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ML EOBIEER AHE OFPEOMBR OBGCS N 2 O TS BECsystematic 2%
EBTBADTH B, KEHOME BCEBOMBRIED & & 5 TREREICEET 5 RS
BH bbb, COBMEEFEOENBEMOBRAE 2 3TIOTH~7 spectroscopy.,
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EEBRICHH bR, RL3—GHT1, 5~ ABBIShANCEdcore model T * Ti
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DR OFEE— FEM1 Lassign ANTWNAY), HxOEBTH, target & LTEE N
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F2=0.1110.02, 750 =0.80£0.05
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ELECTROEXCITATION OF THE 10.8MeV (147;T=0)
LEVEL OF 12C AND THE 7.1 2MeV (17 ;T=0) LEVEL
OF 160

In self-conjugate nuclei radiative El transitions with AT=0 are for-—
bidden by the isospin selection rule. ZEisenberg and Rose[l] have shown
that the same rule can be applied to the electroexcitation in the region
of (qR)2 &1, where q is the momentum transfer and R is the nuclear
radius. They have also pbinted out that in real nuclei the matrix element
is not vanishing for the reasons; (1) the presence of isospin impurity
caused by Coulomb interactions and the neutron—proton‘mass difference, (2)
n-meson field effect to the total momentum’of nucleons, (3) nuclear recoil
energy effect, and (4) the presence of higher order terms in (qR)z; and
consequently the angular distribution of the inelastically scattered elec—
trons for the El transitions with AT=0 wouldjbe expected to exhibit a
"hole" at small angle;. On the basis of the particle-hole model Seaborn
and Eisenberg[Z] have calculated form factors for El (4T=0) transitions of
16O in the excitation energy region between 11 and 25 MeV. Their results
have shown the anomalous g-dependence of form factors.

In use of 300 MeV linac of Tohoku University the electron scattering
experiments were performed for the 10.8 MeV level of 120 and the 7.12 MeV
level of 160 for which J"=1" and T=0 have been assigned[3]. Incident elec-—
tron energies were 183 and 250 MeV and the scattering angles were 35° 4o
115°.  The targets were 103.6 mg/cm2 thick graphite and 79.5 mg/cm2 thick
beryllium oxide disk. Scattered electrons were analyzed by the double
focusing magnet (rO:IOQ cm, 9:169.70) and detected by the 12-channel
detector ladder. Each channel consists of three Si{Li) detectors operated
in slow coincidence. Over-all energy resolutions were ~0.25% for carbon
and ~0.1% for BeO target. The detailed description of the experimental

apparatus will be published elsewhere.



The typical energy spectra of scattered electrons are shown in figs. 1
and 2. It is clearly seen in fig.2 that the peak at 7 MeV has two components
corresponding to the 6.92 MeV (27) level and the 7.12 MeV (17) level of L6g,
The Be components in the energy spectra for BeO were subtracted by using the
experimental data for Be target. The obtained squared form factors are
presented in figs.3 and 4 with the usual longitudinal El and E3 squared form
factors of Helm[4}, where R=2.30 fm, g=1.03 fm for 120 and R=2.65 fm, g=1.00
fm for 160. These parameters are chosen to reproduce the g—dependence §f
the form factors for E3 excitations of the 9.63 MeV level of 12C and the
6.14 MeV level of 160.

It should be noticed that the obtained form factors are E3-like. This
fact may be explained simply as follows. In the first Born approximation,
longitudinal El form factors are proportionmal to (f[}jl(qr) > , héwever
for AT=0 transitions in T3:O nuclei the first term of the power series

jl(qr): qr/3 - (qr)3/30 4 oeeee
causes only a spurious c.m. motion, and has no contribution to the excita-
tion of nuclei. In this case jl(qr) should be replaced by jl(qr)-qr/3 which
has the first term proportional to (qr)3 in the power series expansion.
Thus E3-like form factors are obtained.
The authors wish to thank Dr.S.Fujii and Prof.T.Sasakawa for many

valuable discussions. Thanks are also due to the accelerator crew for their

cooperation.
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FIGURE CAPTIONS

Fig.1l.
Energy spectrum of electrons scattered from carbon. Eo=250 MeV,

9:850. The dashed lines are assumed to reproduce the 4.43 MeV peak

shape for the 9.63 MeV peak.

Fig.2.
o
Energy spectrum of electrons scattered from BeO. Eo=183 MeV, 6=75 .
The crosses indicate the energy spectrum obtained for Be target. The 7

MeV peak was decomposed to two components by using shapes of other peaks.

Fig.3.
. . 12, .
Form factor for electroexcitation of the 10.8 MeV level of C. ~ The

dashed lines‘indicate the Helm's longitudinal El and E3 form factor (R=2.30

fm, g=1.03 fm).

Fig.4.
Form -factor for electroexcitation of the 7.12 MeV level of 16O. The
dashed lines indicate the Helm's longitudinal El and E3 form factor (R=2.65

fm, g=1.00 fm).



n

COUNTS PER uC (ARBITRARY UNIT)

' ! ' ! —4.4aMev '
CARBON l}
- Eo=250 MeV
6 =85° } *
>
@
s
- [Gs]
T
i |
> } }
@D
= } | [8)
L © o
° > @
l ! = l ’ S
N~ w
T |
b t j
by |’” “’j”

RN ! 11t 1 Hl*i [||
. T ""“‘”U phett et ) I " Hl |
120 100 80 40 20

CHANNEL NUMBER
Fig. 1
T T T I
S
L3 Be O .
> o
3 2 Eo=183 MeV Z
— N o o
L’g 6=75 ’(;
e * 3
E ul
3 * ‘
z
< 3 }
e 55 %
Z2 L3 2 b
< >3 2
- s> <
Q -0 w
2 ~o | ]
o ' _
w L 2 +
} =
e i ] : '
%I - < —
I} o
o } { l
} ! '
t
‘,'”f | } (X5) 0' ,
S Nt t [ +
..x.._‘ X%t ”f h ' 4 N
AURIL v K
0 1 L resteart artalstetreraists’ | ravett
100 80 20 ]

60 40
CHANNEL NUMBER

Fig, 2

11



12

02

Gl

AdNOGe=°"3
NoNEBI1=°3

NN 80

1

Oz

0¢

¥ 814
| (wpb
m__ O__ m_O OO_
7
i
/
[
L / i
/
L / B
\ \
r / Y / % 7
- \ / / 7
I | / i
- o3\ =/ % i
- \ \ ]
C hmhuv_

ft‘x .y

ANOGE=°3 °
NONE8l=°T -
ASN ZI'L Oy

qu__




13

§ 3 *OTi(C &k DT F Ik il

45 75 QIO £ OEEIE, Bl b)Y, (@, a/ )2, (p, p'r W), (p, p/ D4,
(3He,d )8%) (3He, @)1 HTH~NOLNTER, Yntema ot al. ICLD (a,al)?)
DEFR Tl excitation energy 6 MeV 3 T® - 1level OW{DAadspin
assignment 2% &N, X (p, p’)”, (p, p’T)'*)s)"C’O:tZLMeV % TO level @
spin parity@assignment 3% I, —F, ERETEL 72 nuclei® 4MeV
UFDpositive parity statell2oWT *®ca%coredsl, closed shell &
1f7/2 nucleon®wave f;unction #ff 57 shell model@:‘?‘l‘ﬁlo)ﬁi&éhko

COEBREAF T A AL ¥—183MeV Do lecton peam T, *®Ti ® particle
threshold MITETO levelll & %IFMMEHAL TN/ M LEBELA35 025695° & T
10° step CHAEE Fopectrum% s oT7 MoV EETDleve 1 2T Lke BbNi
% level® Form factor(fHelm model'!) L THITL, epin, parity®d
assignmentM{freduced transition probability #Rd7%,

Target X *°Ti%81.2%Cenrich LA 23. 1mg/cn? ® Titanium metal ZH .
W, Analyzed beamlX0.1 %@{ﬁﬁf‘lvﬂﬁ—m‘f*:‘[zi%’%ﬁ%’ﬂz LA, £—45 , b TDbeam
spot @K 3mm b TH B, MABEFEr,=100cm, 0§ =227 /30 double focuss-
ing magic angle spectrometer TAHTEN, 12channel®sSi(li) Solid
State Detectorfdetectéh, data collecfion#’lcomputerkon—line
THUEIN D,

EDspectrumlCXLTSchwinger correction, bremsstrahlung correc-

tion, ionizationiXbhstraggling correction®HEMOtail sudbtraction

% H. Crannel!'?) DHETIT oo COMBRDI=55"0O8pectrun® fig. 1 ICRT,

Carbon®Elastic form factor &H# 352 LIt D *®*TiOElastic form
factor #87%< ( Fig. 2),

Inelastic form factor #Fig.3~5KR3, Inelastic peak OFE
_elastic peak (@ U EREL, Elastic form factovré:.ﬂz,ﬁ'j“é P ()
Inelastic form factor XKk, b

N e LN L , C(1)

:gel

Error{d statistical error T, count#, Elastic form factor,tail

subtractionDerror#&A Tnd, DataldBormiHldHe 1m mod el TN L7,
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Inelastic 21—pole®squarea form factor!')ik

[P, (EA, 1) [ 2=8;752(qR)exp(—g%q?) (2)
TCZTR, gldtranseition charge density®spatial parameter TdY,
fydnormalizing factor T b, ¢g{d0.95f, Kfixl, RZparameter & LT
4.21 f, T10%OHETE(LILH LN A Form Factor{Cfit E¥k,normaliz-
ing factor F L RZ»bReduced transition probability B(EZ)#K
%5,

2

B(EX, 1)=4, R .2 f,22 | (3)

4
(2)iﬁﬁﬁorni&f&fé%@felectron?ﬁiﬁﬁ%%wécou.lomb DistértiOn@%
BEEATHENOTRICOVTR = ( 1+ %)HR OHE " 7o TB (B2 ko
fco ZcTallfine structure constant, kldincident electron®wave
number T® 5, .

Single particle unit/@KO®EYTH5!15),

22+1 3, 2 g1
By, () = 2= (5o R et f,%4 (4)
R=1'2Al/3fm

U EO#ERTHSbassigned spin, parity K F reduced transition
probability B(E4X), B/ B, KU'Helm model®spatial parameter
R#zTable 1(CO#, REBorniilOETS 50 MORBRE Hts 241 (p, p) 1)
(a, a’)")?’)f}f(«bfcdeformat ion parameter ﬁL Hmbsingle .particle
unit TOtransition probability B/B,, ZatBL TARKKO €, cOEE
Tarvie et all®) RO Lippincott et a1i7)©notationVCﬁEoﬁo T DEE
OFRE3MeVHUELEZL O3 ™2 RWHILAZ ETHB, *Tidcore nucleusTdb
4000 [CH N TR 37 253. 73 MoV KIF6.29, 6.58MeV IC 3ABEIENTNAI V44614
Tl 1~4 Weisskopf Unit® 3~ 13&RMI NI,

e ODEBRBERDO 1st 2+ 0.89MeV 1evel@reduced. transition proba-
bility @ (p,p/) V) KU (@, «/)2)2) OERL—#TF b, 3 state CONTH
3.02, 3.5, 4.15, 5.9MeV levelld( a, a’)@ﬁ;’%t%&%@%ﬁ%f—&bfc; 3.25

MoV leveli(a,a’)?) ®angular distribution #562X@E50 tenta-

tive spin assignment#ZINTWND, C:hb:tﬂ(p,p’r)s) Tspin 2IC as-
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Table 1 Resulte in *87i

(p-p') (pyp/) (o a’)

Present Work

a) ) c)
@ 2,2 Rfm
Ey(MeV) J® BELNDCSfLY BB, (=095 £ B/B., B/B,,  B/By,
089 2+ 848 173 4.26 164 142421 147~183
200 4+ 159000 10.4 466 3.810.1
302 3~ 1950 2.2 376 ’ 2.2
3.25 2+ 77 1.6 406
3.5 3~ 3400 39 416 2.8
415 3~ 3040 35 406 3.5
45 (41 18400 1.2 416
4.72 3= 503 0.6 3.76
5.03 4+ 72500 4.7 446 1.5~1.7
5.20 3~ 843 1.0 416
543 . (37) 591 0.7 4.06
5.7 3~ 1080 1.2 436
59 3~ 2050 2.3 4.36 ‘ 2.5
6.1 3~ 1830 2.1 4.36
6.35 3= 806 0.9 426
6.6 (4) 3075 0.2 4.36
6.9 3~ 783 0.9 416
7.1 3~ 514 0.6 3.96
7.4 3 1006 1.1 4.26
a)Ref, 7. DP)Ref. 9. ¢)Ref. 2, 3,

8igndNA3.225MeV levell LT hAEBbILA, 6MeV FTLD excitation
energy OERTIEEET(a, a’)?) T 588MeV levelepian D tentative

assignmentBAINTWNLELT TS5,
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§ 4 STUDY OF NUCLEAR STATES IN ®*Ni BY INE-
LASTIC ELECTRON SCATTERING

Inelastic scattering of high energy electrons has been demonstrated
to be a very useful tool for the investigation of the nuclear structure
v[l, 2, 3]. It has been also proved that experiments at energies higher
than 150 Mev are suitable for the nuclear study [4 35 56 ,7]. High energy
electrons can easily induce nuclear transitions of high multipolarity as
well as low. However, the energy resolution of the spectrum of scattered
electrons is inversely proportional to the incident electron energy.
Recently, using beam of high intensity electron linear accelerator the
electron scattering experiments have showed very accurate results at
energies of 100 Mev or less [8 »9 5,105 11, 12]. In the experiment reported
here, inelastic scattering measurement for 58Ni has been made for the
excitation energies up to 8 Mev with the ihcident electron energy of 183
Mev.
The experiment was performed using Tohoku electron linear accelerator,
a 300 Mev machine with high beam current. In the typical operation, when
analyzed to 0.2% in energy spread, 3BA-6MA can be obtained in the average
current. Present experiments have resolved many excited states of 58Ni,
in which, the assignments of spin and parity of those states were made and
the reduced transition probabilities were evaluated. The target is thin
(46.11 mg/cmz) foil of 58Ni enriched to 99.95%. The scattered electrons
were analyzed by a double-focussing magic angle magnetic spectrometer and
detected by 12 channel solid state coincidence hodoscope.
Each channel consists of three detectors operated in slow coincidence.
The size of each detector is 2mm wide lmm thick and 10mm long. The energy

bin defined by each channel is 0.05%.
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The over-all energy resolution of the system, including beam spread, target
thickness effects, was about 200 Kev. The spectrum of electrons scattered
58... o . . .
from a ~ Ni target at 6=55  is shown in fig. 1.
The raw data were corrected for usual radiative effects using the
method of H.,Crannell [13]. Comparing the present scattered-electron
spectrum from a 58Ni at 6=55° with that obtained by H.Crannell et al., it

is clear that many excited states have been resolved in the present measure-

ment. The obtained squared form factors at angles between 350 and 950 for

the excited states of 58Ni are plotted in fig. 2, where a, b and ¢ correspond
to E2, E3 and E4 transition respectively. In order to compare the present data
with those of the electron scattering experiment on 58Ni previously carried out,
the form factors obtained at Yale at 45-65 Mev wére normalyzed to an incident
energy of 183 Mev with the help of the distorted wave calculation (DUELS) [14]
and plotted in fig. 2. In angular distribution of the squared form factor of
E2 transition, the structure of diffraction minimum is clearly seén in the
region of 6=80°

The data were analyzed in the Born approximation following the work of

Helm [4}. The inelastic squared form factor becomes

22
[F(EL,q) | %= 3, 2(qR) ™ & (1)

Here qvis momentum trasfer 3 R and g are spatial parameters of transition
charge density ; BL is the strength of the transition. Comparison of the
prediction of eq. (1) with the present experimental data is shown in fig. 2.
The solid lines which are best fitted to the present data are also consistent
with the data at Yale.

A number of multipolarities of the nuclear transitions observed in the present

experiment are known from previous (e,e') [5], («,a') [15] and other experiments.
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The 5.40 Mev, 6.02 Mev and 6.40 Mev transitions are new states which were
assigned as E4, E3 and E3 respectively in the present experiment.

Crannell et. al. [5] found an inelastic scattering peak at 7.55 Mev exgitation
energy, which is presumably identical with 6.9 Mev and 7.2 Mev transitions in
the present work. For these transitions unambiguous E3 assignments were made
as is seen in fig. 2b.

In the (o,x') experiment the presence of 4.40 Mev 4+ state has been reported.

It could not be separated from 4.47 Mev state in the present study.
The calculated E3 form factor assuming R=4.40 fm was fitted to the experimental
data of 4.47 Mev excitation. Recently experiment of 60Ni was performed in this
laboratory. The 4.47 Mev excitation in 58Ni corresponds to the 4.05 MeV 3~
state of 6ONi in the comparison of the strength of transition. As is seen in
fig. 2, the form factor of 4.47 Mev transition in 58Ni was decomposed to E3 and
E4 components by use of spatial parameter R=4.73 fm which was chosen to fit the
4,05 Mev excitation of 60Ni.

By comparing the calculated form factor with the experimental values,
the reduced transition probabilities were obtained. A summary of the present
results including the assigned spin and parity, the reduced transition proba-
bilities, and the spatial parameters in the Heim model is.given in Table 1.
The estimation of errors of the reduced transition probabilities largely
depends on uncertainty of the’determination of spatial parameters in the
analysis. Comparison of the present results with data of previous electron
scattering [5, 10] and heavy particle scattering [15] experiments are also
summarized in Table 1.

The autoers wish to thank Dr.S.Fujii and Prof. T.Sasakawa for valuable

discussions and advices. They are also indebted to Drs. D.S.Onley and L.E.
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Wright who have kindly sent them the distorted-wave computer program.

They are grateful to the accelerator crew for beam operation during the

extended periods of measurements.
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FIGURE CAPTIONS

Fig 1.
The elastic and inelastic electron spectrum from scaittering of

183 Mev electron from a 58Ni target at 9:550

Fig. 2a, 2b, 2c.
The angular distributions of the squared form factor for the

excited states of 58Ni,(a), (b) and (c¢) correspond to E2, E3, E4 transition

. respectively.
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§5 STUDY OF NUCLEAR STATES IN ®Ni BY INE-
LASTIC ELECTRON SCATTERING

In 6ONi a number of works to investigate the nuclear structure has been

performed by the experiments of inelastic scattering, i.e., (e,e) [1,2], (p,p")
[3,4] and (o,a") [5,6]. When projectile is electron, as is well known, the
nuclear statles are excited by electromagnetic interaction which is well under-
stood, and leads to precice determinations of parameters [7,8,9], i.e., spin,
parity and electromagnetic transition probability.

