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Table 1 Squared form factor for 14.1MeV Level in
120 (Tohoku)

Ey (Mev) 0(deg.) g(fm™h) G epg (fm™H) | F |2
250 55.0 113 115 (9 £ 2 H)x107?
250 650 1.32 1.34 (162%0.23)x10~*
250 750 1.49 151 (224 05)x107*
250 85.0 1.65 168 (25 + 05)x107*
250 95.0 1.80 183 (27 +05)x107™*
250 1050 1.93 1.96 (26 +08)x10~*
250 1150 205 2.08 (21 + 08)x107%




Table 2

Squared form factor for 443MeV level in

120 (Tohoku)

Eq(MeV) f(deg.) g(fm™hH Gegg (fm™1) [ Fl2
68 80.0 0.428 0454 (165+0.23)yx1073
103 550 0471 0490 (2444018)x1073
103 65.0 0548 0570 (4.08+030)yx107%
103 75.0 0620 0.645 (583+0937)x1073
183 35.0 0551 0.563 (430F041) %1073
183 45.0 0700 0.716 (7.62+043)%x10 3
183 550 0844 0863 (114+0.05) %1072
183 55.0 0844 0863 (1.11%+007)%x1072
183 65.0 0980 1.00 (1.34F007)x10"2
183 75.0 1.11 1.13 (1.46+008)x1072
183 85.0 1.23 1.26 (1.43%0.09)x107?
183 95.0 1.34 1.37 (1.26%0.10) %102
240 65.0 1.29 1.31 (1.37%+0.09 ) x1072
250 450 0959 0974 (1.4610.07)x1072
250 55.0 1.16 1.17 (1.49+0.07)x1072
250 65.0 1.34 1.36 (1.44+007) %1072
250 75.0 152 1.54 (1.05+0.07)x1072
250 85.0 1.6 8 171 (5.45*041)%x103
250 95.0 1.83 186 (335%0.30)x1073
250 105.0 197 2.00 (1.83%034)x1078
250 1150 2.09 212 (96 *1.7 Yx10~*
255 75.0 155 157 (930+070) x1073
255 850 1.71 174 (54 +06 )x1073
255 95.0 1.87 1.90 (36 o6 )x107?
255 105.0 201 204 (14 *+03 )Yx10-3
255 115.0 213 2.16 (79 +31 )Yx10~*
Table 3 Squared form factor for 443MeV level 1in
120 (gtanford)s)
Eq(MeV) b (deg.) | q(fm™) | g (fm™) | Pl

187 84.0 1.25 1.27 (1.284+004)x1072
187 91.8 1.33 1.36 (1.13+0.04) %1072
250 40.0 0857 0872 (1.39£0.06)x1072
250 45.0 0959 0974 (139%+0.06)%x10"2
250 50.0 1.06 1.08 (1.44%0.05)x1072
250 55.0 116 117 (1.374005)%x1072
250 60.0 1.25 1.27 (1.35+0.05)x10"2
250 65.0 1.34 1.36 (1.30+004)x1072
250 70.0 143 145 (1.06+003)x1072
250 75.0 152 154 (951+0.30)x1073
250 80.0 160 163 (6.97%t022)x103
250 85.0 1.68 1.71 (591+018)x10~?
250 90.0 1.76 179 (4141012)%x1078
300 49.2 1.25 127 (1.36+0.04)%x1072
300 548 138 140 (1.141+004)%x1072




Table 4 Squared form factor for 443MeV level
in 20 (Stanford)®)
Eo (MeV) | 6(deg.) | q(fm=1) | qog (fm~ D | £2
600 320 166 168 (552+006)x103
600 33.0 171 1.73 (493+007)x1073
600 330 171 1.73 (467+004)x1073
600 34.0 176 178 (389+003)x1073
600 350 1.81 1.83 (301%002)x1073
600 353 183 184 (330+002)x103
600 36.0 186 1.88 (2554002 )x1073
600 37.0 1.91 193 (2014002)%x1073
600 380 1.96 198 (1474002 )%x10 73
600 40.0 206 208 (1344003)x1073
600 40.0 206 2.08 (1.36+0.02)x10 73
600 400 206 2.08 (1.073003)x10 3
600 415 213 215 (5.924+0.18)x10 ™%
600 45.0 230 232 (247+014)x107*
600 475 242 244 (1.0440.09)x10™*
600 48.0 244 246 (683+0.77)x1077
600 500 254 256 (32 #+1.0 Ix107°
600 500 254 256 (1.55+0.75)%x10 °
600 50.0 254 256 (3.05+0.31)x107°
600 520 263 265 (1.044030)%x10 77
6 00 550 277 279 (51 *£30 )x107°
800 320 222 223 (459+0.24)x107*
800 330 2.29 230 (2804071)x10*
800 350 242 243 (1.22+006)x10 ™
800 375 258 260 (34 +0.7 Yx1073
800 400 274 276 (11 105 JIx1073
800 400 2.74 276 (1.08+054)%x10 3
800 400 274 276 (15 202 Ix107
800 41.0 281 282 (670+365)x10 8
800 425 291 292 (1.15+058)x 107
800 440 3.00 302 (55 427 ¥Yx10~°
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§ 2 Electroexcitation of the T=1 levels of 12C
Yco1611Mev 2t =1, 1658MeV2~T=1, 194MeV 2~ T =1, pEEICON
T, EHEBFHEAOER LT\, BHEMO form-factor #HIE Loz i bOBRICH LT
i, Kurath'), Boyarkina?) oA EA, Brown®), Gillett), de Fores<s)
DOrparticle-hnolefifilln &, HRIICEC ORENRK INTE Y, FOFUMEEE~L &
PEEOERDOBN TS %0 CO=DOMRAICT 2 IHILE FHALER S 4 A2 THE (e x
NTn20)%, SEOR « ORBRILITO 2 AICAT, HEROERIC LS Y b5 < OWFEE 54
TWhho

