/30 &HFEITD
LM THD, 100 ARz 5 & SUS304 EDEFMEE D, 1000 AU ETIIZEAE ED
{Te-Twdo RIS, IMEBZOER - SRIMEIEREAH S 1 BHERE MM T iibh %
ENEL, FERBTIII0OHE TOENEETH S, ORI TNV I =Y LE5E&EAT Y
VX%®%§&%%®%§%%%<ﬁﬁkﬁmtfﬁb,Twi:WA%ﬁumMMWT%%
BREDOEBICEDTHELHR LT 5b, oL, 5052 08I T bbb Lo, HE
CHETLEBOBEE L VLRI L > TRHEI BT IHE5IE L0 TEEYET S,

108 10°
104 10*
SUS 304
\
SUS 304 )
s ° s \\ 5052 H-3
10° - 107\ T~
\ ~.
r r AS S
S
o o =
< Rk 5102_ ANP 79
S b 2|
™ ANP 79
\\\\ )
10' T~ 10"
100 F 10° - \\
Tw.  1m Tw. m. 1y
10" .ll 1 R 10" ll l. - 1-. ] .
10° 10’ 10° 10° 10° 10' 102 10° 10
Day

Day

# 5B Gross decay curves of residual: 6K Gross decay curves of residual

radioactivities in alminium alloy . radioactivities in alminium alloys
(ANP 79 ) and stainless steel (ANP79 and 5052 H3)and stain-—
(SUS304) by irradiation with less steel (SUS 304 ) by irradia-
30 MeV bremsstrahlung for 1000 tion with 200MeV for 1000 hrs.

hrs.
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§4. ¥ )

UERNTELL DI, TAI T2 WL ESBHI I VT —RE L EHE D
BRI ER L, TR L > TR REROERILOBT & 554 TTS
%o 1o, 22Na DL 5 R H T - TRERMHEL k5B EL RSl L Likhb,
ZFYV VR HRD R 1~ 2K PR LY FHFL &M TE D, ThE TREBAIEC
S uCi g BT DB R T » TEIAR, TS =9 AAGIE AT ¥ UABIC AL A
W1/3THo, BRAEE IO THE LR L DEBNE IV 25, TOHE, ATV IVA
WET NI = AGe s OBRBESEDOEIECIFOVOLELRRT I LI A,

AERIERIIE T 7L ¥ — B TR X5 EROMSE 200 BB TT VI =Y LA ORS
BERREEM ATV LABOFRD 1/100 £l o 2D L EBR—H LTS TebD
TAAE -AEECEL AL E, WENTFTORETTLE BT D S hlT THARKEDE
EOERIC BT D AENL LD, KERERMMLOK FIMEBRMHEA~DOEERR L7205
5 EHRL T B,

AB e CIRBSEE D DI HEE T TOEITA Thic o EECBRBEESLELSE
PEULBZESHN D L5080, SHEHFMEICE B L TRRORRZTROLENDH L LM
bhbo

& z X it

D A, B, EH, AR: B2z 22 (1979) 373

2) A, S8 IR E 14 (1980) 113.

3) E.Browne et al.: Table of [sotopes, ed. C.M. Lederer and V.S. Shirley
( John Wiley & Sons, New York, 1978 ) 7th ed.
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1R <o vEA L2EBRI,

= I % REFI64E B
R T Y L
es ( Bi&) 8 8 2 2 10 10
es () 6 6 6 6 12 12
es (FR ) 8 8 4 4 12 12
es (BEY) 6 6 4 4 10 10

es CEIH)D 4 4 4 4
es (FBRE D 4 0 4 0 R E~ERE
es (HEH)D 4 0 4 0 KEEEENGR
rp CE#ED 4 4 4 4

ra (BE) 12 12 12 12

ra (EL) 8 8 8 8

rd (f&m) 4 4 4 4 8 8

ef CHiH) 4 3 4 3 % 1R E
rn CPTER) 6 6 6 6

re (FEH) 8 8 4 4 12 12

rz ( Min) 10 10 10 10
ND 16 16 15 154 1% 31 31+1#
RI 29 20+ 1% 17 17+ 1% 46 464141
= —Mag 3 2 2 3+ 1% 5 54 1%
SSTR 46 33 46 33 B13E E
TAG 8 4 8 4 B A4EE

*1 32 %1 %2
= 120 119+1* 138  113+2+1 258 232+3+1

YRR ERS

*2 REER BT ER
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Fo A MEEERERNR
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NLUHIESE « $FF 1 - EHERE
PeRRIE=E - ERIERS

§1. F—YUBEE

FEEL DEDTEL, T—2ERVATLAOHEBIEY, TALVBDE L, —EIFEED
BhRHDE LIS, 2ABD—IGKETHLE Lico EKFHBEAMRIZIOALD, NDiZ2A
Ih, FhZhH LT -2 EREEXFIH L TEBRZT->TWE9,

X, A774 VT 208, VE—r Ry FLIALDFLWIYATATEHLTUEDE T,

HEI1RCARINFRERLRT. SEER VAT 2008, RESERHD, KOLNPRETHEL
FbdDETo PIZIXVE—- Mo FDA4~8AFIE0 /4007 —ZABEEENRTVET,
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B 1% PERIS6ERE - AmAIFI A RER

CHAL © Wy D

Bt OKITAC — 4500 OKITAC 50 /40 OKITAC 50 /60
BB ron e | 78 T8 BT VBT R

AN T ET S TR VS Y SRR N
4 174 9 7 190 0 165 9 174 0 0 0 0
5 330 69 4 403 0 254 3 257 0 0 0 0
6 241 40 5 286 0 310 0 310 0 0 0 0
7 168 7 19 194 0 185 5 190 0 0 0 0
8 0 0 4 4 0 180 34 214 0 0 0 0
9 0 0 5 5 0 87 7 94 4 302 9 315
10 0 0 4 4 98 109 4 211 4 270 0 274
11 0 47 4 51 65 121 7 193 4 213 0 217
12 0 227 3 230 48 255 3 306 6 173 0 179
1 0 261 4 265 54 154 0 208 2 176 0 178
2 41 139 13 193] 192 18 3 213 7 231 2 240
3 125 30 5 160 26 77 0 103 4 200 0 204

& EH 1079 829 77 1985| 483 1915 75 2473 31 1565 11 1607

A5 89.9 69.1 6.4 1654| 40.3 1596 6.3 206.1 4.4 223.6 1.6 2296
% 54.4 41.8 3.8 19.5 775 3.0 1.9 974 0.7
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