In the present paper inelastic scattering of 183 Mev, electrons from 60Ni
are reported. Compared to the previous (e,e') experiments [1] at 183 Mev, the
present experiments have better energy resolution.

The experiments were performed by using the electron beam of the Tohoku,
300 Mev linear accelerator. The electron beam of the accelerator is deflected,
and analyzed by a two magnet system (ro:lBOcm) giving an energy definition of
0.05% in the present experiments. Intensity of analyzed beam is about 1pA.
Beam is focused in 3mmg at the target position by a pair of quadrupole magnet.
The target is thin foil (43.9mg/cm2) of %ONi enriched to 97.8% purity.

The energy of scattered electrons were analyzed by the double-focusing
magnet (r,=100cm, 6=169.7°) and detected by the 12-channel detector ladder.
Each channel consists of three Si(Li) detectors operated in a slow coincidence.
The energy bin defined by each channel is 0.05%. Inelastic scattering spectra
for 60Ni studied are shown in Fig.la and Fig.lb.

Each spectrum is given at angles of 550 and 75° which favors 2+ and 4+
‘state respectively. Usual radiative effects wereé corrected by using the method
of H. Crannell [10]. As is seen in these figures, many excited states are well
separated up to the energy region of particle emission threshold. The full

width at half maximum of each peak was about 200 Kev as was expected from the
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experimental condition. The obtained data of squared form factors at angles
between 35 and 95° for excited sfates éorresponding to 3 and 4" states are
shown in Fig.2a and Fig.2b.

The data were anélyzed using the phenomenological Helm model [11] in the
Born approximation. The inelastic form factor becomes> V

. 2.2 .
IF(EL,q)IzzﬁLJLZ(qR)e—q g (1)

Here R and g is spatial parameters of transition charge density; q is
momentum  transfer: P, measures the strength of the transition. The gR
*

is corrected for the change of wavelengthAof incident electron when inside

nucleus [11]. Comparison of the prediction of Eq. (1) with the present ex—

perimental data is shown in Fig.2a and Fig.2b. The peak of 4.85 Mev is

-doublet for that each component is separated as shown in Fig.2b.

A summary of the present results including the assigned spin and parity,
the reduced transition probabilities and spatial parameters in the Helm Model
is given in Table 1. Recently R. Ballini et al. [12] suggested the presence
of high lying 3~ states at 6.20 Mev, 6.60 Mev and 7.10 Mev in the study of
(p,p'¥) reaction, to which the present 6.20 Mev, 6.85 Mev and 7.05 Mev peaks
may correspond respectively.

The estimations of errors of the reduced transition probabilities largely
depend on uncertainty of the determination of spatial parameters in the
analysis.

The data of previous (e,e') [1,2J and (p,p') [3] are also summarized for
comparison with present results in Table 1. The present values for reduced
transition probabilities are in agreement with the'results of (p,p') within
the experimental errors.

Comparing the present (e,e') experiment with other (p,p') and («.x')

experiments, the general features are seen as followsjy
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(i) In (e,e'), analysis of the form factors is very simple, because excitalion
mechanism is due‘mainly to direct process.

(ii) High lying states are well analyzed up to the energy of particle emisson
threshold.
The authors wish to thank Dr. S. Fujii and Prof. T. Sasakawa for valuable

discussions and advises. They are grateful to the accelerator crew for beam

operation during the extended periods of measurements.
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FIGURE CAPTIONS

Fig. la, Fig. 1lb.

The elastic and inelastls electron spectrum from scattering of 183 Mev
electron from a 60Ni target at 0-55° and 75°
Fig. 2a, Fig. 2b.

The angular distribution of the squared form factor for the excited

states of 6ONi, (a) and (b) correspond to E3 and E4 transition respectively.
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p’)ﬁFET’%%ﬁéhéAnalogue states RIS EDOHF T photoreaction T excite
AEETH D states FepinkUparity B LTREL (H b, UL state O TN Tk
+LdphotoreactionCHND LHROANWEEEEINERETH I ARORELHR LR
B,

—&kiw&ﬁBOPMWOM0Wn@ﬁEﬁﬁHWYW%f&<ﬁﬁ%#ﬁwﬁg&yiam
2300 ZHE 1B, E2BRBOTHOALHAIATAS?), Analogue statesd b
HEH5proton XD state DEMIDAHIO IFRL % 2B FHIND, COWKREZ
Fig. 4 [CRT BESHBEME proton OFEP TO state BILMIICHET 2 state & XEL-
T b, BOLhABEASHEHANTstate THETTTH 5,

*OffiAnalogue state DI 47— 2 &MV TAHE L%, *°2r, *Ce DER Ana-

logue stateDHEEH30~100eVTHYH,0004~002WeissrcoPf Unit ’C’sz,“)o

X EoN
1)K. Shoda, M.Sugawara, T.Saito and H.Miyase: TUEL-2(Tohoku
University) 1968; to be published in Physice Letters.
2)J. S.Levinger, Nuclear photo-disintegration (. .Oxford Uni-

ver sity Press, 1960)
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Abstract
A "pulse division method" for pulse shape discrimination with
a single p-i-n solid-state detector was extended. While a
long transmission cable (200 m, of 10D-2V) vitiated the
particle-type imformation involved in the detector signal,
a clear separation (AH/H:520 %) between protons and alpha
particles from Be(Y,g) was obtained. A non-integrating
stretcher was found to be exclusively suited for multichannel

analysis of the quotient pulses.

& G £~ ARRIEEE ORK % MEE BOBER R IMEIR & 5B OBERNREED R W2
(G5 ) O T CD orets, MERILY =7 o 2 O INBEEHHTE (BDM) L L5 ( 7, p)
AEEHHSHLL, ChiICL BRET~ 2 DRERFOHH) ANBRIGHE 2BRL, 2OX0
BHEE—HTHIOTHS 9, TTINL DE—HEE, BeLEGHERLSIC L 5 T0BRTEE,
T bICEORHT LWRITFFBREEBS 23 L, BEOBN (1,p) F— 4 0EEFHELL(F
2TA1, 3P, 8,0V, %8qu, cu(7,p) ) THLF—SM45keV FWHYM, HHE
FABMERF 100 nsec, BFHRITEEEHN 4 nsec Thoro BHHMENLALNWT — 20
—EBETHAFerreira-Valoshek ik ) ASBIAN, T 4 v ¥ — A ELEERED & OS5
EnD, RANEBERLZ orco BT RRBETEER >0 Lo LIHFEES BRILY =7 » 2
PERE B L, BET BDMIC £ 5 BIERASEH Lo CAUCE b, —F — £ b BT 2
BH~1 B 2R3 5 ELO~N— £ b v v ERELCWBERHETHE L) =7 » 2 LBROBIE HFET
BE L "o feo ek (7, p) AALFF UGN O—BOWHKO _EICL 5T, 4400 (71, p ) Kk
SO —~BEORICAT 55 &L T Y =T 5 2 CHOIETE B, FEED BDUTIET
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EaN, FLTMOFECL > TIMELKELWEEINTRE (1, @) BICOEELIER LR
Mirz & &Lk

BEOIW(r, &) RIDOEEYHE, BF7 522 (afy 46488) , EX ¢ » BRAUOKN,
Mo KRR OEBWEBBEOM L F 2 LBELT, 5P TAFERINTHWELCIWLT, L0
HWEE O, (1, @) RICOFLWIRESH 2 TRERBEI L TRk, e Xz OBR
L L 9ET24DTH 5,

FHEGICT A v ¥ —REICHET 2 THEOE LB 2 W—REHSFE 2RAT 2. 51HOERT (1,
o) EEEHEIO e 7 HRAHESL L8 ), S B ORFAIEMT X MICLVERY =7 5, 2ICL B (7,
a ) FHAROEE R EFR L. RED (7, a) sffll2ie{ routine work &% o &BEC
o (7,p) EXAT, ECERKLEEOBBICHLOFEER LB/ BTS2 %

§1 HEBHBE S AR - C—2CL5B (7,2 ) ICOBLIHIEHHIZTT S 2BE, E5 LT
RO TOOHMEBINER bE N,

LB T - EBF & abiF Ol

250 R XA AT, TR B OO ETEIEOTREDR b OBEE L,

3. N FAEMEDRD THhane & LB L, BELETF - 7 v ~BROBRKEMEEE stontl %
AT ATk,

45~A%m$&ﬁﬁ&2+ﬁmﬁﬁb,%%*ﬁ%%%f?éc&oﬁﬁ%©¢éw(r,w
FERTHFUETERVEROEE L %56, BEPUHFORBB~OAH FARAETH Y, 1K
HEZER COMBRT~OEFIEHT L TETH 5 O, RFFIEHIC L HIMEELH ERTEET S 5,
T LICRILZROW S 4 7 AEHOHEMHH S FBLOIC, E&E LT (n, a) KIGIC L Akt 23 4
YD EEZ H L TFEIN 5,

5.4k = 4 A F—IHEDHRIK & 2EHNECHIR LiTER OB I L 5 KIEORER & BIBFERO
i

6. UG IR b % WL FAMAEE ORE R B 5 LRIk,

TR ICE Wi TR OFEMRES ( AFIEE ) AR,

TNH0 9 LT BT L aNTFOBRITEN 1R IFENTH Y, 2 RHEEAKE TS 52,
TR [ v 2EHE | 3) 5B BEYTH 5 T LRI hk ), & £ C NG ASKE AT, B0
F5l, LEFEBRORNEEE T HROK, FMBOMS Evs, T ORE TR LS 2 Thid—28
B Ta b LEbND, ThDOME, Z22—DFORMICHER LR L 2005 EO FHER
T 5o
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§I SKRER-S5 4 —2 LEBUAH 5% 5,

B1E: )=7 5 7 A, FRF v v F 2, GIEENTa lun, 22— pELORG 920
mm % 2 235mm, 22 Y — b BEEAE 3.5 x4.5m?, E50cm, FRIL60x60cm? o 47
B YEARNEK 30cm, F—HR Y, PE315mN, £ 77T A - ~— FF40cm. ILFERL
B, 3270 EEEHF130cm, FrFABiBAL5Tcme T 7 4 - R 5 bE20cm,
BTHXY , rE315mm, SthiERR, A~15cm/E, 57 4> 10~15cm, &1 AEH,
C— s mAaF¥-, BREHRA Y TR, PEFOR, <), NOE, BEFS 574 BOR
B ~— NI R E— a2EMEIEEFERED, MARRRIRE Y, BHIC L aRitzR RO
Mo BEEHRO X2 b,

5208 ¢ EBEERO L\, »OERYRH E ARIEEORERN %/ NUSLRE OB, MHESLERAD
Ho $hBRkEE DTSR, SBIORRCEMOMERRLICHR, SRS, #IR L,
1 EBRE, HMIBEK, BAUEE, E,=20~30MeV, [,=10~3044, X7 tr, WE
B0 20O ¢ — 4 &% ERE, b FArRT—0—FULENMIEICNBS P—2 € =2HKE,
BMEF € — 4 lCHT 58 EMOBED LB %955, BDMUFIICHEL S 5, EEFEHTFEEOR
PICHFT B e — s - 7=+ OIR, BATFUKEC £ BEHAIRETOIEE

83 EHERAME 2o BIR4ATEEEY 12, BEBERMEREOTFETN L &b, &
BEE= =, P ORBEBEAMEE, wiHd - BERES~HEIEREDO 7 —7 1, 10D-2V= 190
m, 3D—2V~ 5m, 500K, £ r i, 45 FIB2.2mg cm?, VY v AEH,
45" #E 8. 3mg cm? , AHBFIRLAEBHEEEY I 2 V— b LAMH22 Me VALD A v ¥ —
EB%E 16 c./s THEEEALTEVI,

§II HMEEOSTHEY o v e 1 ICRT, BENTO T A ¥—#Lclip AnplCHES
Discri( B FFast Discri) T1T9, ERETFOBREL BAZRIEL Pulse Divider
K#E{ Discri (LUFTz¥*) <&, 45psec v ROVariable Attenuator (LF
Att) TIT9, CORELB/LICITAE, “DO0stretcher CEHT, alTOHER (K
FERRES) OrHbh b, SV~ BT LEAPEEIFRSER b v, 7 HHOBE
I LIRE 2R 2GR Lic, Ay — BB 9254 22Me V ICHN T 5, KBROBERIREFIAL
TSy =DM LY RBERICTKG 5 Y, BHEEUECES > TRA 5, EHOKIET~TH
BRPOBASZ b ThY, FTEHTER N, o EBHOBEOHOX b L, 7ol N%
M3 ICmRT, E,=25MeV, ],=12~604A, =3 nsec, Rep=200c/ s, (aJd ALY

=—13.5db, T¥*5044, F.D.=3MeV, FHEPEMES, DAV *86 #a, F. D.=4



44

KRR = e e B IEHEL T

¥IHOL3Y1S
931N |=-NON

Imﬂuu _.;

H3HOLIYIS
93IN|

aLvo
LAELIN

IR

dWY Av13aq
_Emz:I 378Y13VA

HOLVNANILLY CLA)
378V I4VA dviINIT

EICE) GOLUN ¥301AI0 Av130 YOLVNNILLY
STe] 1IN10D -IW189510 35nd 378VI¥VA 318V INVA
HLO 1M
EIE)
9-1INY
® IONIO) f=— ¥I991MHL JVNIT
suose 34005
H1QIM -0711950
ICREL HOLVN FT)
3ON30IINI0D . 378V 1¥VA -INI¥9$10 4119
ZIINY sif §'L 435704
ML |y oge suQgl= 12
~ HIGIM SUGH = (2
YIS ATUNY 3N CM3o1381s 31v9 PTT) INDT [ y¥3ddIm dWV38d 43103130 4/»
TINNVHO - I 1TNW AV130 HYINIT ¥VINIT AV130 3INIT_AV130[™|39v110A 31v15-0110S

s/ g~



45

Al
Vo (P yoed ‘fuwnaz
FUNHIBAROUFX£ “ NN 2T

GHHE TREW T LN~y TR
‘ouyd
09 oy 0z 0 13g ‘B2jul uoN 135 ‘bayug
T Valy TS 0 ‘ou'yd
LR 0Ll 00l 06 06 08
[ T T T 0
) N . oL ool
-0¢ o, T T i T 0
Uy, - o 6 001l
AWOE 29 .
T %7 T T e 7 O
. “ g Jooi
0 . .
T+ -¢ l\o,_ . 0 T T T 0
-l- .o ‘o oo i
WS * “ L 001
b T -._ T Teeo ¥ O
. ~ 9 “09
uw gy et N 0
NWSZ=3 00 o 00l s « g ool
T qu_i T T T O
T 0 N v Hool
° T T T T 0
. e Hos
T c_oo T T -.”_ 0
ww o7 . .. *Z  q0§
ANINGZ=3 0+*D * _los —— e — 0
. ) 1'alg
o . 12s)ng 0s

YYLREHED £ ¥
mEWE HEHOSGHOH < nx €K

dwp 2497 ¥Z ZT 0 81 91 ¥l Tl Ol §&
T T T T

T T T T

ouyd0Z i .».09 08 09 [0)4 0z oo
4!10.|_|ou|o-|o 3.%{ of.qo «f T
Noo*o«m
PR
G ]
8 Y
L)
L]
utwgy
(9)-0S
'ouy? .09 0
TN T e R AN, o, ¢ 0
: Y ¥
o/ \I L
! o |/
Q [ ]
i
. (x uiwgy
AnvLom
Uy ool 0
o..o.ﬂllooj . &° 0
\ 4 4
oo \ \”
| bt
° d ®
2s)nd‘wis-2 $/2007 =¥
vnoe~09=1
A2NOE =3 .
(wes 1* wwizedoo
..;m.@u«c_‘cozm (D)




46

WELHNEHED ~ £ €
AN Y TR TREH oSGt d

Yy TN FTHD
v K YLEAN Y TREWAF T Ot ed S K
TR - e [dwp 24 €Lzl L 68 8§
|dwp "j21 m.ﬁ N<e m« ,n m m o T T T T T T
ouplZl 000 08 05 o7 0z 0 ourozk 0oL 08 08 07 Ot G
T T hd T T T L] o® @
0- 0.‘\. ! ._-o,o uo
1R 4 IR
» ® L]
® / ﬁQ « }. . ¥
s ,
s oyﬂ uiwy 407 ./ e
125)nd dtr (9) o (9)408
97z v277°C 9L 9L 7LTL | & d
dwoi2. .N — . ' — — J2sind d
0zl 00l 08 0
ou'yod I~lo..||1laﬂ!.kc- 0 u-w o.t!\fm
® of _\.
12s)nd d
) Uiy
-0¢€
. (9
001
L
J2s|nd dwoial vz zz ¢ 8L 9L 7L Z1 L 8
T T T T T T T T 1
ouyd 0zl oot o8 09 0
J‘ln‘lﬂ‘oo T T 0
° .8
DA LR
| Ty
° i
2‘u 4,
M vriQ9~zi=1
g N2WSZ=3
12snd’ p2)piNWIS (®-o0lL




47

MeV, E—ua -5—1tdb, FRSM, (L= F*50ua, F.D. =3MeV, HPE, @0D%5
Alln, ¢ DEBABEZNOEE20HENLLb15L 9K, AN AABEREIERERED b T
N TnbDT, SEMEICE b ZV, EHO/NURATD 5T LERHEOENTD: bbb %,
BR LUy F oy — ) O FRAEEE 2 IEA O 1./1. 8 BE TIEH ICEN , & W EHIE O E*)
OBHEBITOEREEMNTH3DOTH b, B V2O BH R B FICHNEFO L & h=AFIC
¢, HWBE BRSO RIS 2RO TH D, COBERMAETFCHLTE S - LBHICEs3),
Be EHOHRE N4, M5KRL%., E,=30Mev, [,=60~90uA, W= 3usec; Rep=
200c/ s o B0 4@)IIEFHAEL S, F. D.=3MeV, THF864A, Att=—13.5db, (DL
AEIES], F.D.=4MeV, RIMFEMRIEMIE L BIEODME LK) 2ER% 5,14 5 (@) dIFFED
FEIHS), Att=—135dp, =V *86u4A, F.Di=4MeV, (DL F. D, =43MeV, (CHLF.D.
=49MeV, (a)~CIDREALSEEFM U TH AT EIEH3, M4DHFFO L TS r 2OEFEE
FHH OO LCEBRTACERENTLIOT, r—71D4 v =K REREPRICL
2R EB K 30D CH B L EERT B L, Ep=Ey=2.3 MeVULEDKF & afiFCKH
LG AdH/H>20%08MHEDHEGTIETS LT LMD ok, SEO S —7 VEEHK 200m
T, HEERERE10McHS2.8dp, 30McHis5db, 100McD10db THB, TOk.
BICHE LD EHOH Y OF LTRSS OH 2WICRENTE D, AL R EYERMOMn secd
DER 2 HUR O AER THIER ICIFI R FHT D o7, EEROSRABESKT LD T, K
LI RLeE B —ERICB(TETD Y, TOOET L aTFO—BRELRDEHEDED, E
BT OMEES RSN 5, KESSBENEO (17,a) FERET,

HEA, EEEECEKRHNOEBAZENR, £ B2 AL EDIENULL THN = ¥
v 7 = LR CRHE L T,

X B

1)K. Shoda, M. Sugawara, T.Saito and H.Miyase: TUEL-2 (1968).
Laboratory Nuclear Sci. Tohoku Univ.