L)ABEX M ELT, 1611MeVREIF1658Me VO D04 A8 LTHEE Lo

2) longitudinal part transverse partORBER 1T - %o

KRE, 2—4 5 L LTEZ1036me/cn?D2 57 v 4 b % B, EhAEERO0MeV
V=T 7k BFRIRE LT, AFHTANF - T75MeV~260MeV, #EAB35°~135° O&HHE
Tihizbhio BEALETORZERRF U momentum transfer, g9, DRTEHELARUFAS =
ANFE —HERT2~3RTITAbh, COMREMSform factor © longitudinal
part K transverse partiRKobhnio

(D16.11Mev J™=2+, T =1

ool =10%GOHT, ED parity 2 HOWMIE, 4 H2 TICHERIAT LR T,
COWEE 15.11MeV JT=1F, T=10"2rFTds, WEL L EHEES S K G
particle-holefEIC L > TEMOMBLSHEINCE D, AEBECFAEIE LA TAS
75, 1511Me VEEGLICH T 2 BFHALER) T, 0 form factor 13 particle-
hole A THBHHTE S, PMHSHEANAWERS 52 2E 0 Kurath T Ic VHE Tk,
RBishop®)d 15.11Me VBRI 161 1MeVEID form factor it HLGparticle
-hole f—%iﬂﬁ%ﬁﬁt—ﬁ LEWEZHE L TWnio T 16.11MeV #Efricst L d RS
BESRAHRESL DL EAFEIN Do

Fig. 1C5EOERICHTHIEI % form factor &, HIREAEA (1. C. M) 2108
particle -holeAIC X 25t %R T o FRIEAEED BBHEHE Boyarkina?)n
DHEMnico X, FHBICKLER . f.p. it Tahn®)%p table s 6B %oparticlo-nole
RO T, CO®GIEFHAAL purez (Pyy 1Py, contiguration Thie Li
72T, form factorDatBIIZ D configurationlCoOWTORT oo EERE L O
HBOKRIL, longitudinal part, transverse partd d, FHESEAA T

WHER%E 54 52 E%RLTW3,
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i, FROF B CRBRESEK L L CEIRSTORSEEFEELTE D, HOADLO
bitoscillator length parameter TH b, Kurath(d1511MeVEMAICHT 5
boMEH, 19fmtBELTE D, ZOMEI20OREEFRAER,LLBLNLE, 1.64fm,
IV KE N COMEZHIZT I SHLEIPEO bOENE LTHELTY S (BESEICHRCIE 1
S&EDproton 1 LDOFERS B o L L, 1611MeVIKHT AT 2 OEBIHRIL LI = 1.64
fmicHE e Lo T1511Me VD bDENWE SEEPHD bo&EWE L CEHET A IC 3R
»5EBbh b,

(h1658Mev J'=2—, T=1K1194MeV J'=2—, I'=1

CDOTOOMER b OIFEMEFEELD form factor®, Fig. 2RUFig. 3ICadodt
Wlongitudinal part{@dERBRECHBTETHY, O TDOOEN~ BRBIT MM %
magnetic transition TH»AENHEREINkK, WE & b, BDparity s HE DO L O,
2S—1d#FE ~Dtransition:FE% Lh a2, 2l 2B ER O BT PERRA
B on Ty, 25 —1d8% 4 50AHERAAE CA2PRTinklhe  particlo-
hole Ml TIHc O "ODEMOMBEMAIKR DL 91c% 5 (T, deForest®) )o

V1658 = 0937 | (Pyp)™1 25,,,>=0025 | (Pyyp )~ ! dyyp >
—0349 | (Pyp) dgp>
V90.a=0342 | (Py2)71285,0>=0199 | (Pyp )7t dyyy>
+0928 | (Pyp )7t dyp>
COEHER Y Wk form factor patEfEHFig. 2, Pig. 3ICHBHTRINTWA,
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§3 Electroexcitation of the Giant Resonance in !2C

In this paper we report on the study of the giant resonance in 120 by
inelastic electron scattering observing electrons scattered at
relatively forward angles where the cross section is dominated by the
Coulomb excitation. The previous electron scattering to investigate the
giant resonance in 12C were performed at Stanford (Mark II)l, Orsayz,
Saskatchewan3 and Stanford (Mark III)4. In these experiments the scatter-
ing angle of 180° or backward angles where the cross section is mainly con-
tributed by the transverse excitation were chosen except for the one ob-
served at 60° with the incident energy of 100 MeV at SaskatchewanB.
Compared with the previous experiments, our measurement have obtained a
sufficient statistical accuracy to take a good energy resolution and thus
obtained new information about the fine structure of the giant resonance
in 120.