2)K. Abe, N. Kawamura et al. s Nihon Buturigakkai Nenkai, Oct.
1965, and Apr. 1966.

3)K. Abe, N.Kawamura and N, Mutsuro? Nucl. Instr. Meth. 63
(1963)105.

4)K. Abe, N.Kawamura et. al.: J. Phy. Soc., Japan 25(1968),

in press.
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5)E. P. Ferreira and P. Y.Valoshek: Proc. First Int. Conf,

Peaceful Uses Atom, Energy, 2(1955)124.

6)Y. Torizuka, Y.Kojima and 8.Urasawa: Oyo Buturi 37(1968)
690.

7)K.ShodafResearch Rep. Laboratory Nuclear Sci., Tohoku

Univ. 1(1968)12.

8)K. Abe and N.Kawamurai:Research Rep. Laboratory Nuclear

Sci. Tohoku Univ. 1(1968)20.
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§1 &

BIiaE—TRICEBETHOLOT PHTONERE, T OEMMED e lemontary
processCOWTOMME > HHEL DY, ©HMTLEWE L OMEEACEL ALK
BT B Btet TOPFRO MR 1?3 g n PHTFOLERER R FRAD 2/3%ICH
G5 BN b TWnWb, COBEBRTTHREFH%TLRAHEEME L, B0 CAERK
Lic T REBAERIN T LE W, BOBRBCEAFT TERShATOABREINLEE & b
N, BRRHROCE, PEE TIN5 AR E L T AIEET VN TEBIN TR D, COKRR
Oﬁvc/\ﬁa‘f%ﬁ@%%iﬁ'~;va€—ﬁs 250Me VO, T OERE, RFHOFOKT 5 b O
single pion photoproduction THoTC, KGETEOWD) , (THOLpINL,

I w

T + p

p ton (2)

r +n
7r+, © d%k % proton, neutron2bFEELTS b, {iEo"Cﬂ+, T DAL, T HAF
— O, ERNERESTRANAEI LY, A TOproton neutron OREBFELNS ,
COMETE, A3EE PEYICEL L ERTERICEN 5,

§2 = B

HERDset upDRy .y FEFig. LIGR LR, HIEOT = b E#R®) OBEREKE LTS 5,
250MeV E TIRE LAY =7 » 7OBFE— 2% AL-f011 ( 204510 "r.1)Oradi-
ator T, brems-strahlung{Cconvertl, Cu®Collimator (5mm® X 20
em) BB L TERSEICES, V=75 70BTFE— @ FH30ps, ©— 2D r2xf3usec,
{ DL 200pps, 7THOr—2sintensityld#10° equivarent quanta per
Sec T® b, |

Target IETOTHRE—2LDspot OKEIEH3Icnd T, ¥—saE=42—(dCornell~
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Lead Shield
Telescope
Magnet
: M
A
Monitor

Fig. 1 Set uphgX

type@thick. wall ionization chamber ZHAWkA, out putid current
integrator CHIE L, NFORBL EHEOHEDAIC magnetic epectro-
meter EMnf, Chiduniform field®gdeflecting magnet &, Thitoo<
counter system# bilb, magnetOmaximum fleld((iSkllogauss, gap
L 65mmTd»b, deflecting angleld36°, ‘angular rGSOlutlon(/i:f:Zl
momentum acceptanceldt10% &% 5 Tnh, momentumﬁ)@'%ﬁ'&i@zn 75~260
MeV.,/c TH b,
. Counter system3DDscintillation counter & 1 2 ® Cerenkov
counter LMo Tnb, HED 7RO T x4 ¥F—HE (~250MeV) <, BT bER
LT AHEENFELT, proton, pion(ﬁ‘U%V)decay L7Zmuon ), electron
(positron) BEL AL, ThbOFHbLT 2#AIT A, nagnet CEEE—E O
KFa@AKS E, dp/dy counter &Cerenkov counter L&fink, Fig.1Ts8,
(4‘><7><0.3)*,, 8, (4x10%0.3)kdefining counter T b, S; (6xX12x1.0) &
dp/dy counter &Zos Thnb, |

ferenkov counterﬂ’(8x15><4.5)@j(3§®7ﬂ')54 FCelectron KXIF5
‘ counting efficiency (@ 90% THb, electronice® blockdiagram IX

Fig. 2R Lk, %cpincidence@ﬁ'%ﬁfﬁﬁﬁ?ﬁonsec'ébéo (8, +8,+8;) &

* (heightXwidthX thickness ), #fifcm.
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ENRIENN
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-

Fig. 2 Electronics ‘Diagram

(81+8,+83+C)Dcoincidence TKR4gate(gate pvulsel'h—IBOnsec) %
Bi%, Sy ©dynode pulse# linear gate %@LT, TOSBAC 34000 two-
dimentional P.H. A system|{CKVFNT L4, COEREFig. 3D@)IY OREX 2
RIEOAAE L TN, HHE3-f0ld Tgate ZMNALEDS, Opulse height T
DY, HEEE4-fold Tgate PN EEDS,; Dpulse height T»5, {fo THHEH
LEtN /e delectron KL B30T, fllld Tt accidental coincidence @
gatel{CLbhnoise TH5H, ]

Targetmd, Al, CuTKEIE10x10cm, EXld target BB L 5 ¥ = 2 0
attenua tic;nﬁij'cﬁilﬂllVC&Zﬂ%, FU radiation length(~0.03X,) lCi#i4% ,
HlEEmagne t DR B2 £ L T % 9715, magnet Ok X7 VY X OREERG b AIC,
ERNCIELTER L, FBIERunEE, target =2 YBEn~Tpackground #HEkKE L,

§ 3 E=BERERE

Fig. 4Kzt , 2 oz sxrx— =~z NER LT, BHlldTOkinetic energy, #f
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L Cu
P @ Cu 181 (b)
L P=B0MeV/c 16 P=130MeV/e
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121 12r

101 107
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8, AR BE 8, SANAEE
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+ Sen //'

a e
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= Acci dental

(S14 534355 ) Gate

Fig. 3 §3x~7%rn
@', 0/ E2RILP.H.ADF— A% Plot Ladbp THMIE3I-f0ld0
coincidence Cgate 2l LE DS, Opulse height [C4EY
L, fdhid 4-rola Tgate £t E D83 Opulse heightTsh
B, la), (DR« EH# EICproject Ll & p8; OPpulse height
BHTHL, FHEEE e fire LAKSTEE, TOF— 2ldCut Target
ELTKA p=80, 130MeV./cDIDTH 5,

it counts,(nucleus -4 ) * T, background(%@10%)01%1/5(%1256%7?, b
OREREE T LTha W, BEEGKEREEZDOH TS5,

{a) A-dependence

T D yield ELAALF~% ST 2 —FCLTACK L Tplot T HEFig. 5 ORRICE B,
{BLiftEhityield #4 73 TEH o&fE% Carbon O Tnormalize LTH b, TTTHT
FAMF—fHdetection efficiencyldc, Al, Cull DWW ITELKFELTHE »b
raw data Cplot LT®9, #ICL%bCoulomb barrier, Pauli principle

LDOcorrectionldANTAW, £l Brueckner, Serber, Watson'’ @

#* uCld integrator® total charge®
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Fig. 4 ENERGY SPECTRUM

optical model|C k- Cit&E L%, T (Yo /A7)

(Yc /1273
Omodel TV Tix, (A, Z) 1»bD
TDyield EAERNOETF 1 b—BRICHAER 201

Tx=31MeV

82MeV
THEME LTS, CHICLBLyield
&, 7TOBNCORRICET A factor

185MeV
f (&) #HNT
101
0,=(A—-2) Unf('{) c Al Cu
- +
LE N, TTTO, [ free neutron 4 Te = (2024)MeY
e T, = (34%6)
TORT O production crosgs sec- oTe = (51£9)
tion T, £ (1) AKRTEL bRD,
| 1 P R L 1
1 oA 10 20 50A 100 200
f(==7f Y% 4=
7
Fig, 5 Yield®D 4-Dependence
1 1 1+ —=x
=3 {5 — = + (4)
{Zx x3 x3 }
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VAtﬁ@volume
D: nDERINR A DIERE % T OE#E
x=2R/4
R=%¥%&
ARXEATOTDO interaction mean free path T, EfEWIL, Frank.Gammel,
Wateon®) OEMEL AV, COEF MERADERLBEOHBRTHE L ThaW,
(vl 7 /7" ratio

EREROFig, abRkorn, © Oyield O ( rr_fyield)/( rTeyield) %

H1E Target B2k 75‘/7F+ratio
A, Z, N |Thickness|RédLength Tx cl# A1%7
, (MeV
o] 12, 6, 6 1.00gcnf 0.023 20+4 )L11i023 17214046
Al 27, 13, 14 0.54 0.025 3416 1.17£0.19 [1.2430.22
v 5149 [1.3710.24 [0.8910.15
cu 63, 29, 34 0.45 : 0.037

70t12 |1.0340.35 {1.19£0.29

Bo2RIOR Lk, B LALTANVF—HERTOLit taner-Walker DEEREY
CaTDOn «vvrrrernns 1064002
Aluminium-««-:- 1.20+0.05 at T»=(65k15)MeV
LREOBAT—HL T2, BICHMABRICHE, oloment OMMEEML, st LT 24T
BD b,
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I—5 Activation #12 X 5 A17 (7 =OMg I
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S, 30~60Mev’%?f§?’ﬁstacked foiliklCL bgiant resonancefHER TOR
Rphoton®multipole mode ), Fhkhigh-energy (GEALTHK
L AFEFO pnotoproduction®multipole mode #ANAT L& HME L,

EEROHED, BEZ0.5mmdTad radiator OFIEIC4 nine®Al 0.1lmm® foil
#EN, BETRCEH (54H) Lz, BEEOactivity £4”"x 4" NaI THE L,

A2T( 7, ) Mg? T BT TE A M2 Oy ield 8 RkBBHIDTH D, -

M 1E240MeV CRE LT92 30 BAICHIELL, radiator O # © foil B D
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[ ]
\ . Na (15hr)
]

COUNTS
MIN
T T

10 ! 1 ! | 1 |

1.37MeV EIf 2.75Me VD peak @ Aal2" ( 7,2P0) N2t RLONa?tDdecay WLd7r
BT b, M2 Mg’ ®0.84MeV peakDdecay ZHIELADIDOT, Na®t(15nh half
-life) & Abackground £EF 7B 9.5-nin half-1life DEHRICR{—XKL
Twnb, M3, BRoirF—(CLT, M2 THELhAREERDyiel1a T, U, OHE
Fh*hradiatorgiB®foil A, B%, oflidradiator BRAWEEDOfoil CTO
EemTe AL O A EOMDK & S EEN Fh O DIEDEEEFT DT b b
100MeVTHRH LABED specvtrum e LAMR, 273, Na®*Oyield foil A
LCTHBAE-BELTFY, foil ALBTHEBOHOENKE B S> TVRAHT Epbo Ko
oz ki, NP*Dyield CELTMfoil BTOIDEradiator oD #BIKL 5 3
OBET, foil ALC TOIDEARBEFHRCL>TELADIOT, HlCroil & KHELT
dradiator 2LOFHFICLHA1Y (n, a) Na®* KILONa**Oyield AENEEL D
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o|z A B
§z - H:H a: A ,
alg « 0B Mg’ YIELD
RADIATOR 2°C
100 I
e v o
C
° o
50 o
o
o
a 8 8
o
Iy
Y & s | b 1 I
100 150 200 250 MeV
- 3

nbd, —AH, B3 TD100MeVICHT A Mg2 " Oyield ® A ThHrARIC, foil C THE
DIEDFEEIC/IE L, AL BTHEHAKE ¢, Lo dEOEEAE—BHLTNE T EBDLDRS
corildfoil A, BTOMg2 " ®yield T#HICLHIDOTEEL, radiator 2b,
VI 90° symmetry WCHHEINBFHTFO AL (n, p) M2 RIGICL B3 D THHLEFL
5{2{0-—75\5011 CTh Mg? D yield A4 bhdDEAREFRFICAS T BPHEFCL
BYDOTHS S,

.‘;,;U\J:lOOMeVKbé\VTéNa“&Mg”@yield KL Tah T &Hhb, TD energy Tk
£ (1,77 RIBRIE C o THhEWERKRTE 2, .

—Jenergy #5220, 260MeVIC%bEMg2"Dyielddfoil BOKGDALDY %<
% o> Tnbd, HEEFICL Abackground siradiator OREOfoil A, B flﬁ]u’ézﬁé
LN 100MeV TORELCNbDenergylC b EATELETHEL, H3KHTAH foil
ALBOyield DEKRALZT (7, ©1T) ug?T HEOHICLHMg? Oyield THHLEEX
bo

EERREAD R (BEFEcross sectionBRODLNEZNOT, Walters?) &L - THN
#cross section Do T, aeDcross sectionDffn:, FEOHEOFMBEICE

Lok RDTHhi, TORR, 260MeV CldWaltere®dcross section @ 1.2 £,
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220MeV T4, %R >k, W5 T260MeVETODintegrated cross section
[Z#11.3MeV mb &Z 5k, Thmultipole mode ZRKDBLBICIL, electron & 7
[CkBpion production@®ratio ZHbLbREAELAWVWE, Al DBE, AFNETFHFICA

> T AFEFDObackground x EHICestimate 3HZ L ESEIALT D da ta HHT R

HTHY, mode TRV ABNEBED L TAH1T5 Tnkin,

X ED

1) HEfh, SEHFFREHRE Vol. 1 Nol 26(1968)

2)William, B.Walters and John P,Hummel, Phys. Rev., 143,

No3 833(1966)



60 BIEEFIge 4 VoL, 1 No. 2 Dec. 1968

I — 6 K @ Decay Scheme

BB - B
ML —#T e AKKBET . FREE
LR PE E

§ 1 Introduction

46K F 19664EM. I. T.OParsa and Gordon') KIoT, ¥cald, @) REHb
BEANK, BWECLHE, SKOFEME 115600 T, **ca KRBT HTAOT BAMHI
T b, FOdecay scheme db|ARINA,
46 0gEProton magic (20) T, neutron configuration (fapp ) DD
. shell modeldiE)h LA T, XOMEEMIHES LIFICRKROSIHMEELL N
5o&ﬁm@m%fm<pq/),(d,dw3%“0a<up)*h*hm(p,t)“f%&ﬁ
i bhTnT, HABECHMAELNATNSEDT, fT-spectroscopy T, MEDOR
WAIEETTR W, TOEBEERENL CLEELERTD S,

<

§2 = B

78.4 BConrich ANk Cca (& run COPNT10~156mg) &, Max. 45~65MeV O
BremsstrahlunglCk VAL, *ca( 7, pn) ICIVAETH* K Zchemically d
At LCHIE Samp le 21F o/, BHEEMIE1S, 24, 62LELT,  EThIC LD T~
spectrum DE(LEHE N, TOr-spect rumld, 4%, 3;'¢x3”NaI(Tl) ”
scintillation spectrometer|Ck hillE Inrss, TOMERE( 8% )pbphoto
peak 25 T4H ICHRELR T, FREzHERIBONERD -/, DB, HHE40keV ~at 1.3
MoV D360 Go(Li) HMIRIEC L hBIEEITE 5 LAHIRTUT ORAMEOH
B, Fig. LC6HBH LA O Z 4AMAE L A0 3EfTZ>T, ThbEsun L
# 7T-ray spectrumZ/pid . BIC, 6 HBH O sample ® 9AHELL 4DHEE L T -
ray spectrumdRLTHA, LICE~NARIC, 1, 2, 68BHOsamplellonT, §
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67 EC4AMAEL, tNOEDr-ray peaksDdecayOkFz @~ T, H250
decay &/RT peak & *KICET 5 & Lk, Fig, 1 ORF (8flke V)2 ENTH 2peak
# ¥ KDdecay T-ray bassigndNkdOT, HFOHEATEWpeakid, SKICEL
TnTd, AHr-rayDone photonXiL two photon estCape peak TH5LP, K
&, fELCAERT AR5, k¥, K*, K*TRE BT 530 L HES N B EEaDon o -
gy portionllonWTfTabhAa®s, Fig. 1, 0.5Mev;5.3MeVVcov:rt L e —Fl
Td5, {LT* CallETHLassigndNkr-raysz Table lRT, iKit, <

Table GAMMA -RAYS FROM %K

PRESENT PARSA & GORDON
£ (xeV) relative E. (xev) relatix.re

T intensity 7 intensity
595
650
785
1235 6.4
1345 100 1347 100
1420 08
1435 1.2 1439 3
1675 3.5 1670 5
2060 45 1780 9
2285 5.1 2274
3020 2.2 3015 10
3710 1.1
3735 21.4 3700 31
4075 2.1
4230 1.9
4520 0.6
4950 0.4
5160 0.5
5280 0.1

D 36¢ce Ge(Li)@efficiency“&%ﬁﬂfbfcfé@ralative intensity (1.345
MeV T-rayZ100& L) ZdRLTHD, CDL345MeV 7-rayid, BIEDF— £
MbHT, lst excited state-Ground state transition T-ray T4,

DTableCRL%oenergy DMEE+3keVT, relative intensityiX 5% LD
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Fig, 2
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BEEE2bNb, X, HLBEORDICM, I. T. Group ORI KL%,
HBHE, BE L-ray DRUEH OREIND T EHBENY, HEDactivi tysSBIELTW ‘