The generalized Goldhaber and Teller model5 regards nuclear matter as
made up of the four interacting fluids, which build the oscillations of the
four modes, i.e. the isospin mode, the spin mode, the spin-isospin mode and
the compressional mode due to the oscillations of the four fluids in phase.
However it is possible to understand the extended fluid model in terms of

6,7

nuclear shell model. In a version of the Brown-Gillet ’ pharticle-hole
model, Lewis and Walecka8 has pointed out that two electric dipole states
at 23 and 25 MeV construct the giant dipole resonance in 12C. The level
at 23 MeV has dominant (1d5/2, lp3/2—1) configuration and corresponds to
the isospin oscillation which can be strongly excited by the Coulomb

. ion. . . -1
interaction The other level at 25 MeV with main (ld3/2, lp3/2 )

configuration corresponds to the spin-isospin mode which is mainly
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excited by the transverse excitation. The detailed momentum-dependence
of the form factors for electric dipole and magnetic quardupole states in
the giant resonance region have been calculated by Kelly and ﬁberal9 using
the wave functions of Lewis and Walecka8 and deForest10 (LWD) and those of
Kamimura, Ikeda and Arima11 (XIA). The comparison of LWD and KIA model
with our result will be made later.

Our measurement has been carried out using the beam of the Tohoku 300
MeV electron linear acceleratorlz. The thickness of a graphite target
was 104 mg/cm2. In our electron spectrometer the scattered electrons were
detected with a 33 channel detector ladder12 which covers 3.3 % range in
momentum. In order to overlap settings of a counter system, the locations
of that could be moved stepwise along the focal plane. Each step corre-
sponds to 0.025 % shift of energy. Depending on the experimental condi-
tions, the full width at half maximum of the elastic peaks varied between
0.12 and 0.2 % which is smaller than the width of the observed peaks in
the giant resonance region. In order to give a better statistical accu-
racy, the counting rate of the five channels were summed up. The radia-
tive effects contributing to the inelastic continuum spectrum were cor-
rected with the unfolding procedure developed by Crannell13 by using the
computer TOSBAC—340014 provided in our facility.

The unfolded spectra of the scattered electrons with initial electron
energy with 250 MeV at 35° (4), 60° (B) and 80° (C) were displayed in Fig.
1. The right scales indicate the experimental cross section. The
spectrum (D) corresponding to the incident energy of 177 MeV at angle of
1350 was not unfolded. The contribution of background due to the quasi-
elastic scattering was not estimated. Assuming the excitation energy of

25 MeV in our kinematical calculations, (A), (B) and (C) correspond to the
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momentum transfers of 144 MeV/c, 236 MeV/c and 304 MeV/c respectively, and
(D) has same value as that of (C).

For comparison, the data of 120 (v,n) Cll cross section reported by
Cook et al. is overlapped with solid line on our spectrum (A) in Fig. 1.
For the real photon absorption the value of momentum transfer uniquely
determined from a single energy transfer. Thus the difference of the
momentum transfer between them is very large, however, the general shape of
each curve in Fig. 1(A) is quite similar. It suggests that both spectra
are dominantly excited by the isospin mode.

For comparison of our experimental data with the theoretical predic-
tion, the cross sections of the 1 states calculated by ourselves and
these of 27 states by Kelly et al.g, respectively, using KIA model11 are
shown in Fig. 1(A)-(D) with solid and dotted lines for 1  and 2~ states,
respectively. The length of lines are proportional to the values of the
cross section which refer to the left scales. The dominant 1 state at
21.2 MeV in the KIA model mayll correspond to the observed peaks in the
region of 21~24 MeV. If the energies of KIA model levels are shifted
upward by 1.5 MeV, the spectra may be well described by KIA model. However
our spectra have more structure than those predicted by KIA model. The
spectrum (B) is still dominant by Coulomb excitation. The peaks at 19.6,
20.6 and 25.5 MeV can be seen in the spectrum (C) as prominent ones in
contrast with those in the region of 21~24 MeV. The values of the
momentum transfer are the same between (C) and (D) as mentioned before,
however in (D) the cross section due to the transverse term is enhanced by
the difference of the scattering angle. In comparison of the spectrum
(C) with (D) one can see that the peak at 19.6, 20.6 and 25.5 MeV have

dominant transverse component. Compared the theoretical momentum-—
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dependence of the cross section with the experimental one, our peak at
25.5 MeV in the spectra (C) and (D) may be assigned tc be the 1~ spin-
isospin or the 2 state. The 2  states which have the main configurations
of (251/2, p3/2-1), (ds/z, p3/2—1) and (d3/2, p3/2—1) have been predicted
at 18.9, 20.8 and 23.9 MeV by LWD mode18’lO and at 17.2, 18.6 and 22.0 MeV
by KIA modelll, respectively. The presence of 2  states of the first and
the second configuration were reported at 16.7 and 19.6 MeV1’2’4’16,
respectively, by the previous electron scattering. The peak at 20.6 MeV
in our spectra (B), (C) and (D) may be assigned to be the third 2" state

of (d3/2, p3/2—1) configuration. Therefor a possible 2~ assigment for the
peak at 25.5 MeV mentioned above might be ruled out. The 1~ spin-isospin
state which has been pointed at 25 MeV by LWD model and at 24 MeV by KIA
model, respectively, may correspond to the peak 25.5 MeV in our spectra

(C) and (D).

It may be concluded that the theory of particle-hole model can predict
the gross structure of the giant resonance in 120, however, our data of
electron scattering have shown a fine structure that expected the theory,
even though KIA model can explain more detail than LWD model. The authors

wish to thank Professor S. Fujii for their valuable discussions and

advices.



10.

11.

12.

13.

14.

15.

16.

16

REFERENCES

J. Goldemberg and W.C. Barber, Phys. Rev. 134, B 963 (1964).

G.A. Proca and D.B. Isabelle, Nucl. Phys. A109, 177 (1968).

G. Ricco, H.S. Caplan, R.M. Hutcheon and R.Malvano, Nucl. Phys. All4,
685 (1968).

T.W. Donnelly, J.D. Walecka, I. Sick and E.B. Hughes, Phys. Rev. Lett.
21, 1196 (1968).

H. Uberall, Nuovo Cimento 41B, 25 (1966).

N. Vinh Mau and G.E. Brown, Nucl. Phys. 29, 89 (1962).

V. Gillet and N. Vinh Mau, Nucl. Phys. 54, 321 (1964).

F.H. Lewis and J.D. Walecka, Phys. Rev. 133, B 849 (1964).

F.J. Kelly and H. ﬁberall, Phys. Rev. 175, 1235 (1968).

T. deForest, Phys. Rev. 139, B 1217 (1965).

M. Kamimura, K. Ikeda, and A. Arima, Nucl. Phys. A95, 129 (1967).
Manifactured by Mitubishi Electric Corp., Tokyo.

H. Crannel, Phys. Rev. 148, 1107 (1966).

Manifactured by Toshiba Electric Corp., Tokyo.

B.C. Cook, J.E.E. Baglin, J.N. Bradford, and J.E. Griffin, Phys. Rev.
143, 724 (1966).

G.A. Beer, T.E. Drake, R.M. Hutcheon, V.W. Stobie, and H.S. Caplan,

Nuovo Cimento 53B, 7 (1968).



20

FIGURE CAPTION

Fig. 1.

The spectra (A), (B), (C) and (D) correspond to the cross sections
at (35°, 250 MeV), (60°, 250 MeV), (80°, 250 MeV) and (35°, 177.6 MeV),
respectively. The solid curve in (A) is the 120 (Y,n) 110 cross section
reported by Cook et al.ls. The calculated cross section by ourselves for
the 1~ states énd by Kelly et al.9 for the 2~ states, respectively, using

the wave functions of KIA model11 are shown in the spectra with solid

lines for 1 states and dotted lines .for 2~ states.
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§1 ISOBARIC ANALOGUE STATES IN (r,p) REAC-
TIONS ON N=50 NUCLEI

The isobaric analogue states (IAS) in 888r, 89Y, 9OZr and 92Mo which

have closed shells of 50 neutrons have been investigated by the (Y,p)
reaction. Energy and angular distributions of protons have been measured
by means of the (e,e'p) reaction. The result is analogous to that of the
(¥,p) reaction induced by bremsstrahlung (1). The target (a self-sup-

porting metal foil of about 5 mg/cm2 thick; natural abandance for 888r,

89Y and enriched to 97.80 %, 98.27 % for 90Zr, 92Mo respectively) was bom-
barded by an electron beam from Tohoku University Linear Accelerator.
Emitted protons were detected by a broad-range spectrometer with a ladder
of 50 solid state detectors at the focal plane. The energy resolution
of the spectrometer system is about 0.5 %. The absolute values of beam
currents were determined with a secondary emission monitor calibrated by
a Farada cup. The absolute yields of protons were also calibrated by
using the 12C(Y,p) and D(Y,p) reactions.

Fig. 1 shows examples of the results of proton energy distributions.
In the figure, vertical broken lines and solid lines show the positions of
P, corresponding to the ground IAS and the electric dipole IAS which were
estimated by different reactions (2-4).

Strong proton groups are found in the energy distribution on 90Zr.
For the other nuclei, proton groups exist also though they are not strong.
The distribution of these proton groups seems to vary with the nuclei
having different proton shells.

Angular distributions for the strong proton groups are obtained with
a correction by subtruction of non-resonant protons which are estimated

from neighbouring proton yields. The results are summerized in Table 1.
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Table 1. Angular distributions of strong

proton groups on 90Zr.

Ep ER Eex w(e)
(Mev) (MeV) (MeV)

6.0 0 14.4 1+( 0.1t0.1 )Pl-(0.2t0.2)P2
6.4 1.5 16.3 1+( 0.1%0.1 )Pl-(1.2t0.2)1>2
7.9 0 16.3 1+(0.02i0.06)P1—(0.6t0.1)P2

That of the EP:7.9 MeV proton group of 90Zr agrees well with the (p,Yo)
result (3).