ABAICIE, subtraction DREVBZ(RENB AN, ¥Ok®D, B, Ge (Li)EHED

BEEEZFAEL T, 1.345MeV photo-peakZsingle channel P.H. ATDOHE

%, COoutput%, multiscalling modelCANAHAI400ch P.H.A,. Lk 5T,
D peakDdecay TRl LA, COBA, 10sec/chilesetdNi, »{ LTHEINL

decay curve @ Fig 2R3, long 1ife componentZsubtract LBk
46 K O BHAIL 95+ 580cTH 5,

thbDdataz®HCL T, Los Alamos grouplCLb (¢, p) reaction ©
data“&%%%l,’ciéﬂ_\‘i’cfoﬂfcdecay scheme ZFig. 3ICRT,

§ 3 Discussion

decay 7-raylWlDOWT, present datadbM. I.T. GroupDE, EHFILOEA
b < BIGEERBETgEIC LA MiC, EALAcce (Li)MHEBOKEs IRUHHEE ( M. I. T.
Group®3 DI 20keV at 1.3MeV)CLBIDTHAH,

8KPDdecayid, Fig. 3& TablerbLHABRIC, 26 BiX, **Ccad® 1st excited

state~decay 354, 5080keV~ADrfood dILEHIRN, CD5080keV stateld,

8 (p, t ) LEBHEIN TR Nstate THAHPS, Williams et al. Oproton X

RZMAFIETHEH, 5080ke VORIEI, 1*COMNelastic peak BIRHNATHT5080

keV peak DHEE XA L\, #IC, 2425keV 07 stateld, ' 1080keV 7-ray

peak DFELZNWT Enb, TOstate ~NEiE{ L feed LTWWAEWV, 2nd 2t state

3020ke VICHBEBRA 7241583, TDstate. b @ de-excitation 7-ray

intensity ratiold,

THH, thidfrn shellBOUEERI neasure 255530 TH59,
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I—7 R.I.IZX 2R — "“Rb gk (**Sm i 3

B E T ARESIRE . AR HE 75 D

HINEH

§1 Rb opiE

§4Rb(half 1ife :330d)DE. C. RIS BEICHS 1 OREL b 3% Kr 5 OIS
REETFHNK, 5§ Krag Eplsub-closed shell 38-2, n:closed shell50
20%TH b, FABIEOCH—BH%E L TLOMEREOHEICOW KR ZHANLE CToHE
7, FHC2na 2V DRET B T IROMEL D Tonat, st Tondot o ground ot s
Tcascade THEITHLEVREINIINICIHLF 2nd2T—> 1512 B B K B T2
multipolaritys¥A&E2 pure TM 1 E<<1% :MEINLD) BTob, [ERICHSE
BOBTHS 2152 WHATHE Tondst = Iistot/ Iondatogromd =~ 2 T d 2 45,
2nd2t— 1st 2T EBICATAnultipolarity (HFAEM 1 pure TE 213<<0.2% T
B,

8¢ RO DERES RO (7, n ) ¥ ROUGIKE ok, ThEPBRICLZBED B # 2Ky %
target L LZTNEEZLZWOIKENtarget ffsourceDpreparation BALET
»5FR%HT S, Rb, Kr isotopes®natural abandance RUFRb(7,2) x=
n. 2n, p. pn. Kr(p. n) BUSICE DEERSN 2 AL TOMRINILE 1 RIC RT £ 5T
b, Bremsestrahlung DT x4 ¥— 2 @SICRET LI VRD( 7, n ) KEICL 55
Kr(p,n YRIGCE B L b3 pureZ 8 R #1585 T & 03HISkR S,

RDNO3 ~50mg & Erp,, = 60Me VT 3RS L 3 Ak, AWK 10cc © FH O Ge
(Li) BB THIE L2 * RO ORBICH S 7 MO~ 7 b v E 1HIGRT, 88 Y OmIc:
9898xkeV, 1836keV riflEICLAdetection efficiency #FIALTrE04E
XIREERKOD L, 875keV(100), 1005keV(0.5), 1885keV(1.0) DEHRESN L,
Tondat sy stot/ Tond ot o grownd o+ = —5- O BHR S N7,

RO CEEr may & P TIT, 7-7 BEMBEORIEL Y 2nd 2t — 1st 2T BRICH
TAHE2/M1 mixing ratio ZXK& 2nd 2T BFOMEZ HN5,

i
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#2% sSm isotopes®natural abandance & Sm
(p.x) x=n, 20, p, pnBIGK L YERIN S

69

B OB D
Isotopes | Abandance r.n T, 2n T, p 7, pn
ldt.gp 3.09% | '*3 sm 1m 42 9m 72m 3 pm 2654 |12 Pm 34n
o 9m
Tsm | 1497% | ® sm 1.2x108y 145 9m 3404 146 Pm 16004 |14 Pm 18y
145 sm | 11.24% | T sm 1.06x10''y| % sm 1.2x10% |'*7 Pm 27y (1% pm 1600d
149 gm | 1383% | '8 sm 1.2x10'3%y | 7 sm 1.06X10ly |48 Pm41d |14 pp 27y
' 544
150 g 7.44% | " sm ~4x10'%y |8 5p 12x101%y (149 P 53n |14 py 414
5.4d
192 sm | 26.72% | ®'sm 90y 0 sm gtable |'"'Pm28h [150 pp 27n
154 gm | 2271% | *3 Sm 47n %2 5m stable |'°3Pm 55m |92 Pm 6m

C®%QKM.%2§Kﬁ¢w<,‘QSm
(7, pn )% PonRIGIC & 5%° Py (hals
life=27h) @\ contamina-
tion &%z b, " sn OB ILTH ©
HIsE % 4 726

Sm,03 ~100mg % Ey,, =70Me VT
1RIREH Lk, 7 MOBEEEMD 3 6
ce®DGo (Li) MHBEM - CIT% - 2o B
LbNkrBOR~7 v 2% 2 HICRT, (4)
EfEHE 10nin, BEHBHRESL O3OT
b, 1 HOBROEIEH L 640ReV, 1576
ReV r s 2 Na KEBF B LE2 LB,

Thig, Th-tn221Mev(0t)—>157
MeV(2t), 1.57MevV(2t)—>ground
(0H) BBICHLTLIOTHI, DL
151 Pmgy OEERAES low spinehe
DL LERLTVS,

AEOWPRE Tld natural sm 2EHL
fefed, 13 oNIPIERE L R o ons, &

HHFlenriched isotope '** smu

142

60 NdBZ

B3 2 sm—*? Pm—42 Ng OfEN
COREHAR O—EL Table of
isotopes?) KL o7
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A$f§5?%féb.éﬁﬁﬁ¥@maﬂune-nmemﬁmfﬂ.%bgmdanmﬁﬁgﬂ

ATHH 9,
2YC.M. Leder, J.M.Hollander and I. Perlman: Table of Igo0o-

topes sixth Edition (John Wiley & Sons, 1967).



.%’lﬁ RbRUKrDisotopes Pnatural
abandance &Rb(7,x ) x=n,2n,
p’pn’ Kr (p,n))iﬁf\VCI DEEE‘Zéh

71

BHE%MED A A,
Isotopes | Abandance T, n T, 2n T, p T, pn
85 R 7215% 8¢Rp 20m |3 RD 834 84¥r Stable|®¥ Kr 1.86h
334 Stable -
8TRD 27.85% 86 Rp 1.0m | 8% Rb Stable(3®Kr Stable’3Kr 44h
18.74 1076y
Isotopes Abandance P, ™
Kr 0:35% 7 Rb Unknown
80 gy 227% 80RD 3458
82 Kr " 11.56% 82Rp 6.3hn
758
8 Kr 11.55% 83 Rb 834
84Ky 569 0% 8¢ Rp 20m
334
88 gy 17.37% 88 Rp  1.0m
18.74
1)J. P. Roalsvig and K. J.Casper. Phys. Rev., 138(1965)
B1378
4 142 142 142
§ 2 ﬁzsm—) 61 Pm_’ GONd Eﬁté’é

COEBRICHRWTE, 'E Pud STHEICES rBORIE L V' 45 Nds, OMEBEMZHENLC
ERMEG Py, OEEREMOspin, parity @RDD L ERBI,

142 Nag, (HHEFEHS820eingle closed shellBHETHY, T ORMBSRECHIIEZ
HEr%eT A L TCEE%L infornation 25453 0TH 5,
BOBEERTHCEBRBETH LD, FHEANLNTHE N,

LB TFClR~NA L 5IC
Table of isotopes?’) ICLAE*2 smO¥EL73min *2 Pnifd2s06c ThH b,
ft>Th-7 spectroscopylCd 5> T8 Ndg, DEEER Z2FHN5 LD, 2 smE 4
ThCEMEENS, LbI*2smid, $ Lcharged particle OBHIC L 5 TAE KT
BEFhEe PusSRACEHELE Wen §iNd (@, 4n)%3sm FIGIK L5 Lok, £
CTH AL, electron linac#b®high intensity bremsstrahlung &/

W sm( 7, 22 ) snIGIC L 5 TR ko SEOEETEnatural sSm ZRFLL .



72

R
N
WNm_llllx lnlr“.~ * P — -
T P
_ .‘l/qﬂo%.-. e
B0 ljggr -z ¥
02¢€i—~ »ékﬁmr L
9272| wr S
I I .,...JJ.W..HI,
! o
4‘\... ..oﬂ..
028 . ' L
mmmxlﬁnm -
Sl h]bﬂnn , i\hﬁ
ov9 ;N\ \cx
g !I‘IDHH\I“?OlHArla - T ac’ Jw
3 .
. & vu =
c¢ e 0°° gy
O =t T
)ﬂ idw
— ~~
< m
S ~r
r_.h I T S S i 1 T VO S S 1 m:_nh;r# 1 T_____ L 1 (o)
e SLNNOD—

300

CHANNEL NUMBER

(WFEHE 10nin, BERFHRSLOIOERT,

U2 sm ORI S riBOR~RZ b o
36cc Ge (Li)MdziCL b,

2K



EEME SRS VoL, 1 No. 2 Dec, 1968 73

I—8 Sc*®, V*o Decay 2 X b Tit o dEf S

mES HBlh—Hh - hH

it

§ 1 Int reduction

22 Ti%81d, Proton, Neutronk diCf,,, shellll® b,z LDouter shell
nucleon OHBHEHE N 8E#MZ shell model TEXOEMREELSBEINT, X, F&F
HiCEk A% collective model BHEAINSE IEL bNAEW, ZOfFEEORKE DN T
Dehell model LS (FHE') T& A»DOHEZICL ViT2bNTEWE, —F, TitdD
BREEORBMEL, BrohHkTaANTHbH, BIULTH, Barnes et al?) (1965)
(Ti*" (d,p) ) Dpaper i, ThETDOreviewHRINTWVEA, ThLl# , Matin
ot 21%)(1966) (®Cp,p’>7)), Brown et a14)(1967)[5‘{7(p, a)l,

Yntema and Satchper (1967)°) R(fBernstein et al®) (1968)( Ti*®

6+
48 6% 1
227 3507 0158 021 ——’6’J§$
T 10175 3337 ~~==—w 3363 - +
1834 67] 40175 3332 ,__--,———-\ & P
3. I \/ ’L 4 +
1212 | [1037 A /’ / o '(Q'L k‘: N ¢
K 7 ffe)
S,y 0.939 |osgh_ ¥ <0 &l
// J 2+ /\\-7\ \\ Nig
+ . / 2424 +7 No\ N "
4 2295 7 //__—2295 F‘Q r’\% N 4
S N A
NN NN
> Lo, NN
AN Novow
1.312 ‘7 NN o
/s RN o
!’y v ANA\Y -
//// Q':.; AN Y
+ +
2 983 . +
0983 ¢ 0.9833 2 \, N\ 2 09833
\
\ 2]
\ ™
0.986 \ 2
\ S
ot 0 0 ot \ o 0
.48
22Ti 26

S Fig. 1 Ti*® QEEAL, PREERIGHS Bonkd DT b, &
A FHEINSr-transition :
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(a,a’)) n EdfTrbhTnb, —4, AT Spectro scopy OFETHHLLThrbNTH
§) | B Ge (L) RHEEIC L BHEOBWHES 445 DT b, ThHOS  OHBEE
atas LCFig. 1IGRT. Chh bHBRIC, BRTdata, Sc® Ddecay RU VO
decayd bBLNLERICON TEDLDOEALSI LD, 2424xev( 47), 3004xeV
( 0F)YR1F3363keV( 37) stateldradioactive decayhbllfeed LTWnEWN,
cocid, HE Oepin KU parity KIhLcHbBHLEADNLY, HLERV B
b feed LTH L WeEibnbd, X, Sc®pbreeddd 3507keV state i, £0
epin parity#5 or 6+rEbhTHY, L L<5TH5%H3363keV(3T)state
D FeedBRLNTY LNEEL LD, COBAC EDD, CNETLIREOSUEET
%97%bIE, Pig. 1ICEH TR LAde ~excitation T—raysﬁiﬁ,ﬂjéﬂéﬂﬁﬁ’ﬁtzﬁé&.

CFOWMERIESN S epin parity assignmentsﬁ(ﬂ:’cﬁfg@state DB % DD

TEMTELETTD A,

§ 2 Experiment and Results

natural vanadium ( V®! 99.8%) %, 65~40MeV Max. BremsstrahlungT
FRE L, {L¥#EC LY Scandium& Vanad ium 7 BEL, FNENO fraction KOW
’C,v short life activity®decay#iL, sc*®, sc* EUweakzSctt e v¥8
2k & CONTEBLNS (VO RU VA dvery long life T, HOHEWEno 7). 2
Lk, vV (r, 2pxn)Zi()f( 7, 3n)ﬂﬂ‘VCI AR L, Bremss»@Max.EDB Linac
mbDOElectron energy &4 5ACELY, yield DEMND DTN T-ray
agsignmentiCAWnLNS, BalaNiactivitieshbD7 %, ORTEC 36¢cc Ge
(Li) Heih2s (S fRE Ak eV at 1.33MeV) THIE L7, Fig. 2ICV*® 22 5@ 7 -ray
spectrum%, —hHFig. 3KSc4sz§>bbr-ray spe ctrum’&ﬁ:}o Figures @
peaklcld, V¥ KU sc® oftiiimaxed ‘activities?b®peaks &,one photon
EUftwo photon escape PpeaksBBbI TWVHDT, ho®EEL TV Ritsd®
DdecayllETS peak@ energykassign L7%o EIC, 36cc Ge#Higs® photo
peak efficiency #X¥, TN bDpeakslDOWT982keV (© 18% excited
state?bDde-excitation T—ray)VC?‘iT%*ﬁ*ﬁﬁE%:ﬁfco zhpsTable 1 IC
RLTHD, Fig. 1&Table 1imb, VRIKOWTE1212, 1440Kk0U2421 keV
Onew 7-raystfBbihik, cOTEE, V¥ Ddecay#253633keV state ”n b,

2424%eV ( 21) state #®ECground state~transitionFT AT ELERLTND,
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Table 1
48
PRESENT RESULT J.KONIJN et al.
Er (ke V) rel. int. (%) "Er(keV) - rel. int. (%)
annihilation 110 | anninhilation 98
927 - 07 929 1.2
943 7.8 944 8.0
982 i 100 983 . 100
1212 013 ; 1218
1316 97 1311 - 99
1338 0.06
1440 017 , 1438 013
2245 2.9 2240 2.5
2255 =02
2421 =0007
2650 0025 2650 0.06
gc*8
178 . 8.9 175 94
988 100 © 983 100
1043 98 | 1037 98
1210 21 : 1212 : 2.5
1310 100 1311 : 100

Table 1lCE, Amsterdam Group DfEES’ ”bﬁib‘fézﬁi, HED deta &
present datallid—HLAVWESR D5, 1218keV poakllOWTHEIL2240ke VD
two photon escape peaklassign | /%75 B4 EEADr-sources WKDOWT
HBL AR true 7-ray peakébassignlk, 1338 Rif2255keV 7-ray OF
FERAEENTHE, CLHEE L E~Doenergy TIH2260keV peak T, Thik 1316 +
943D sum THAHZ EAsource intensity RUMMKA4*ELAHEda ta 2 LEFES
nr., |

§ 3 Discussion
FEOERL D Fig. 4IGRT Sc*® RV ©decay scheme sfEbhi, RHEED %
spin parity TROLLDICROFZEAE 2T % > Thik, AL, #l2d J( A—»B) %

state Apbstate BAO7r-transition®OBELTHE
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Fig.4 Proposed decay schemse
Table 2
Ex(xsv)| E(r)/E(ry | exp. | M1/M1 M1/E2 E2/M1 E2/E2
3642 26501212 0.2 10 1.3x10%* 31x1072 48
3519 178,/1212 43 | 3x1072 4.6 49%x1078 6.2x10°
3241 944,2245 27 | 7.3x107% 31 2.8x107° 1.2x1072
2421 |1440.2421 >26 | 0.210 80 2x10~* 7.4x1072

I(3642xev(3 or 4+) = 982kxev(2t))_ I(2650keV 7)

J(3642%eV(3 or 4+) —2421keV(21)]

J(1212keV T)

COintensity ratio DEE(EETavle 122602 THb, —52650keV v K& U

1212keV 7r®multipolarity #ifXEL TMotzkowsky estimation #11% - C,

ZOHEEDLE Table 2ORTHREME B, 3642keVA4T THHELE, TNH2DD
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transitionsE2:ELTIVADbintensity ratio 48 T25dFTTH5, L
»L, EREE02THY, COCLE, thb2DODtransitionld, E2+M1Onixed
multipolarity RO EBFHEINSDT, 3642keV state®spin, parity
E3t+assigndNnb, @EICLT, 3519keV state 6T RIF3241keV stateld,
T THHLEEL LN S,

2421keV stateld, BRGdata b2t EEL LN LEDT, ¢DstaterbdDetop
-over transition &cross-over trans ition OBEHLZIEE CEKD & 5 [
ETH 5, KRIEH»S

L= 20 ¢ 2= 21) -+ 94

2T = 0H)
—7%, Motzkowsky estimationdfnb#EssL2t—> 21 trangition (X35%
M1+65%E2:%5, cOf@dColunbia Group®) @ (pp/7) OAMEED % B# £
E2/M1=—0.18 tidkzx<{&9%, toOffiidsingle proton transition IKHTF
CHETHE0:0, TOEIHET L DI IKBTRND BN, REKEL DT LEM 1O par tH348
MKENWEESCLETHY, TOBKEI K ICshell model nature ZFLTVEEE %
5,

2t 2960
2t 2421
" 2298
4t 2010
0.18%:0.007%
(963:3.7) 96 - 4
+ l
2 982
I 2t 890
100%
ot \ 0.0 +

Ti8 Ti“®

Fig.5



80

KiC, TiBr YHMEF2 42BN Ti* KOWTDO Bartol Research group®d Ti“:
Cpp'7) DEBER®) LB TH 5, c::hyé;ﬁig. 5T®»5, second 2+ state 25
@r—nansyunnn,thbezoe&wcmf,#ﬁmx<wkﬁ&%tfmaoc0c&
i, T2 @ETRZ 5T, Ti** D Low-1ying states WHLBAIBIAMEEALT
Wb EEL L, FECBEKROSHC ETHA,
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MoP( WS AWK ) B EDE2— %8k, Al, Ca, Fe,0,, @-Fe,05, MNP
RBBBEISAAR 2, VKB EANTER IR, BEALB20=90" 04
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§ 1 &

BFV=T 70 LB7 0 2CHET LBEFETEFIAL, TOPE X hhET B fTo- £
—v%B5C LEMERELBD TS50, PRFEMIZIKCELCETH D, ThELEDR
WD b CEVFEEIN o SEIOERIBEMRE KV SHEE (KL ) ITHL, EOREOSEE
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Zi7E (POF) 19 9m % b, IBROIO (16m) #BFIMICHE b¥l2RAENIREN O
b, POFOEIEAvADOEE L, AEOEERFETRIIBOR IR & LHEICRRL,
FEOn b, REOKE T2 ECHELTRECEI RS b, LHELZORE (L) EnHRDE
4 hC LEABRTER, FERICE N TLEREDE X (405¢m), Zv—> O BBHRZLED
a5 9n &% 5T
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¥ 2EA 35 VAREDOBE b B D, '

rA—R S LTI DA, POF/\DVC@%’J 1 0mm OFHWE B o POFOil/IOmmHg
BECHEZICR D, )\l:lljjm;tOme@Tzv\ﬂi'C,saéé = T THR L ko

BT 2 —4 » FKIE EPOR ADOMICEH 30cn 0T B3 b, BREBENORKES &
5 BERHEE LT 5D,

2 -2 EHEIR ,

T OERICE TR T =M BF, KPIFHE ND-5884-908 XA ND-5887-908% /8
Lo B 34cnE, BEEZ64cnETHISND 50mmd, 900mmHg©96%&%{{a’ﬁ?B‘0F3 23
SBTHY, Sy 275 FEHMOBELINWLDOTH A, BiEEEAVIHEREWIEEL 4K
umm, k1 1 RFIOMIER LM S € T v 2% ND TnterfacelC % 5, HIERA

REFAE L %o

%X&©%AK@®B@%T%AXEﬁ@&%t~A%f%ékﬁﬂa%< 2 b, G 16
AOND5887-908 %[ 21CRTin< 8 MHICREL, 84T O Lo T IAKORELRE &
LTND InterfacelCANb, chik20=90"FTdA2, 20=30"RCHLTEH K
ND-5884-90s 16A%FERICAREL, O 2R/HOMHERZEL TND Interface(CA
h %o B ‘
Nb Interfa‘(‘:ea;tiflMc@7k§%ﬁ%‘}}§%§£b@f‘°ﬁ/z&&&ﬁ[/’c4,&8, sps, R x16
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1100
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TuBE :1
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41 nBEA SAMPLE
TARGET Z
BEAM
Z §§§§ ;
2 %‘
SOLARSLIT W 77T
L 600mm
W 10mm
BF;
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P A LA, Foisc.— LE ] CcomP

1 BT A %R

2 HHEFTFAAEE
PEFE—2@dA LY, EAEHEE 254422 o by TORBICHELREE * 3 <,
20=90"RU30° O 2RI K 7 R /-5 ) v B L & 8O B, &
SHHI bR B.
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(r¢)* 144%x107%|196x107°% |76x%x10~% |31x10~8
AL, (BF, BHECE, SPHETHIEA) 3.94cm 3.90cm 370cm 3.0cm
AL g(FE¥oKREZ) 40cm 4.0cm 4.0cm 40cm
AL p( BPEHEEME ) 1.6cm 1.6cm 16cm 1.6cm
4r/1)* 33x107% | 32x107% |31x10"% |26%x10°
(d0coth)? 90° % 81%x107% | 81x107% |81x107% |[81x10°
(d6coth)? 30° % 575%1078 | 575%x107°% |575%x10=%|575%x10¢
2 2 2
VT /)R UL/LY + (4000t 0)P | 602 | 176x10-2 |1.37x10—2|118x 102
(90°%) L
2 2 2
V(z /)2 +(4L/L) +(Mzggf¥> 27x10=2 | 26x10=2 |26x10—2 |25x10—2

2y = ERNTRCOL 9% EMRLT, FHRRICHL THBEIETT2—HCThb, O
BF a2 v "~ FRn2WEREOFIETS 5,

2-5 Bt

TOFETHAFFEF X~ + v TEETD2LEND 5, AFFHETRIZIZ Maxwe 11 4340
ZL T30, EFV—20BEPETOBRPIPEIC Y VELOTER®ULE LT 5, MHBICHE
ALz LFEILBREHRE M, =), M, BF, #20EI2RALICLT, EEAETE— 4
a5 Lk E—aBBE% 1/10 0REICH LA, <—2 + OMOOMLEERME A4 1T » 70O
B, Ty FEA L LR ot BROIFER 3IGRLK. TOEHFE (1) &k, (A)DE
WAMEMA T ENEETH D, BIC, Th0RY » VA ETEOREESE 50 50 M5 NE
BBbo ZY» bMELT40cnOBE(ZOMTTF 42— &HELL ), KU 35cn ©
BeEEbfo TnbEN My aTIED, SEBEEEETEF LML A2 0 ERBI0E U
B @R LCOTS o/, §3T RONLRELEMON—HORREBAT 5>, FICHEL
PUFEFRIILABE L2CELY -5 XY » P REFECEEEZRAWT (1) 2HE L, B
BRTO b 058 b, |

T-0-FHRCHEWTEBEL BT ANEEHZ (1) A*TH LI bNDBTECE 5> Tn
B, §3OWEMRICEFATRALONS L5, FMILEEELT(A)A* 2 LrciEn< b
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HEY LB bhb.

§ 3 MTHP

3-1 BEEAHEREE

EFSORE Ko RE 2 COEEE CAETE 202 WO KT H2EMNTSL, AL, Ni, Zn0
% EDREE T oo ChOERIsOETFH (F 2 5 —fA) RFIBRTHEINTRHOT,
7 — 2 EEEE O % AERRCTT 5 7o

SREM 7, a, 0 CRTC & D TERN %52 — Y3 bk &40 2= X IBR ©
3O L I —HK L TH VAHEBEIFARE TS (HNBER ), 7—#EREER IBRICKEL T
E SERE TS5, RisOBEFFCENTEF 2 » " 2HERALTNWEDT, F2 » "EEREE %
O~ IBOALTT—A2EOBNES » P ATORD, &R PVEBEY — N4 THT LR

-

642
731
533
620 531 311
11

000 70 333
551 1
! n

i

14441 Laso B ! Nk
’! 533 i b 400 [

,iuﬁ ‘ |

Chennel number ————om : ‘
— ” .,-,Md &___
T T 760 4300 T o

Inteasity (orbitrary units) -

"t
!

1

Y § p—

8 IBRNAXPIKLALSiIKKR L2~V

TEANW(HIBR )0 AR L—D0EEHEE (6000rpm) TRANZ MAOERBAIEHNY 7 —
TE&%, 6000rpm OEERHEE T 24 BlF — 2% B o TWhWa 0Kk OEBETEEX~XZ + + €
b, FRECEHH IHHETLELT LN TELOTE Y BEDOT — 2 EBMEEND B LR~
Do 7o 8 LAWREHEOHK (BAPEFEZT HEEM ) Bk  OH 4EREZNS L, BEL
SROBEAFABRE TH 5, ALOMFOBEWILIBR, Risd, TohokutllA~<7 b 1@ H
RIBORAATHWBIT, 9275 FOED EIRRONE, ALOTFSARERXER IS
<, 398°KT»AHDT, TOEBEALND, AMLERETHALHERFHRICLTHR 5
P 2= EE T, clCAELke ERTESL EARIC s 2752 FOEAS£— 23450 L
BROE— 2B LR TnBENLT A4 - 7—5—HOENTNL T LERT,
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Ditfraction pattern for Al powder
Seattering angle 80°

m

Intengity in 3 howrs

23 8

Diffraction pattern for Si powder
Scattering angle 90°

an
v

tntensity in 26 hours

20 b1 0
Wovslength n R

B9 RisSETFRF 2 - kfEMLAAL, s5iOHFKSF—>
(6000RPM T 2 4 BEfH] )

S 4 Y — 5 —AOBERY Multiplisity OEE% T, AFFHETHE=R~27 b ri(2)
A% %00 72 3 OTHMEL L CEFTHOMATRE ¢ ERE S BT 5 L, I+ 6 ORRICZ 5,
Reliability R%Riso E[Alfk

o TP PR O
2
2]' lFobs¥

TEE L Ol ERD o ,
W, 0B, hkiOBrags RHORARE LR AEEE LR D

o JIPRRL oy

. + P
Eﬁki—]yz(mkwlkk;p 751030

Thbbhbdhb, TCT
g =#BOKARENEHMICL bE V =BAIM OB
j=2EE
Fhki=RERT

g 2w =Debye-Waller factor



TOFETH I —ETH 520 bEERFOHEMATRE 313

JIFhEL]?2

£

obs

hk &

J(A) A%, 27

FLTRDBCENTE S, AL DOV TIE11146511+333%T,

5533 FTOY—2COWTR%RKD%,

#F6 BERTOEMEKRSTEE
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SiloWnTIE 111 2

A1 (EE)
T

Rkl | ACR) |masE | P (mB) | (1) | L, | EE
111 [ 3306 | 3486 0924 1568 | 0909 | 1.0
200 | 2863 | 2860 0902 3124 | 0682 | 075
220 | 2024 | 4786 0811 1113 | 1425 | 15
311 | 1.726 | 8110 0.750 1875 | 2930 | 3.0
222 | 1653 | 2460 0.731 2034 | 100 1.0
400 | 1.431 | 1392 0659 . | 2441 | 0777 | 075
311 | 1313 | 4775 0608 3413 | 3490 | 3.0
420 | 1280 | 3637 0593 3562 | 2890 | 3.0
422 | 1.168 | 2936 0534 3838 | 3460 | 3.0
511 '

)| 1102 | 3053 0494 3953 | 4780
333

Ri11u333=971%(hkZ 111~511)
si(=il)

Rk | AR) |HAHMEE | oW(HE) | i(A) | jFa | jFen
111 | 44336 | 2252 0984 504 | 0357 | 0.333
220 | 27145 | 6463 0959 3884 | 1.00 | 1.0
311 | 23153 | 6423 0944 7682 | 0936 | 1.0
400 | 1.9198 | 2692 0919 1317 | 0514 | 05
331 | 17617 | 5250 0905 1170 | 1.032 | 1.0
422 | 15675 | 8717 0881 2378 | 2090 | 2.0
511

) 14778 | 4929 0867 2752 | 1314 | 1.333
333
440 | 13574 | 3137 0845 3248 | 1.021 | 1.00
531 | 1.2980 | 5875 0831 3525 2143 | 200
620 | 19141 | 4646 0.810 3841 | 2084 | 200
533 | 11710 | 1920 0.797 3854 | 1034 | 1.00

R111~533=3.88%(1 11~533)
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AL (HE)
Ako | BARE | o~ (T=90"K) | (1) | jFa, FFra
111 | 4343 0968 1664 | 0913 | 10
200 | 3350 0957 315 | 0669 | 075
220 | 6187 0917 1123 | 1.447 | 15
311 | 10852 0.888 1904 | 2923 | 30
222 | 3420 0.878 2111 | 1.00 | 1.0
400 | 1862 0841 3053 | 0698 | 0.75
331 | 7696 9.814 3525 | 3.64 | 3.0
420 | 5709 0806 3563 | 299 | 30
422 | 4854 0772 3879 | 326 | 30
511
)| 1285 0.747 3953 | 451 | 4.0
333
Ri110335=8.0%(111~511)
zno (2E )
bkl 2 Tape | o= | $(0) | jFos | jFon
100 | 39781 | 2203 | 0979 38 | 1.414 | 1.442
002 | 36817 | 1617 | 0975 54 | 1.000 | 1.000
101 | 35007 | 1882 | 0973 70 | 1.100 | 1.182

102 | 27024 244.6 | 0.955 212 | 1.355 | 1436
110 | 29973 | 9552 | 0938 395 | 5539 | 5296
103 | 20890 | 10478 | 0924 545 | 6535 | 6401

004 | 1.8408 | ~0 ~0 0003
202 | 17503 207.0 | 0.895 964 | 1.526 | 1.263
104 | 16707 | ~0 ~0 0005

203 | 15455 6932 | 0867 | 1330|6301 5627
210 | 15038 2760 | 0.860 | 1432 |2621| 2230
211 | 14734 | 1750 | 0855 | 1490 | 1741 1828

R=68%(100~211)

AR TERMENS K E EHINAEAN S 5. BRELT (L) ORIERE,
i s— b bO Background DEF & EEZ LN b,

ZnolOWNWTHE Ris 8 DEFFICFNTODE S 7 A — 2 — ODREHFEE L {fTbhico K
EDF— 2B RisODIDELBLTELEIRL TH LA NOTRIBRICEERENTE 54 F°
Thb, LhL, ChICHALZFEELELETHOT, REFT> TRV,
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WAL RiIsOIEFENTILZROD ODAIEARS 2A— 2—DE L LTROBER D% £ 70

Zn0 hexagonal 2n(0, 0, 0)&(%,‘%,%‘)

00, 0, W)B(F, £, L +u)

©=0.379+0.003
kD& 0.360<<5<<0.390 (Wyckoff)
‘ ©u=0.374 (IBR 1964)

COMBOBERED TOFEOBMEEN L 23D LELL 90

BEIC Y 2HTEEDOE D LT S M BEFNRETELC LR ALOR TIEGEIN Do . 5T
(BE)HTRTIODTF A BRELZHETATETD - A RHICEDHLE, EHTE AL 5 %,
A1 CDOWTCTIHEBE TEEFRTH 5,

3-2 BESKERELIRO AT

Ell ()OO CaFe,0,(#25cc) IZKURR®IRR-3(T0G) TR E—2% bk tDd
LR THLDT, ThOBRBTOS N 2—r% tok, MARIRIC, 20=30"FCEHE D
PERER L ZWHA—IGHEEIC L TWw5a (210), (120)(120), (110) Hebdss 2~—F
Bohic, 59 27 52 FREWD, NI ETEUHELC X 2B % O, FKEPHUET 5k
RRETE R, 30 ROMEEE L, 100ccBE O A+ BAEL CHBHEOLER D 5,
A-Feo,0;3 LCOFELHELAWETD Y, TOE— v 3BWo D, DARAHENTE S LS
% BDTEE

SEEHICHEL 2 MnP(#30cc) KOWTIEE 10 ICRT, FE2EELLH 3 DBETE %
o BEBEMBOSITRIEREE OB TICER LRIZERThh i, ThixZ03 % TOF &
WCERT S CLEERTRE VW, SHECHEETOLENRS 5,

3.3 BEEHOEE

T4y S—EBEFERET1IELZ WL 4EO BT 51+ MR AEIKKE L, S0k
ENL S CGRHAT 52 VAT, CulfifiCHT 5 BERROBIE & MnFe ORSHESF HERS
ALHEETT > 7o

3-3-1 CuBjksid

11 cuB#EA (110) AR (S 2nn, E&20mnn) MO LGRS L 5 ICEHEE 2 A
BLCHE LEIETS 5, COBSITE, 1 OFHEKE (L, 0, 0) REHR, .2 OtHE
ik (g, 4, 0)RHEPREZI LY, COMEFOHELERTHNEIDTH b, ZO & O
fCES 5mm, E£20mnORO cu BER (110) AR B HCEE, 3K 405EE T H



100

COUNT/2HR

o

1274

- ‘u-« ¢, Mﬁl

‘ H .
I

Ay wmrs‘ e
JE e

5 i

EEIE 2 B, RRORENEL (0o
R OB 3 5 A BEUIR T ICR L,

10 BHMnP¥ERSL2—r

kRO AT — A= MEbh A b 57 2mm B

CDED LD LS ICESRELERED DR VRKE (RHHCTh Tnb, 0oL 5% T
ho 1 oOERE, BENRTHLEELLALOTE Y, EI0RLBEETAELTV, TORW

£7  cuXERORE BE
Akl | A(R) | FATE | BERE (a1 (1) W)
200 2554 53.2 118.1
220 1.806 100.0 1.00.0
400 1.277 93.8 527
440 0904 28.5 104
600 0.851 20.2 "6.98
- 800 0.639 3.1 1.23
660 0610 3.5 097
R A UEDD b, RETOMEEFEL TN,

5‘5'2 F870Mn30$%5%
BER TR TS S FeqoMnso BEERE (111) % EsHEC LTI T3 ROREE 8 X %
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FIEICHIE L TEOR %R L 55 BAITH 124 RIGR LAERB T 3SEOEHE 2 BLCllE:
Toke BUN<LLOSRHFR L5D3 DV TH oV ERD setting 2 23 b < 2.7.>
B EEE L. 3EOFHE CRIE INAERE 1 DD 7 700 d 012 T, T
O LA 422 (G LB WREREE 21 1 BPBEIIh Thb, 3 DOBXKICHT 58K
AR S TRIK G —CA LT D LE 4TI WTBS 9, |

COBOPEIC AP Z T =4 £ = 2=DBBBETH 5 C LR L O THEEIC TN iR
L7\,

§ 4 @ #*

TOFHEIC & % itk FEPTISAE Rk & B L CE OB BERADRETE T 2 D L TRk ¥
KL AR — v e &ME S THERETIRABAREAFTH LR, MAIFEO—2DE—2
R EHECHE L2 92BERd2 VBRI EREL 2V, .