In the case of 9OZr, proton energy distributions were measured for
several bombarding energies changing by the step of about 1 MeV over the
energy region of Ee:l6.0~23.0 MeV. By taking difference of these succes-
sive distributions, the residual states can be studied from energies of the
resulted proton groups. The results show strong contributions of residual
states around O, 1.5, 3, 5, 7 MeV for proton emission. The partial cross
sections for these residual energy are calculated from the high energy part
of each proton spectrum. The results are shown in Fig. 2. In the region
lower than 14.5 MeV, U(Y,po) is estimated under the assumption that the
proton energy distribution at the lowest bombarding energy (16.0 MeV) is
caused by p, only. The cross section calculated from the inverse reaction
89Y(p,70)902r (3,5,6) is alsoc included in the figure for comparison.  For

9Ozr, proton groups are found corresponding to the

residual states at the ground (1/27) and 1.5 MeV (3/27) states of 89y.

EX:16.3 MeV IAS of

The intensity ratio of them is pD:p221:0.4. This fact shows that several
shell model configurations contribute to this IAS. The p, group through

lab
this IAS has been found in the (p,p') data at Epain=8.01 MeV by Long et al.
b
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(7). Their study also indicates a strong p3 (the corresponding residual
state is 1.74 MeV (5/27)) at E;’fli’n=7.99 MeV. These two states seemed to
possibly be the same IAS. However, the present results does not show any
strong Py group. This suggests that the two states mentioned above are
different. If so, the results from (p,p'), (p,YO) (3) and the present dat
seem to be consistent under consideration of the main contribution of s-
wave protons.

Fallieros et al. (8) estimate the T~ photoproton giant resonance at
21.5 MeV which is 5 MeV higher than the normal T« giant resonance con-
sidering an isospin splitting effect. Axel et al. (6) observed o (¥,p,)
from the 89Y(p,Y0) reaction, and found a resonance centered at EX:21.0 MeV.
In the present result, several resonances are observed for P, and p, in
this region as shown in Fig. 2, which does not always agree with the
(p,v,) data.

Goulard et al. (9) calculated electric dipole IAS on 88Sr. Their
result is compared with the present result under the assumption of complete
p, decay as shown in Fig. 3. Excitation energy of the groups of IAS in the
present results seems to agree well with the calculated result. A more
precise comparison is in progress.

The radiative width of IAS can be determined by the integrated cross
section of the proton group(¥*). Table 2 summarizes the results and the
comparison with single particle estimation(W.u.). Errors are estimated
about 40 %. An assumption is made r%oﬁ"=1 when no available data are
found for them. The results show that the IAS has about 10_l of single

particle transition strength.

(*) The possibility of such method of determination of r&o is also
suggested by G. M. Temmer (lg).
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(a)

Table 2. The radiative width of main IAS.
The result is compared with the
single particle unit (W.u.).

Nucleus EP Eex rbo/rq FWO 2(T+1)r}

(MeV) (MeV) (eV) (W.u.)'©
89y 7.0 14.0 23/50(a) 60 0.2

7.5 14.4 18/60(a) 90 0.3

6.0 14.4 1 (b) 30 0.09
9OZr 6.4 -

N } 16.3 1/1.4(¢) 180 0.4

E. R. Cosman, J. M. Joyce and S. M. Shafroth, Nucl. Phys. A108 519
(1968).

Assumption. (¢) From present data.
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§2 ISOBARIC ANALOGUE STATES IN (r, p) REAC-
TIONS ON Sn ISOTOPES

A systematic study of isobaric analogue states (IAS) in the (7¥,p)
reaction has been made on Sn isotopes which have a different number of

116 118 120 124
Sn

neutrons in the lh shell ( , Sn, Sn and Sn: enriched metal

11/2
targets to better than 95 %). Energy and angular distributions of protons
were measured by means of the (e,e'p) reaction using Tohoku Linear Accelerator
and a broad-range spectrometer. The result should be analogous to the (Y,p)
result from bremsstrahlung (1). The bombarding energies are lowered to
about 20 MeV in order to reduce the yields of protons from the (¥,p) giant
resonance. The thickness of the targets is about 5 mg/cmz. The energy
resolution is estimated about 100 keV.

Fig. 1 shows proton energy distributions. For 116Sn, 1188n, 1208n,
the results are obtained from summation of the data at five angles which
correspond to the spectra emitted in whole angle. For 124Sn, the result
is obtained at 6=90° only. The position of p, corresponding to the ground
IAS is shown by vertical broken line in the figure. The exact position of
them may not be certain because the neutron separation energies used in the
calculations are not exactly known.

Proton groups are found in the region of 7.6~8.5 MeV for every nuclei.
Three proton groups seem to appear in this fegion with an interval of about
0.3 MeV. These groups are a little more distinctly separated in the energy
distribution at each detecting angle which shows a resolution a little
better than that of the summed results, because a small kinematical shift of
proton energy appears in a different emission angle. In the case of 1208n,

separation of the three proton groups seems better. The radiative widths

for main groups are estimated as shown in Table 1. The absolute value
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may be uncertain about 40 %. Angular distribution of each group is found
almost equal within the experimental error. That of total protons summed
over the three groups is summarized in Table 2.