SEREIFIC Fa v ko7 TOF L hAREBO 5 4BF ToHon 2 c Bz T oME T2 <,
BEHAEMEB L AL IKT 2 LEKD 2, LOdF s v 3= @BELNDDN Y FRART 4 &
—THLOTEERERE —EOUETYH— N1 TEZ W,

F a9 =% Oh ok TOFHRNTORILsO ETFIF, A 2F IBR LORBICOWTHE, —I&
Figure of Merit(FPoM)FT bbb

roM=0Q, 7?2
=T HE(EFVv—2KRE) TO7 I » 7 A
T =% =B
TEWEDLT LRI SRHICES T
k5492 IBR(1kW) : Ris6=1:2:0.2
(BLWOEETEAENWLEBDN D, RisODF 5 » N—0E S\ O LERERY o Tn b2,
TREFFOPUT € — 2% EORBERNCOD: > TnEDPHLDPTENWOT LOLBADE V1E
BTER N,

FERLAABOBRFEILTIRIsOTIRE100cc BETH b, TIIREROEFICHLEL T
BEYENERDbND, BERELENETEZWICL TS, BRERTETZO L SICKE 2SR
e (BEROBE X ThBERE ZHABELEEZ W ).

FIY =7 » ZICEBFEFEEIRL TENWIO TR Ve FRIC30:00b bFTHY L nFOME
FTOEFUFEBMCARL TNELTEEZ N, M 1ICHATPOF XFREFRES - » &
BB ECD b, HAFEF LA =L POFICATH L TnE, CHEEFF L OB, F ©
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— L2 FTHEALVELDENIOLERbNA, L, TOFEOFHITT, EAEOSE
WCIEEHEA > TThR o

HEoCEFU— £A—DBHBH/NEC, BREFOALAMERELLET, 75,72 0ET% K &
TRNIOC LT EThH, THTHERLMML 7HE, BERCHFALTFOMR LS &5
ZHLAIAINBRTES 9, BHRICY =T » 2%:ERL TTF > HACRIBHT 2. 7k,
F— 2 IR ON TR EH BERCH T 2 THAL T LS, BHICHLZ 0,
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I—2 TOF - A+ RPrikiT X 2 Bk

IR - TE" - &/ - B2 E
Att—¥ - EERAE - /LUHIE
SEHERE -EL B/ - ®E FE—"
B A" - EFH—"" - LW =ZH™
el N1 :

§1 F B

BEOEAW Z BRI OBILPEF A~ b vE@E L, ch bBEMYEORFHETICH
FTHREET VOFUEEZRT H L TROTERE TS 5,

%ﬁmﬁ%mx&ibw®ﬂ%@,%%,U:Tyixwx¢ﬁ%ﬁ&T0F%ayRX«ir
A= 2 LERNTE IN TR,

—4ERT, AME TOFFUEFEFIELCHTSDiffraction Peak®decay PR HY
CHEELTWAT EL D, TADRBEENTOZOFES TR v £CeT 5 PHTROBMNEEE
FLTWBC L FIERL, TorpHEFEIEC S hEEIRERILANZ P A3 BoNh b2 L O F
fEtEE R L 7o | | |

ATRURIERET ) =7 » 2% AV XPETEE LT, TOP FEFEFEIC X2 BRIK 7 B
R~ 27 b L ORIENERPICTTIEI S0 2 ERWICIHR T2 L LI, HEROBILEZDILT
b,

AT AR S E UL ) ) 0 At ROBMEAER (LR <2 b VR Lo

§ 2 =BRFE

2-1 hiEFE
m%mm%ogmﬂyfxfyﬂ¥f;r%ﬁé,U:T;ﬂ&E—AI$w¥24w45mmm
E -2 ¥ —a B 75mA, SR 20~25usec,  YERLBBEE50~100pps TiEEL %o
2.2 WEHGE '

i) B~ ) v akR .
HEOKRE XL 20x20x20em® T, 1mmt D ALRE I 0.5mmt DCAMTHEDONT Vnho



L06

RS OFETFC— 2B [HFLE 5 X 5cn?OETHE 10cn, FRFLOX~<7 1% BB
I olkLTwnb,

i) EAkR

HBEOKREXF20x20%x20cm®, 25x25x7cm®, 20x20x2cm?, CARTHEbhZ AL
2 JCA>TnAh, ¥—af|HILBMZEOHE 5cnd X 10cnF L 5cnd X35ecmTH o
<o

2-3 TFlight path

HIRCRTED,

T OERITIREIL 9.45
m, BEM OBEEEE Rctd raRGET PR
18, BEERBIHBEMORBED Q@ g
Lahid 2 Thb, e
2.4 BEER

TOF T B HFELCENT
1%, —o0KFAECH L TEHRK
DE¥—2 F TEEFICHELID T
LB TH L, A7 ball] .
DI IR BRI E O = 30 ¥— BICO N TOREEBS & EDZE LWOT, FRCHT
SERIR D % < O b ORME L A B L 5 CHFESEE+ » b LT b,

AERICHNS BREG E LTHROFHELRLTRD T ENEE L,

i) PHTREOBS L VEEROKE IRMRLZTKE, PHETFC—20OHHE (5x5¢mn?
EEICLNTHHT &, , ‘ ’

i ) %B—EORERTILERO T A A XEBRNAETELT L,

i ) Bragg angle 02320>90" ¢ Wi HzFARCEHERTEL T &,

V)=EYA 27OLRYOKREIVELTHHT &,

P EOEE*ZEL, SLEAFERES T ki, SEIL, 5x3x0.5cmD A1 BiERE%
RAlke EBECRWAKHER & €— 27 OBEOAMME OB FREE 2BIKRT,

2-5 TR

PRI = A BF, I E ND-8554-908 €, E#E50nnd, HXHE 240nn,
B, # AE900mmHg, B'YBHEE 965 TH 5, B0 £{ ®Bragg anglellD\n T
B BE B0, 4RI % AICREEERE L. —RERTTHEMOY b ¥ (CHT 2%

SONNNNNN

Al
X TAL

A\

MODERATOR Bf;-3

BFy -4

NARNNNRY
°

4 TOTAL PATH LENGTH
9.45m

1
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b 3
o

!

(degree)
8 & 84 & 3 8

Settmg An’le

8

2

BhO—HROBF, # v > 2 THEL, 77> 283 ¢— 2 CHL TRECEI L, &% Fh 2
NEEANBFB DA, THENEE, 74 X2 )3 2— 2% 5 L, 1024F v 2 x 4 24
LT FIAVFIELRIND, 24 8T F 54V EAY 2—7 . 4 AEB% £ C TOSBAC-3400

BT 4 OEAAETEME A 54 THRATWS,

§3 HE#HR

3.1 Be0 (20x20x20cm?) &%

TOF X~ 7 b A ORERERO—FIEHIM, 5 4MICTT, £ AMTHE 100 pps il 0% o
111 ¥—2 (4361) BIHELABLHEATAS,

HO T AANFRERES HEHE B R OROBIELTT - o

i )y 22759y VRIE

i EETLE—20&EX VOWMIE

il ) TOFX~<2Z b kb TOFDEF|E

iV) Time resolution.functionlClbdresolution O F

RBoniex 3 v FRFRERI = ~ 2 b v (BERID ) 258 5 MICTRS

T FREREE X N 27 b MCEHIERO T 5 0 FIRGRIEE 2 MIEL, BEM%E -5 A LY,
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511

W Target Pure Hy0 Cd Cut

BeO 20 X 20 X 20cm reemtrant Moderator
260 Mev X hOma i2usec X 100pps

AL X'tal 111,222,333 reflection

20=80° 3

180min , 144 X 107uc

'68—6—:) Run-1 Area-2

it touss PR

1024

8 psec/ch
#38 Be0(20%X20%20cm3)DTOF R~ b 26=80°
255

Bh—4-13
Rea |, owa ¢

1024

4 Be0(20X20x20cm3)DTOF =<7t 20=140"
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BRI B LBERRAE T 2 L 2 I ]
BeO (20x20x20cm3)

7 b ABBE N D RBERD T 3
N FARGEIENRIBESD =« 3 ¥
2~ b AOEIE L DB 7e B

o
~

ANZ b ELTHE 20X20%20
cm® QEKEROW L 2~ 2 b
EMnte BHNABEO 20X20
x20cm® (KRD FLC BT HERH
RETIVEFRNT b A%E 6T
HRWTER £ & IR,

3.2 H,0fFE

| I T .

il

NEUTRON FLUX(arbitrary units)
o

. S N *
. th TORF X )
945m pathiC k5’ ~ b 00043eV/'\.
7 b v OEIERRO—BI% 20%20 L 0011 -
x20cm® O & IKOWTE 7KK o' o
0 i 1 i
— 5 —80°% 10
TFe H8KNIE20=80"F Iton 0 20 A,BO 720
time(us

TRy Z 7oy PLAEBIDT, K=
* ¥ T ORPBEEHBEOK T
HOLRTdb, BHSMEELILIC
M EETTAOFLCE IERZCHT bRk 44n path AN TELALEKO build up

and decay % XTI,

'%5 BeO(ZOxZOXZOcms)hVJIfﬁﬂF’—- .
WRERES A

4 5
41 BeO 20x20x20cm?4&% (B2=0059%9cm™2)

FEAREE OBEN CEERORE INDHME ( ZOREDOBuckling% (B2)*LE+ )MTF
AINE L H B & bR TR OB MEEEED = % v+ (C B 5 A AR C R &5,
B L% BT LA BRIICIEEINT D, Beo TiE (B2)*3#50.03cn~2TH2=0.059cm?
BERHEAEER T D B0, S RPHETHEER (die-away exPeriment) T EHMats
4D 2.5~ 3.0 f5 A2 BE RS CUE B O SRRE AT 5 £ SN Tinio B5EHLHLHAEMC, &
OEERF > THBBEICHEREASZ P VICEEEL TWARWT L33 b I AR ERE OBragg -

Peak D ETAHICHEFR T » 7TN I BANRELNS (FOMEE ).
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1 ¥ Target
Pure water, 30 X 30 X 20 cm Moderator
Al X'tal 111, 322, 333, 444 reflection
Semi-log plot

1000 — '68-6-13, Run-3, Area-2

1 l

T

8 psec/en

8 H,0( 20x20%20cm®) DTOF x~<7Z b
29=180" mys7myh

H,0 (20%x20%20 cm?3)

T=310t5K
0.014eVv

=\

NEUTRON FLUX (arbitrary units)

1 i 1 1 1

0 20 40 60 80 100
time (us)

HIR WMAFOBRFBHEFODUIld-up and decay

111



=13

255 R 42

1024

255

¥ Target

Boreted water, 20 X 20 X 2cm

260Mev X SOmA, 2ussc X 100pps

Al X'tal 222, 333. 444, 535, 111 reflection
60min. 65.4 X 10 pc.

‘68-6-13 ,Run-4, Area-4

e

10 Borated H,0 (20%x20x2cmd)w TOR X2 b
LFE80°, Fik20=140", 450ch0 &0
peak kX VirfEAEE KD 7o
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LTy 220 ABTIBREL CBAT B & bl 1 % T B CH 115 BB R
HESHICEWTBragg peak KIS v 7 ahimlFEOdec ayliZiRE L Wz & 2% 4
B L %o ’

4.2 BKEZ

BEKOBALRIERICE AL D, TOFF 5 » 327 b o2 — 20 L BEEBKE R ~2 b 1+ 0
EREETD Y, ERF— 23D TLE L\, TOF FHFEIFIC & 5 HERd RS O Bk
PELWHETLL N, BRICHMOER2LBLYRH TE 2, AEH O BREL
£ C. HONWMAEBED F 5 v ¥ X~ b rt— 2|C L 2R L — L T 2o

BIKOEBR TR AR b v 2 — 2 OBMBREL RO CTEETH %, 945m path OREISHE
BEL KT 27 B BB (BBR30e/0) © 20X20x 2 cm hROFMF R HISE Lo 0% R
L., DOSRALE ZANF —DEDENTOD E—2 X hhEFOmEHEL, BECKS 3+ 25
BOBEROIAER M0 =1.5%TH oo LdoT20=150" FTIF001 eV Ik 016V
FRETICH LSHAMEELK 344s 3 XU 1148 TH oo fto TEAROHETIE 3 LIc/Hi
REZTH L TBLLBMBT D 5 510 HIIMEREL KD 57D DRIERET S 5,

HIEBEICHHO 44n path CIAEBREFBL OO L0 HAMENL 0016V L F
016V TH1TusF LT 624828 TH ¥ —EREIE0.016V TH1L.6us,/m 01eV T 0.6
us/m3EL N TNWG,



114 IR ERE VOL, 1 No. 2 Dec. 1968

M—3 A RETENC LD A4 A AETONEIE (2)

o EEER - PR
SRR - EHRA

@

TR 54 FORBCEFEERE TS E, FREVPLEOEFRLVEMRINS. AIEO
52 VEBRIC L »C, KC1HOFHLE, HBICHT 100 sec ITFORBMICERE i T ¥
A Lke SEIOEBRTE=EDHERERKRE 2 TOF FLOERORT L, BFHETBALCR
Bt bR (SRR i b4 T B RDORE EEL bhba ) ERE Lo

B RO HIRE 5 A BTE O & (EERIEHR S vol. 1 No. 1 1968 YeBsRIhk\n, B
LEKOEE® LNT 2 TF ez b &, BAOUMEETR o TEDHRE bo

SR OHEEBFM 1 CFEF. LINACHALDsingle electron pulse ZfhARICHSS
LT, *OBICHSK%E7 4 v #— (IRD-1A: 850mﬂ.U~—F®fﬁ§@7‘ﬁ%i§é&ho YL T
) 0m A= EA—CAR, FNENEBEETZT 5o £ O cignal dEE s —7 AV TEZHIE

Oscilloscope

trigger input

©
power

linac

signal supply
input | ¢
beam
5 monitor ]
RCA 7102
photomul
monochro
sample meter



FETELNT, Av XTI -7 TEEINS.

<] R
B R UFE, E 3FRBERCL2FEHBL ko LNT TETHETEH LARED 54 0mu TR 5N

OFMIZ( R 2 (CGRT. MBIk optical density ICE->TH5DT, FHRLOEEICH
B+ 5, B (2) X LNT THRBECHD TETHEBHLARDO IO TH S, (b)) IELNT Tk
#5005 0ETHE B LARIc, BELRE2C I GSaLA Mt Ba Xt % T
bleachl, TORTHULNTIKIELTHAEL 23O TS, TNHLLRO=ZDD T & H*
E4 2,

B0, SREIFLWAR, FHRLA50n sec (ERLABFEOM ) MRICRRD #E I
%Bo

55200, ERLATFHRLO 5 bOMEI A 50 sec ORFERTIBET b0 T ICH 5
Hepl (0137 ) EBEEA LTI T 5 30 L BN o |

5310, FHLOHEREDER & XN T\AAK 064 s6c OB THINT AEAD S50 &
DEBS S L EHIC £ 2HBHKE ¢, K20 (2) CAFBAERDRTHAWS, (b) €
BRECHbNT D, BIET 2 BERZA5E, COMEHEEL % 525, FTORTEF F.LO
IR IE S B FA R REICHE b A BIC K3 EOB6 DBEE(L bR th—BF 2o # R BRICHEN
BRIOEE OBREE( & SFh—FT 5,

T G RICE TS B L BICH b N 900ma ~ 1200malc BT 25EORMEN 0F
B 3WFET, decay time FBEOLEA LHKEL b, TOBRFEHAKRT. TO
B, 4% TICHEIhThD FhRLy FATRE LABORRREOS G OREL L3I —
B3 2o 2ABINOBE LHIEL T, EAH LW LB TR 2HEH LAk LT, 2toR
B D E% - TEEIS Nk,

B BT 2 & FHROERO S8 ) OFETERIND L EbR b

S — O ML E TR LA EFRHCAR TN, TORO—EE D LA L TBRT .
OB LD tine constantdi50n sec LHRIING, FOBAICT dbATE G 2HE
MO L C ATBTH 5%, —DOMEEL LT, BFMED O 2 FRICETER LT,
010 AHETHMEICRUEL, BICTHRLEES & bEL b,

OB, ETHENC L > TT 3B 1+ B TAICET A ST, FPHOOH
—REEREICZ b, £ bEERBIGEL TP RLATE 2R LELON L, T ht 064
sec DRFEMTEMINTWALHEICHILL b EEbNh 5,
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INTENSITY

LUMINESCENCE

DECAYTIME OF F-LUMINESCENCE (sec)

KClI LNT

— KCI

1 | 1 1 1 1 1

80 100 120 140 (K°)
TEMPERATURE
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C Ok R BER, RO % BTSRRI BE LT, P R0 OSBRI 5%
ETHEERAD EThb, cNLOBEENFETERLDOE, 50nsec EWNIANE TR
M2 AN THERHELALDLD TS S, |

%%K&Dé?ﬁ,anc&éﬁbfTéokf&%K¢%,ﬁﬁ@%&%@%wkbéfo
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M—1 ""Ca %4 RI OB 5005

IR - AR R
el e KT OB - BIREET

1
BIEERRRER I 2 v a3 LU ¥ CalBfEra v v a2 ANt Ca OEMEIC 313 B384

i

OB EFT N, 2 CaBfirry v ok fink*8 ca(r, n) *70a, 48Ca(r7, ) A S
tTCaDRIBIC L2 CaDBERTRET S 5 & L %R, AEEFILKERLEA~LT Ca Ot

T2 57wt Ca 28 L, fFET*° Call LBHLRICON TR EMEBROE N 2B
7o

2 H®HEAHE

FIRIOR LM E 304 CalBERB I L v v a1 0ng 2 RET ¥ 7ACHALE 3 X
Z LINAC OFIEEEHE 45MeV, 504A R 15028 CENTE 4 6 EHOBHETE oo B
Rk, FEEOERIC L vt vy v s PHBH E T 57001 1 REER 05m / IO 1R 7
SEIE L, K CHBEMERALEE VR L, EBRTEEICHE L. B Lesbbidl ng
OKCED» L, THEERTH5LC & B BEREHR OB LEAPRRB LB 2 R ICFR T,

1k B CalliEs oy 4 O

1:% E 4-Oca 42Ca 4308, 4-4-Ca 4"608. ‘4‘80a
GEE%) 209 015 0.03 049 0.02 784

B2k T ca HARE

/A ~9A25H 58150

it % % t7calCl, kBHK Bl

TR LR 99.9% LIk v

Pt % CaCl, 15mg y
HC1 =~ 0- v

o Re R E =60uCi/1m/ ~204Ci
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3 %Calc & ?dF%