Another broad proton groups seem to exist in the region of 7.0~7.5 MeV.
From the present data only, it is uncertain wether they are constructed with
many sharp proton groups or not. The residual state for both groups is
not known in the present result. However, preliminary results of proton
energy distributions for 12OSn by the bombardment of several lower energy
beams séem indicate that all groups mentioned above will correspond to the
ground or the low excited residual states (<1 MeV).

A neutron number dependence of the radiative width for the above men-
tioned proton groups is indicated in Fig. 2. It shows very different
dependence for the two groups, which suggests a different blocking effect.
Cross sections are also estimated from the energy distributions under the
assumption of complete P, emission. The results are shown in Fig. 3.

The energy of the proton groups will be ambiguous by less than 1 MeV
because of the ambiguity of the residual energy for these proton emission.
The figure also indicates a systematic change of the IAS corresponding to

the neutron number of the target nucleus.
References

(1) W. R. Dodge and W. C. Barber, Phys. Rev. 127 1746 (1962).
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Table 1. The radiative width of main proton

groups on Sn isotopes.

Nucleus EP(MeV) EX(MeV)(g) Yo(eV)(h)

1164 8.2 17.3 8
8.4 17.5 6

118 8.1 18.0 10
o 8.3 18.3 9

7.9 18.5 10

1205, 8.2 18.8 24
8.5 19.1 18

124 8.0 20.0 8
o 8.3 20.3 11

(a) The ground state is assumed for the
residual state.

(E) rbo/rgl is assumed.

Table 2. Angular distributions of the proton
groups in a region of 7.6~8.5 MeV.

Nucleus w(e)
1l6g, 1+(0.310.1)P ~(0.5%0.1)P,
8¢, 1+(0.2£0.1)P, ~(0.4£0.2)P,
120

Sn 1+(0.2t0.1)1=1-(0.3to.1)P2
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§3 ISOBARIC ANALOGUE STATES IN (7, p) REAC-
TIONS ON N=82 NUCLEI

The isobaric analogue states (IAS) have been investigated in the (7,p)
reaction on 139La,l4OCe, 141Pr and 144Sm which have closed shells of 82
neutrons. Energy and angular distributions of protons have been measured
by means of the (e,e'p) reactions with a broad-range spectrometer system
connecting with Tohoku University Linear Accelerator. The result should
be analogous to that of the (Y,p) reaction induced by a bremsstrahlung (l).
The targets are metal foils of natural abundance except 144Sm (enriched to
95.1 %). The thickness is about 5 mg/cm2 for all targets.

Fig. 1 shows examples of proton energy distributions. Vertical broken
lines and solid lines show the position of P, corresponding to the ground
IAS and the IAS which is estimated as an electric dipole state from other
studies (2) respectively. Strong proton groups are found in the result of
140Ce at 10.3 and 12.8 MeV. In the cases of 141Pr and 144Sm, several proton
groups are found but they are not so strong as those of 14OCe.

Fig. 2 shows a comparison of energy distributions of protons from
14OCe obtained from bombardment at 20.0 and 22.0 MeV. The difference of
these two distributions is equivalent to the proton spectrum resulted from
a nearly monochromatic gamma rays around 21 MeV which have a spectrum equal
to a difference of the two corresponding bremsstrahlung spectra. The
result is also shown in Fig. 2 with the photon spectrum mentioned above.

The result includes the contribution not only from IAS corresponding to

Ep=12.8 MeV but also from non-resonant part in this region. The proton
CM

energy relates with the residual energy ER: ER:Ee - Eth(Y,p) - EP The

ambiguity of ER will be about 2 MeV due to the energy spread of the corre-

sponding gamma ray spectrum. It will be concluded that the residual
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states distribute over several MeV for the reaction around Ex:2l MeV,
though a precise determination is difficult from the present result. The
residual states for the strong proton groups are estimated as probably the
ground state or excited states lower than about 1 MeV.

Cross sections are estimated -from the energy distributions under the
assumption of complete po transition. In this case, the results show the
mixture of the cross section of (Y,po) and extra cross sections introduced
from proton spectra to excited states of residual nucleus. The latter is
diminished in this procedure because. its corresponding photon energy is
estimated smaller by a residual energy and then too large photon number is
used, Fig. 3 shows the results. The structures of proton groups and
non-resonant shape are found analogous between the results of 140Ce and
144Sm, but those of 141Pr are different from the others.

Angular distributions are determined for main proton groups, and are
summarized in Table 1, The results do not contradict to the proton
emission from the lg7/2 shell. Angular distributions of non-resonant
protons show a strong forward asymmetry, which shows interference between
El and E2 absorption. However, those of proton groups through IAS do not
show such a strong asymmetry, which indicates a simple transition for these
IAS.

Radiative width can be estimated for strong proton groups and com-—
pared with W.u. for El transition. Errors are estimated about 40 %.

The result shows that r&o is much larger than those of El transitions
between low excited states. The value for 141Pr agrees within the ex-
perimental error with that obtained by Ejiri et al. (é) who discussed with

the 1st forbidden B-transition. The result is shown in Table 2.
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Table 1. Angular distributions of strong

proton groups on 140Ce and 141Pr.