T Ca FILETB * Ca OFREA P CaBf™ BEHKRTD Y & e RFBHIOHFRERE « DX
%Sk L Ca@ﬁ]\%éwéc EDREERTND, 5 A15 BHEBEHHE Kon T s R
(343d) MWEACHET A2 TH100 AHKEL, /- SHEETT2 o B O BRI
1234+ 055cpm/2mg*® CaCO,y TH h*PCalz*®ca BfEH V¥ v a% 45MeV HIBEEFR
THRELAZBRCEERLZNWT L5 @Dk,

3 ga AN D +7 Ca OMELFAIMBE 2 KT 3¢ 28 Ca FICE T A3 Ca XL ** Ca
OCr, n)(7. pn)BIGIK X5 *2K (124) E*3K(224) T B, BEFKTHLO BEEO
36cc Ge(Li)IKXATHUEIC IS AN b vEEIBEICGR Lo *2K, ** K € L AL
BATH Y *7 Ca OHSLFRIMEZL 999%UETS 5 7,

4 13 R

*TCafABICEEL, *SCa g h L v Y 2k WS MeV HIBTE S B ICL S **Ca (7, n)
7 Ca RIGIC & 547 Ca O BEE*° Ca OEY0ME BSRERE e S { BHIZ SLEHE T H 5o

BEHELRLY Ca O—MEEFEBEYFERELCEEDECFEZOMRRICIE L,
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OI—2 FEEEIC L 3 RICDO TR

MEMMAE M HR - MESEY

EBEMRRE - FAE—

SHAICE | 2R E 30~T0MeV D x H 4 ¥ —$HIRT (LA 2 b SR TR UG BRES L feo
B R B o 22 B B AR ARG B L A8 E 2 B TT B x SOOI LRI
WL, DR OB BIE Lo 35— 2— 5 bTE 4 DB TRE LB E—
BlE LT 1 ICOR LR % Bk, S L, T 3—2—OHBRCHE LABERTENOET S
BREOSEDO T~ 7 ERBEY 1 L L TFRLA

RICAEACAT o e ERBER OBIRE L N5 &,

i) z=12~170Mg, A1, Si, P, S, C1 X phNa—24;2=30~320DZn, Ga Ge kb

Cu=64 OERBERBER L OBETEEDE 47 O & FICHKBEMICEST 5 L o7

1.000 ™

0.010
0

Ermax=60Me V

1. “Au(r,n) "Au;7r 0.356 Me V
2. %Cu(r,n) ®Cu;r 0.511MeV

3. *cu(r,an) ®Co ;7 0.810MeV

1 1 1 1 1 | 1

2 4 6 8 10 12 14cm
E@:yx_a—ﬁ;r‘oogﬁﬁ )
M1 mv.s—z—h Lo LIRELL
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(2, 3) chbORRE 240MeV THERLIBE Z=9~16 L h F-18 DEMD 5\ 11
FCERLABAE Na—22 %2 Na—24 DAERICR SN S L5 EAFET S 5,

()

RIEOIE% KO 4 O#RE B o ,
i) Ti®»2WEVXbSe CaDERMIKELTHE1 OERYBx,

Zn, Ga, Ge, T1D (T, pn), (7, @), (7, an), (7, apn) & EOHBER FH M

F£1  Ti, VIbYDCa 8ScOfENELEBEFBEOERT F 4+~ LOBER
;
200y, n) VO3 BAERHIRER

BB | R 30(MeV) 45(MeV) 55(MeV) 59(MeV)
Ti 457§ 46x107! 43x10! 53%x10! 4.1x107!
" t4g¢ 5.4x1073 94x1073 9.9x10~3
” 46g¢ 41x1072 4.3x102 40%x1072 4.7x102
” 473 ¢ 1.5%10! 1.8x10~! 20x10~1 2.1%x1072
" 48g3¢ 6.3x1 072 1.1x10~2 12x107! 1.2x107!
" T3¢ 9.4x107° , 2.2X107%
v 48y 9.9%x10~3 4.3X1072 4.0X1072
" 46g¢ 9.3x103 10X 1072 1.2x10~!
" 47g5¢ 30X102 6.0x1072 49%x1072 5.8x10 2
" B3¢ 3.7xX10™* 2.3x1078

v

T ZOFTETED (7, 2n) RGO T 34 F —IREBICE L THEE2 OR B %,
g Sc—450 (7, n) RIGICHIT b LEBREOERL & L TROBR T B %o

30MeV 45MeV 60MeV
Ym
— 0152 0.156 0.160
Ym+Yg
#£2 HHETEO (1, xn) KIGOWEL
Z O B B (r, on) X & © &£
(3:;‘(\;},,*\:-) 7, n) (7, 2n) (r, 3n) (7, 4n)
Y— 89 (45MeV) 1 52%X102 2.4%x1073
n (60MeV) 1 6.1X10—2 76X10~% | 24x1073
Pr—141(45Me V) 1 L6x10-2 19%10-2
” (60MeV) 1
3.7x10—2 1.7x103
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V) ASERIE

TheHmAKTFAF—20~4 5Mevw%@5§5§1ﬁf?§1§ LA%BES5r—95, 97, Nb—95, I—
131, Ba—140, Ta—140 OAEREEEL 72,

Ll AR T 3 5 BREIIC S Ch e 3 2 FET 250
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M—3 b8 T R L5 BT 0 BE SR

g @ B - MBS
B4 fh— - R TR
% ER - WA

¥ A

e (A TICHBEIE 2 I L e Ui T b7 ¢, 855 bos ek BABOTE BICHIF L7clL
SRR, SE, BEOEEC (7, n) KEEFABLANE RHICBEE . 2O YRSNES
B OB £ K IEAICC0, N 10 B AT YD Ry, Rb, Os, G4, Tm, Re, T1% EOTE B
TR Lo

FAER G % B (IR T 2584, BRIGOMEE, RIDNE, $iE2EERoRCLTE e

(T LPMETH bo Thife SEAT A A+¥—20~60MeV T T5R VOTLRERAL, T
DR R e L, BRBRIEIC XI5 & EREFHETE FEHBFOREC L > TEB/ON %
WERRE LN, M1 IKEO—EER LK. (T, n) RIGORERZEFEESOHM EFICKRICE
b, ThiXPrice, Mont albettibDIFETRIEIC X afﬁ%ﬂfcﬁ%&—;ﬁtbkftﬁrﬁ]&
T, LEWEOKRE X LEEL, BTETE68MeV EFNERREELS KE (kBABETLE
B REL R bRV, (T, 2n) RIBELE WMERKE WD (T, n) FGIC H A~ TR A3/

X<{, C, 0TE20MeV CERIGHEDL % he (7, p) B 2=2 2T CRRICE 2o T OfF
BAKBFREC LB Weinstock bORER LBE—ET %o (1, pn) BN (7, d) RIS ©
WEREIC NS\ (7, @) KIGH CuBHF TR kOB 5 4 70

BEXDRS Kﬂt%%fjﬁz%ﬂtﬁﬁ%%#@?%wﬁBéﬁfﬂ‘l%ﬁiﬁﬂ) (7, n) RIGEFIAT 50%H
T D be #MRAIRE ORHIEVAED, %Fﬁé’%ﬁ&%&?5%@&?%%2&%7:%&%73@5%%
Ry, TOHWTHEREY & o/ HIDEEBITTRICHEKT 5&%'&?&@0)@%& r#o¥
— s EEY, REEL L’C%ﬁ)‘]ﬂ L ATEICHkT 5RO ¢ — 7 HfE e Ak &L"C%ﬁ”%ﬁ‘éo s
B & I (L ORAT B A, A8, WEOREOEREMEICE b, $7
L EEE DM LT R e 2 BRI ERD BICHS % B SUEHCELD He1E X1

1) +wvriaREETRLT D eROEE v

AsHEKT 3 %— 20MeV OFIBIEHHTHELRLAHE0511, 0596, 1L.11MeVICHEHEX
WEBC— s BBE ANk, THLF—RUREHEL D As—T4 OEMDPHER I N, 1.1 1MeV



DOE— 23— Th b,
BHEHTrROT A v ¥ —% 45~
60MeV &35 &LFTAIC 0835
MeVICY — 7 03HbhAs—T2
DERNERL T, MILEE
10050 As—T75 L b (7T,

n)y (1, 3n) RIEK X oT’

As—T4, T2DERTHT &Y

P X Mo
Se (Cld 6 T D AN FAE
T BH, cnEFERICEN Lk

BE, 20MeV TR (1, p)K

IBIC Y 5T As—76 23,4 5MeV

<k (7, pn) RU (7, 2n,

EC, A Icrn as—T20 t
I BB LRk, L oT
Se R FHMETR L LCAHML,

RIS% B b+ 57 IC20MsV
OfEEHECER T L E
L, SombiAmi+s As—T6
D 0559 Me VDT HRE & &
#¥ELTAas—T74D 0511+

0.596MeV O 7 $EE %= 8l b
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108

S
T
[l
o
B
B
=% n
1035— n)
- P
i )
Lotk , 2n)
: . pn)
L . n)
101 L 1 i i i Il L 1 i L 1 ] 1 ]
0 20 ‘40 60 80
B ¥ % 5
* R RER D
¥ <Y I D AD
B1  20~68MeV FIBEBHMRIC &5 FIRKEK

AsEER 7o As/Boe &Ry, As—T4/00—76 ORFERICRT 2 HHEELER | &35

L ER 1 OERE® R,

#£1 Ry & R, Lok

Ry(as/Se) Ry, (As—T4/28~76) Ry /Ry, FooB
1.168x1072 808x10™! 1.45,%X1072

5192x103 3.46 # 1.5 7 (1.4,40.02)x10"2
1.042x103 7.17%1072 145 # :
4.925%x107* 335 147 »

8517x10° 573x1073 Ldg w
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" 2) RberyFULEREETERELTLEYY 2OEE

RbZ AR T FrF— 20M oV OHIBIES TR L 754 (7, n) RIGICL Y Rv—84, 860D
% Blo T aa¥—%ECKICTL (7, 20) ICE D Rp—83 %450 10 b RAEZ
PEEFFORENSDTEA V. STTE (7, p) RIGIC LY Rv—83, 86, (7, pn) KL I
L URD—84, 86 DAMAR bk, 20MeV TIXRD—8 4 EAEML &l HIC20MeV T M5
32 e LICL, BARED 0511~0553Me Vo ¥— 2 HfiA bRv—840 A1 Bk 50511
52 U315, chai s LCRo—8 4 (CEET 5 088Me VO ¥ — 2 Ef%RD R EER L%,
2 ICHORREET %,

%2 Ry & Ry LOMR

Rw (Rv/8t) | Ry (Rp—84/Rb—83) Ry /Ry, B
1.299x10~1 216 59X 1073 | (6053+0.13)X1073
6.230x102 10.1 61g 7

1.550x1072 2.67 58, #

6.865x103 - 1.14 6.0, 7

2399x10—* 3.90 6.2 7

3) =)ITFYEREETLRLTL =47 OER _

Nb—9312 100% HEFT 57, ch# 20MeV OFIBESHHTER L <56 0934Me VICEE
EHEC—rp@EIN, (7, n) KIGIC LD Nb—9 2m OAEFHHE Shie Mo lCiE 7THOMH
GRAEIEL, 20MeV TIEND—9 1m Nb—95m Nb—95, 96 QAM% Rio HICMo—96D
(7, p)RIGIC L o TEKT S Nb—95m@0.2351\«16V@7‘{;%1:°—7EEVCWL, Nb—92m O
0934Me VO E— 7 ERE W W PEEEE L 7o FRER 3 ICHFET 7

#3 Ry & Ry, LOBR

Ry (Np/Mo) | R, (0934MeV/0.235MeV) | Ry /Ry, F o
507 1x1072 4.88 : 1.04X1072

2811 7 2.75 1.0, # ] (1.05+£0.02)x1072
9.326x1073 8.91x10~1 1.05 7

2112 # 1.95 7 1.0g -

4701Xx107* 4.37x1072 1.0
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O—4  IT, 67, BC BEEOREHULE S (2RI R

HEE b K&k B fEeARA®
LR « &= sy &
=% TIE - #E B
IR FER

SA4F, 2ICE > TELRABIHEEEO &, 7 b 2 (ORI, TORIGHEELBRET 2
DICEHRITH B T LB, FIFEEOTHEEIK I VLM R ok SEIE, ThSOBREHIC,
TRORICOWTEHMAERE 212 70

I 20BHAV LD (r,n)RBIEHES tEHmHR

VAN ¥ ﬁA% 30~65Me VHIBIHHMHET 20~3BERIBET L, *2Cr (7, n) lCr X IG I
L DAL Cr OISR % 3T L o

*loroinitial retentionid 7 MOBKBMEOHMEHICE %5, TOBERT KO
TE==) Y IRRPELFET LT EETRBL TWA, k2 u s ) v AT, Cr(r, n)
490 RIGIC X A49Cr Ok ZEENICEAL T 3% !Cr LEREZ initial retention 2386
Nko T/ 30MeV(50~60uA) T 4038 LALEEE T LT, 152%185°, 228° %
YU 270CTENFNisothermal annealing %17% - %o %@ﬁ%’& 1 7R3,
retentionld, BEDO LRI LEb R oTHE ZoTWnD T EDbh b,

I "Nif@@Ax47>r3>=y45 0 (1) 8#%koEC,st
BZEICHSEZEHYR

Bik=, rri 6 0MeVHIBIKHBIC L b, 2BERIIRH L A%, N1 (7, ») " NiKIGIKC L o
THEURPNI% "Co X WAL, ""NiE#MERE AN Lo $86% M5 4T A XBETHKEL
rth, 4 A CATHRBIESBEEC X b, YTCo BB LFREOS M R D o

THIREE1ICE L TRT. 2RBERBIECOWT, Bi7=— ) v /%1% o kR %M 2
CRdo TORTHE, 2L OaNNPEERRTHILNDLT =— ) ¥ 7 RIEBRBEFOBRHERIEG
THLOLEWMIC, LLA2T=—) 7L YBEIIEHREIND LW O HKED LHBERVB LI
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o .
100 270C
R 228C
1 90
N
N
N _ A_--__fﬁ~,,,a«r-ﬁ 185C
- =~ 152C
f 80-A@/0//'*‘”’77”f'#’d/f’ff@
70 ) | | | : |
1 2 ' 3 4
— Nz REE (B )
M1 K,Cr0, &E7=—1 /7
#1970 o ELEED THBIRER
. ‘ I B (%)
= ﬁ: co?t | [Co(NH,;)5C1)2t | (Co(NHz)e)3 Tt
(Ni(NH3)61(C104)o { 62.8+1.3 5.3+ 05 31.3+1.3
(Ni(NHz)e) C1, 726415 2.34+0.5 247408

I SXBMBEOREMGKEBICHILZHDHR

S1Br (7, n)®'MBr RIGIC L o T LN B8 " Br 2 FIHL T, A "BrER T+ 7 ) &
BRRBES ML, EHICHD 5 REEREBICHE 5 (LFHRRICOWTRE L

80EBr0,” OIRIEAKEROREICKEL, SEETIRROBMIEL n, TR 2
KxRTLOCEA A OFRIBPOLN, TrH ) &BA 4 YORFESVRKESRBRE, 7=
— ) 7 INBEE (MY) BNEL 2D, RO BRE LEERBERYD D T LA LHIC
% oo
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100~
/;\ 8 0 -
R X e X,
~ — X
R X r/
60
ZO%KCZ\E o o
Lt 1t | | i |
102030 60 120 180 240
B OH ()
& 1 (Co(NHg))T

0 : (Co(NHg);c1)2T)
x 2co2t

B2 ["Wi(NH3)e) (C104), KHF B CoDT =—1 v /i

%£2 T7K PXU 457K CHIT23Y8EBrog OIXE

I E (%)
t & W TR 157°K 4Y (%)
Li*BrO, 257 40.5 148
Na*Br O, 31.4 4172 15.8
K *BrO, 325 43.6 11.1
Rb¥Bro0, 245 348 10.3
Us*Brog 32.2 355 3.3

V BT FIL—BRERICETZ* " "BIroOBRRUBAREBZOIL2HDR

sUmpr B (LT F L, 54, 7 TRHEHE, AZEBS IUA X7 n <7 7 7HETHRE
Lko REHCEER ML, BWEH 2T v 7 MCEHAL, 20°, —78" XU —196CTHHF .
WCES 2 E THEB L 28, BIEIC L DR ERIEE RO, & 7808 BT B ARERY O 1T
&, #Rsm< b3 78EE VTR o/,

SBEICHT R BINEOBE R #~y ¥ ¢ — HBEH 3 IR WFNORECE AT 3
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B F BRI O F N RARER R LN TEWE LT L Tndo #7808 Br Bl AR
OH/NTIE, 8FEHEOLERMHED bhi,

£/ BNE (D)

~~~ g C

A, e
» OO0 — — o0 ol —0—
1 . |
0 02 0.4 0.6
Brz(MF)

Eé LEMNBOBRER XY » — R

CszBr(somBr)+Br2
..... C,HeBr+ Br, (80"Br)
0 :20C; e:—78C ; 0b:—196C
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m—5 v 7=nr—TTAF+L — FOHRLL
1IN &5 4K 2 BOE #

EW EHER - BAEE - EE—
BHET

MEOEBRORRE, TTA(thenoyltrifiuoroacetone) DA (Py, ) & 2
=¥ v— ORERE (P ) OFICE, 2 { OREEFEICONT—EOHBE 2 ROM b7 D
TERAN, T, SOBEOBAICRME 4 R0 b0 FNERY by, SERILHESED
BAM V=Y —FHNWT, BlICY 7=1*v— } ORBETCOAREHN, BEHOEREH &
WCT 5B E7BHBCHEEYHBEEL T, Fv—F ~ONMRIEAELBEOREEH * K
o, TORAME BT 5,

1 vo=nxr— ) ORKBECST LN

9 5 v OHEW (Dy) CHTBY 7 = VBEOKBE 55 L, WEOBETA, Fig. 1 O
benzenelCOWTHIRT B L SICY 5= rREWCERZ{, Dy E—TEETT2, HE %
BHThOFEWLNACC1,, n-hexane, n-hePtane, cyclohexaneEDHEMHE © 15
AR T, v 7= BEOBIICON D)y BHAL, MR T—EEICET S, Lia2s-TH A
Dy 7 =NBE 10T MOERSEHDE, ThLOBHEOBAICITITELTD 5,

"%, n-hebPtane DHEHWLDONT, FHMLKHEOY 5 = BEOBERY S22 L Fig, 2
A3 L9, v 7= OFBRETRKME L ERAORE X AL 223, BHHEO ys=18 &
A0 TMUT TR, KEOCBECHAIL, visr®v— BIFEERNICEERSEEH »
T3 MOBKOGE SFEROBRIETT\», E¥ 2B L 7R3 (KRE THRLE BIE L 7.

TOEHICLT, PA=6.0CHTA Dy w3k, RIEOHBHMICHT TS EFPig. 3IKFE T &
HICHERTNEBDOLNT, FHIND L OBMAMO VIO ERB LA E% %,

2 TBPOFv— O GARER

EHHMEICTBP (tributylphosPhate) BHETIHACERROL 9xFv—1 ~ D

TBP O MNIEAES & &2, &4 OEEH T OERER (Kg) % ABUEIC X hRd 7z,

*»EREWR, BB, 1(No. 1), 82(1968)
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UO0,4,5 ,p + TBP,,, === UO,A;+ TBP
CORIGORHAMOSE S L— b OBE LR IE, vIsrFlU— b EOSEF L —
FOKs ERWABRICD S LE L bvb, R EAE, v 7=rer—| LHHT V- P OKG**
FHET S L, Pig. 4GRS L O AHANESEK b0 7, ThbOJKEEFTOKs OIER,
B O (LEFEOTE B S LTI N B ER & —5T 5 & LAHED b7

we hERE—, BFEH, HAER BILZ1ESBETHSE 2, 953(1968)
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M6 UG DAL %8 i< B3 2 5

SH WA - EEYT

BAY D 3fliY 7 = v 23 fEk, BRPCREDLDTRELETD 5 E3N, ChiCBE+ aHELE
EAET LR TR ok, bRbhBENEWRY 2BESPICEONLE D, 3ffv 5= Ak
BRI TS CEETHH T LEMY, TORTHE, BEH, BIR<~2 ba) 44275
B3E) % ECONTHE L TE ke 319 7 = 9 4 LAHRBERD BCRBENHIC b T
RETLIBEZTHL I, 2bBTRETDL, TOC EpLMENT, aBEREHANTAdi-n-
buthyl ph0sphate(DBP)®f<yﬁ‘7%§iﬂ&vcJ:Zu?ﬁaﬂjlfc/)v\ﬂﬁ‘éﬁbfcﬁ%&ﬂi%tfci)
AEIR zhIC3EEnWTdi(2—ethyl hexyl) Phoshoric acid(HDEHP)C X %HiH
CONTHET 5o

EBR U0, % 40~60Me VEIBIMEHRRTREAL, 28U(r, ) 2370IC L VAR L 22870 % }
V=3 L L TR, ERICHES T, TBPHHEI L, FECERT 2B BER YT 5 B
LE L7 o0 OB EBEOMER r 2 <2 } v LUERMIC L b FATd 2 L %
Feireh) 70 HDEHE, & 7 5~ 3 £ ORE S LB U T-HHCHERIL 720 b L, -
o0 LOREERBECHEL T WUy 7= A 8BSl % &b, chickkll
VFYLEEEAFYRE02ERD IO, THWKEMATEER 100/ 235, WRE
T = A 10m s, ISIRBLTY 5= 4% 3MHICRTL, BT~ H 2% F 5
LT\~ 7cD D, HDBEPEH 10m 2004, 4 CHRE L TIME 1T % - %o FASTEIC 2o
Db, TRLTN 1IN, FTOEEX, bTLY, ThPhORKERES*HFE Y v 57—, »
AUy ETHREL, v 7=V oOMENORELE RO COLEDOY 57=v 2o OBE X #
2X107MT B Y, LILEOERBED, KHEEIELUNR TN CORESE 7 2 BESPCERE T
% ofce WMNOAELEFHT B ICH7c > THBEL 2 2018, FERTHEA L 2 HEOHEBRRE
T, v 7=y 2dEL I3l TRILINT, —HMEAMELTEFLTWLC ETH 2, Wk
BT ~AH L5 6MMY 7=0 20 3fi~ORTRIIEBEEICL VR Y, TOER, 02M
OLEWLI6% 0.IMDEEIC IO, 0.05MDEEWLBIBTH B, —H 31y 7 =v Mk B B
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DIEBREHHRCERIEOIONEFELZWLE D, BB TEET, BRILEEAOER TIIE
BT 50E X RN, LANs TRICRTIN TR > Tnd 4fliv 7 = v 2o tHZEE 285 L,
ChERIET HVERD D, THOLEEROEMGTE, 4MY 7= 4@ 100%HDREP A IC
I N,

R 0.0SMIBREEAD 3V =9 A% DBPIC L AEROLED X 51C, AFH L LT~
vk, 02M HDEHPIC L hillieEak LT b, ELASHETN A D oo £ORD
HOFBRANCONTHRE R NL ko TORE, TOFHEOT TR v v EHnk & & HEERE 3
%, 47T RELNT—FAEHNRLLEE 26% 2 a0~FYrEHANLEE T2 TH 57, HLE
OFHERDOER ML Y 7 a~* ¥ % HDREPOHRTRF & LTHEAL TUTOERETE - %o
B IKEEDEEPRE % 0.1M % LU 03M L —EICR b, A OEBREE % 0.05~02MICE L
ek L EOSFRLOE T RE LR T, TOARR~3 THb, DEICE 2MITERRE®
0.06M L—ZIKfRDH, HDRHPORBRE % 005~05MO#MEATELI ¥ & & EOHEILOE LT K
L7 ERT, TOREE 3 Th b, M EOREFERLS, 3ffiv 7=y 2dkX0 X 52 §#EE
BEIGIC L b, BB S HDREP— > 27 o ~F ¥ Y HPICHH I N 5 30 Li#EE 3N 5,

VERE

+ 3 (HDEHP), s U(H(DEHP),) s + 3HT
cﬂu,@@3@@7&%:Vﬁ%x;@%ﬁﬁﬁi@ﬁmmPKié%m“®b%&@<EDT
Db,

X oy

1)A, Sato, Bull. Chem, Sobc, Japan, 40, 2107(1967)

2)A. Sato, 8. Suguki, ibid., in Ppress.

3VER - &K, HREAE 21484 (196844 ), BEEUMAZHS, Vol. 1, . No.1.
85(1968)

4)E, Akatsu, T.Xuroyanagi, T.Ishimori, Radiochimica Acta, 2
1(1963)
RIS, Vol., 1, No.1, 85(:1968)

5)D. F. Peppard. et al., J. Inorg. Nucl, Chem., 4, 5,

334(1957); 7, 276(1958); 26, 2271(1964)
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M—7 SER T v F— 8 I T 56
I @ ¥ AL 2 1 B 5

I LY BEEE - REECSR
BEHET « EARE—
wmINF A

FF B
BiOETAAF—O N ¥ <HIC L BABOHS (LFHERE 19504 IC Sugarnan™C L
o THE AN, FTOHBIEHBHEZE 11CFE Lo M 120 3H2 L 5 CEICHHZERET %

|

LBV D Do T TEARRD 2850 LEREIT -7

1 B BRSSO RO LS e TE 57502 & LT %,

2. WHBUERBHRERBE TS > T, hDOisomeric bair & LTHETELBELCFT S
isomeric Pair ORBOFEBREOELL Y, MEEOR 3% dE L ICT %o

REBELIUHBR ‘

108 DE&B e x~2% ALTETDODH, £Kk 250MeV O Bremsstrahlung T 3RS
Lo FREZ FS% 183MeV T 1T 57

BE9 1B LTI B TRIE 2 T 2 XBMBEREZ B TWha b, 7 v <ROBENTD T %
¢, BREEM%ECT D, bo&Hy v BREORNWIETRETLLEND Do

B2 KBl T, % FRAICSugarnan OHETAFRMEO1 4™ Cs (T, 2:12.904) &
1342 Cs (T1,p:205y) 2R L7 K2 [c134Cs O EN %R Lo 1340 s RERED 7« B
IEAMAE L D INE ne © BT, H Y ~BOBRENTABONE oD LER D, BRTNE
HEIEONE D o/ M3 36ccDbGe(Li) BHSR%E 10 24 XAREINTEICERREL TH
LR R NZ b vER L, B35 5HARRICAE 1B O» OB TRHNEMESD 57D T # &
FHTC LIRS R ok, H Y <BORE LRHAFREZE(TH LI > TBIOB T A
AE DA <IRIC L DA BOERY L LT3 Ce NFETHTE, + LU P*CsD
isomeric Dair OFHEBREEOZLE (k2 LEIEFEDO X ¥y DHik & LT 2ERTESRET
% 5,

* Nathaw Sugarman Phys. Rev., 79 532(1950)
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V—1 /Ny 3 2 IS O )R8
60MeVOHEAF#IT L 5 4 £ ) OHILEGE O£ 1L

HEIHAY LA EE - TR 5§

EFIC L BRI RS < 2 SRTFOFBICH 2 57, KA TETRE DS T L L F
THRERICIE T I RENEE I N, BETE20Me VU EDO<— £ b 1 % AL CEEREED
BEBTECE DODDb b, RLEHLET % v ¥—BETREE ORRE, BHOBRS 51T Lo
ELTH « ORISR D b, T OERIIEEORTHLEN 5,

MERUHFE

HHERHOMBET CHREL21 =) (Triturus pyrrhogaster ) % B, A
CEELT, M 15004 =) % 15mm/BO 75 XF » 27 #4585 (24X40%107mm) KA, &F
A L b, M8 (BEx-U L3E3) — kM (74X40X107Tmm 7525 » 7 ) —HR@Ex -M )
=7k (EEFERE) =38 (BEx-1) OIEICES & FICHS, 818 (FTH, LA 1968) LM%
HETRHE Lico AMEICIEIELLT60MeV, 054Coulomd DFEEEED M2 E MRS 1)
ZALL DN THh %, Bx-U OER BRI 2 ~ 4 BT L 205 E bICEE
Ex-MTE 2{Efk L & 5 HROKMICKE LT L A0 TRMERE, Ex-Ls xR 10 BHRICHEED
REET, Ex-L 9 @M L B0 RBBAKS BAFEFO L ORFEHE Lk BEE Bouin K. B
WBYRS T R bzan LEEHLTHREL &,

LR E A —IC 3 BfE = 2 UILERIE X DIEICKRE, 2, $5IE L b2 2, KEESEE & |
THAKEEE S ERfilepitheliun(EP) & MIAMINE CHRAEAI & RERNEHD & 7 2R
HfELamina propria mucosae(Muc)b%i b, HER #EF circular muscle
1ayer(rM) LfEFER longitudinal m. 1, (AM) A 5% 2, KELTEICES ¢ OEY,
MO EviIi1IIi(v) 23D b, ﬁ‘ﬁ%@?ﬁﬁ@*ﬁﬂ%%ﬂ%ﬁ@@@crypt(Crp)’5‘.’1'”[5%0 WE L
BEDRARELL TREOD BBBEHEE L b2 b, THLOF4IC, Aan TELEST 5 4
WheH 3 sHMEGoblet cel11(aC) MNELET S,

* FALR A EHT
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& 2

1 12485 Duodenum S OUEFIERICHE T 1 2388055 52% £ OH BICREEOME
WEEERME L TnEOTT Chbrbo

Ex-U8 K5l L RO E A S, L d2h bREEED» LIS AHED D 5o
ARSI L D EHME . JHEL TWAOTE R W LB b b AR AR B OREC X R B BEME DS
b, FHhLORMEEREFEL TV O LBDbNS (Fig. 2).

Bx-M3 KSIE FR AR BitE & B R0 b OJIEE S RO h b, BI#BO Bx-U8 & hELEE
T» 5% (Fig. 3)o

Ex-L9 A5 R MAB2YRE O S mEh € ER B HHIEE L 4D So L2 d2h bOMIEARIE
Azan THRETBINEE AT LELER BRI b bo BB L HERICHLE T, Wi ofVE
CHEET BFIH S o FRMIREERE TS5 (Fig. 4)o

2 JNB small intestine 1235 LS A T A0 MO £\
(Fig. 5)e

Ex-US *Eﬁé_t)}zﬁ?ﬁl’%ﬂfoi&%ﬁbﬁé‘b. Zn b oMl MIVE O3B R HBEER T HMRE « &
S HEARTTRET B B0 KEHE_FF MM O el (X LLBAYBARR T & 5 2%, HEREAHREL T 5o
e B L S0 L 7e bR B O R ICEKS 2R S h B FRATIO S W « HEEFCRD b b
(Fig. 6) ,

Ex-M8 KEE LR MR R &S24 CEE B Dkt L THEEL Tk 50 WNAIBEARBIANEE & %
5 (Fig. 7)o ,

Ex-L9 k5B FR Mfab 30 ICEVE B LIS 2,0 L2 % MRS B 2 RO EIE Sh
5 (Fig. 8)o

Bx-L6 BUEICE~7HlmEE (Ve ) 2%, I ER oBftig oL, ek (Bx@iiz/N -2
#m3 (Fig. 9)o

3 kB 1large intestine K&K Ccolon LEBRectunm & bR AVEBEEEE
L LTIkt C EBE TR T o HERAKEE FATAIC Lktis TR 2 VEBBTEIRE
WL T, BNEERETAORTH b, Wl EEERE THRMRIES L BT 2. HE b9
wTHD (Fig. 10

Bx-U8 KIS FROREAES L (. w LIRS RRICRBL TW» 5008831 5
(rig, 11 )0

Bx-Mp RRE LR 2 EA B LEEEL, MRAICEHEOBEROEHARBD b bo Al O
R T R LA (Figl 12)
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Ex-L9 WEREBNTHEBRELEL LWERERD bh s, R EME E RS IR R
OEENRROND, Azan TR L DRPET 522K E WER & FRT 2BREEIRO N5 .
TN HRBOME P YEMEDL L THMROZEE 555 (Fig. 13 )

4 B BOMBEOKEIL Azan THELT MW THA, METRBEV LK, MBEHE LR
WH RO HEEICHE 3. ME R MROBRIIBICBTHE TS 5, EFLEZHOE
R (ag)0id 5. METFERICESHONERR bh b, HEOEEIZEL L\ (Fig. 14),

Ex-U8 HELEMBORENEZELLL., TORMNCr%2 b OENE4&E LS, RIVEDGE E
KL THEOHI B> TWEEHD D50, BREERFEETRT. HETHESR, TBICI»E: ho%E
BRLND (Fig. 15)

Ex-M8 HIEOELLIZZFAHRTS S, BRRICEHOEMBHRD b, KIE LR OHED
EDLEINREL Do MBI % hFeheBGERT.

Ex-L9 M FE RO MEEOREATHE L2 Y, ACMAT5 30 s »nd. E«H
BT oD S b, KB LR OEMICEBHEREL L, MEOE DL HICEHB RO N5, KO G
BB L, BREEERTY., ChEEREBEOHAYBb¥ b (Fig., 16).

# &

BEFHE b DICHR L 2EEKIZ 054 Coulomd DREEMEEMTHTET AN COM 1% bD
BECEH > THIBREICEREIEELLIENHL LR ke EEOF B THT O
behavior SPEFEE: (kFE) TIH 4004 Coulond DBEFEL B L, WEBKDE 2
~ 5 ALIRICTEE S 5o CNbOMEE, EHEKREICH bR - THE LR 8T 200 ]
BERREBE L TAEREBICET 5. BILEICIZ2ECHEE 3BDNLE, CORLEEL
BAREZEOMBB Y RE LA W .

72mmDKEZE N L THIB L A @HIEREE 5 AMAER L, MEE OME LR MR % 2
LWAIR R 28 (o LA L %220, PFELCKHICIET LEZEE T5 ~ 10 BHEE 8 L
TWHEEBELET %,

144mm OKEE ML THEL 2 @BROHFEL, NI ZWEROINT 1/2BEFEIN D BB
B10AMAERL, B2HICEND EABRENEEZELL Do SR UK _ER MIBEPIC A 2an
E8E LAWRE 2R I ik, BHEES H, RFPEE L AEGEE L { coB R
Tk

24
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W —2 hARMEERESE I X B HS RRPE O F %
B S RER RS
EHER - F 04
=B OB W

SRR SOOI B, S0 MXEELEAO 30, BTOBRE LRI

ST ¢ 1A & OCHIRE DD EE AL T2, HZ0 30, BH1045 ¥
(17 VREROWHE. £H 3D T, 177459100 QT FAF—BIICHES ) Mk
T & B o 1 B R TR S TICH B L3 A IO ASEA Tk o EHIEH
S BRI B 7o FAKE OB 54 +2 O HACEL T OBRICGEL T 5D
B B (ILRLAIC bR I TR ) O BB E T L7\,

RRMHBROA R
1 AEWEHEIC 20cn X 20cnOBEFE— 2B ESBHEICHY LML ITV TERLEST

Ly s v OEEESHIC1 T, RIE10BIC1 2 ~ORF LVEAEHREL o
2 F5RF 52 OECE R BRICENT ABRICAR, BETOZEEE 16mnnBUEICHER Lo
KUy 23X, 150mm= 22—V X, HEHE BEHE4SnTLNnE1InOa>r 7Y+ %
Flnfe A=A h=>=2 v 7BE3X 7 41 2B ’ .
3 EEKko®EY. dattBE (B), ¢57 BLHAR(®), F¥ V2 vKEBER(E), =
Ey b (A), YU Taxz2(B), 9C&(A), PIVR(HE)T, cOIHIIELR E

AN DD b ORI L ERERT D B «
4 BEEHE EROBEEBRVWT60MeVIC—E L ENFEEMHEIR 100BHIC300 <4707

— Y C% BHRICHEEIL 7o

S 5 B M
Bl FOBHEETTT o EREZ AN 3 THE b (REME ) olIE#H0 72, b

1 B3 NT 10 0B LIPS IC AERER % 36 L TITEA Ko FEMIEOZBIZA 3HT %  BE 1T Y
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Wb, .

2 ERBRETHLNTWAEERBEZ1FF=2)— 330 b 6 08FIC L 21 B F oM EREE
FETZOFERMEAD T 105 Thbe ZORBETEIN T% o T & DA% IO 2808
% N DR ERAEFRE IR TV 2,

3 PRI S LT AR EA WS % bIXBWIZEEREICH b (202 0 8o TH 42 5 VI
) ERBINTED, ZCOBABWINFELES 5 LBBL TV L T OREECKH S O
ﬁéﬁﬁﬁfééo@@E&&%%%&LT&&%%KHA&&MCtﬁ%@%iéégtﬁéﬂ
7o
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