Nucleus Ep(MeV) w(e)
140Ce 10.3 1+(0.4%0.1)P -(0.010.1)132
12.8 l+(0.2t0.1)P1—(0.4t0.2)P2
14lp, 9.7 1+(0.0£0.1)P +(0.1+0.2)R,

Table 2. The radiative width of main IAS. The
result is compared with the single
particle unit (W.u.).

r
Nucleus Ep Ex (2) rbo/r. YO 2(T+1)r&o
(MeV) (MeV) (ev) (W.u.)
140, 10.3 18.3 1 (b) 50 0.1
N 12.8 20.8 1 (b) 90 0.1
lalp, 9.7 15.1 12/60(c) 40 0.2
Ldgy 10.6 16.6 1 (b) 20 0.05

(a) Ground state is assumed for the residual state.
(b) Assumption.

(¢c) P. Von Brentano et al. (2).
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FIGURE CAPTION

Fig. 1
The energy spectra of ﬂ+ and M mesons from Ca. The solid curve is

only for the connection of the measured poits.

Fig. 2
The energy spectra of n+ and T mesons produced by 250MeV bremsstrahlung

from C, Al and Ca at 90°.

Fig. 3
Y(n+)+Y(n_) vs. mass number; A
The solid curve is the prediction of the relative yields from the optical

model normalized at Al.

Fig. 4
The ratio of negative to positive meson yields in C, Al, Ca as a function

of the meson energy.
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I—7 Sn™o ¥ i #5 5&

TR 8 AR — 38 o AUHE BT KA
Ll i 7% - BRSO

New excited levels are proposed for Sn 120.
The decay of Sb120 has been studied with the help
of a Ge(Li) detector (effective volume 36¢cc).

Sb120m,g were prepared by the (Y,n) reaction with
30MeV bremsstrahlung. New gamma-rays of 0.704MeV
and 0.990MeV were observed.

The levels of the 1.876Mev(0T) and 2.162Mev(0T)
are proposed.

1 INTRODUCTION

Neutron magic number N=5002r® @ < B~ bR, AHEEMICE (HRE h T
Whe XSnOBE VDB —EBEOCA isotope [FIEFHER AL LA, BRERTOUM S
ZHBL TN Do LT HA, proton magic number Z=50 © Sm isotopeld£sH
K, TORAMER, BRI, EBMICY, BRTd 2, ThTHK~elE, % Snass number
120 %O HRE Liko

sm'?®@Low-lying state OEMEREIXSD'? L In'20 0L decayh bLAICHE~
LiCwa! ™) —F 7, H, BTERRGAARD et a1, "8an( t,p ) sn IKEHH
EMb, 1st 07(1.88MeV), 2nd 07 (215MeV) state DEEHHEL TN B 4 ld

81204 sn'®pLow~Lying state %~k
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2 EXPERIMENTAL RESULTS
HMEZnatural Sb % 30MeV ® bremss WIA (7, xn) KIE 2 bEKIND
radiocactivity 2b, EHZE Lk TEINLEMMDONHKINL energy %, KOH

1EBKE LDk
TABLE -1 REACTION PRODUCTS
abu. T, n 7, . 2n r, p T, pn
/S'b/IZO/ AL Sb 119 SanO SnllQ
gpt2t 57% 7
58d,16m 38hr 0.027 STABLE STABLE
Sbl22 SblZ] SanZ Sanl
gp 128 43%
35m 284a STABLE STABLE 274 nor

HIES Go (Li)FdAkigHes, FIC37dx 37 O NaI(TL)MHEAER L. #FEL

kr¥oenergy tBELY, H2RICEHL, £4KD energy spectrum % Fig. 1
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THC—FIE LTA 49 % B K= 5 V¥ —250MeV OHIBEESH CHE LB 0K O T
ANT P VEET e MICR LML 51C0511, 1.368% LUK 276MeVICHEA LT C— 2
RHHN, TANE—LEREFDID 2*Na (T, =150t ) OEKIERIN D, fiblc 1.78
MeVICHE E—2 23 b %23, Chid PALEFEEIN, TOBKD P Mg (T =21h1)O
ERSTERI NS

BEL—5 o VEBHLABEBOTHANZ b vnb 24 Nas L2 Mg OfFIAERE (#Ci/
g ) ERY, MHRE L LTE 1OERE B, 2 #HRIEIC L 5> TET B FETO ZROKIE ©
BEZMLBHTH M) Y AELFRFCEHL, X NaDEREI L%k, 65MeVTIRY v %2 %,
2 Na QIRERFEFEESNKE S ZBIC L2 TENEBIICHED Lico BHIFALF—%.200

“MeV, 250MeV EF B LEFEBORENWTRETIOE VINENKESC R D, ChLORERIET



L 2LNa
Hp 1368MeV
10— 0511 Mev
C *Na
~ 276 MeV 276 MeV
= FTMEAT=T )76MeV
S 174 Mev -
,; 2.25 MeV
N,
~ 10 [—
R E
(e}
S E
N
E_@ L
stzé L
vy n
10°—
IO' [ 1 | L
0 100 200 300 400
F v AR
Rl A4V E—F, bOrER~s
(B 5T 9.5 BRRE )
F1 Na,?8Mg OEME L HTINE
E£wE (f8FE O ucig)
=4y b ILE 24 Ng 28 Mg
65MeV 200MeV | 250MeV 200MeV | 250MeV
> b Y voa — 7.6x1072 | 45x10° -
TIAYY A | 23%10% | 1.5x102 48x10° —
THI=U A 3.0x103 | 3.0x10% 1.2x102 —
7 .4 # | 1.5x102 | 5.4x10° 20x 10! 1.9%10-1 | 9.8x10-1
Y v 6.0x10! | 9.1x10° 48x%x 10! 6.0x1071 | 5.0x10°
I 1.0X10°9 | 3.0x10° 14x10' | 12x10=! | 4.7x10™!
i * — 89x10—1 | 1.4x10! 1.5x10~! | 1.9x10°




Moo e E

2—5y PTLE 2 Na 28 Mg

65M oV 200MeV | 250MeV | 200MeV | 250MeV
FrY Y a4 - 46x10~° | 90x10—* - -
2 F VY A 1 1 1 - -
TrHI=y oA 1.3x1072 | 22x10~2 | 29x1072 - -
g 4 #F | 66x107*% | 41x107% | 49x1078 1 1
) v 26%x10~% | 62x10~% | 1.2x10~2 | 1.o0x10~! | 1.6x10~1
4 4 v 45x10—% | 26x10~% | 37x10~% | 20%x10™2 | 1.5x107?
b7} E - 84%x1073 | 40x103 15%x10~2 | 6.8x10—2

HINBEeATHEN, )Yk HEENLORENBRICKENELZEED S, 2OL 9%
i Wa lker, Morton LOFSE T HbH, 240MeVTrAEL LU Y Y2BFLT S FOIX
%%ibtgm,Uy#g@wF@W%ﬁ¢4ilb@%hibﬁﬁw%%%%fm5oﬁi#&
OB MgDOHEF I ENWTIFERREZ - ENRON A,

e UNag=2s %Yy a0 (17, p) RE*FBEThEHRESEORBNRINE DN S, PMg
F=2 Ay AOHUFERED 5 bTRERPOBIENIO TS5, (n, 1) KIETEHAR
LIC ¢ s, BERISIC g 7 A%, ) i DEBICHEES 5 © L 5Tk 2,

§ 2 HABREWICLIDEEEERERL (EERKE)

RMGAER L, MG 52 Y 3, MEBEICIAHROMRBERLDIC, &1
MRIEIC 5 TR Tl 1) 2) 3) 4) BEEOMG, —BIC, T F— T TS,
AEYRRNT LGRS TWAOREE TS 5, LT, BEERERNLE, AFRTfOT F v —
PEHEICL 5T, KELE D oTL o THhIZ, AFRF, HINFORBE A Arvy—-CIoT,
BRI 2EXT » 70X €y PBABENEN L, ERNLICERST DO TH b,

WA O R E Y RFE IR O TRb4 5o

p(J)oc0(0)(2+1) exp (—(J+5)2/ 2U%) (1)

o(J) : 2 J OV VOENTRE
0(0) 1 A€ OOV ANVOEAHE
U < REYDHEEHEMEST D REYPEATA~F—, BOBHE—4Y 1 &
BECEGS5,
Huizenga & Vandenvoschld X E¥H#-S 5 A — 2 —%, BWEBYBRIGIK #EHE 7~
% N ERAHEIC X b B0 MR RERIL &, FRELOREICL T Kbt
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2ELEY coEFAT, (1) =7, MEOX CXOfE, (2) ASFRTIC X BEARTAMIC
LHAEYRA, (B)IWFERICHOUDMEE 2 A5, (4) ERRKICHEC, T ERH O
T-cascade DE L L2 v, (5) WEMBOR €Y OfE4%E 45 T 5,

BHEHE D COMROHBRIBICONTEL B L, BOXTRIROE 443 &, BIHEO X &>
B, BEFEERACVICEFLEN, REXHHEMLOBES TS D, MBLEKERLOWTE T
RHER T B, FHRTH, BMOKFBINEE, LIE Lo 5T, £—4» MEOREY ;
=008, #&BoA Yy ] =1T, I 008, J,=1—1, I, [+1 27 »
FEN, K, BEOER (2J41) K- THABT S EE S 2, BHFETFOBBERICE,
SR S LICRHE AN, B, H, Auerbach £F. 0. T, Perey®) O30 %Mk, X, K
FHRHBEDT —h 2 —VFiddipole DAh%eEL 23, zHhid, Vandenvosch st L <
B LS, BERBETHHC LERL T bo KRG Tdipole BINOAFSEER T 4 4%
—HETE, AFAEFT AV EF—CLBENCE 2EROENTKENLDTE WL, ﬁﬁ%%,

COERECERB LZO0NEZ 0% WE, BAZIDOTEZ Ve —BIE LT, 4°Sc(7, n)tSci
BT 8. 0% b —EDH T T LA O U — 2,3 (051 B AT % € 5 HE 1 ICR Lt o

04— 047
- =2 -~ o=3
03— 0.3
€c - L
a o
ws 02 02—
sa L L
> -
pogn
s n 01— 01—
s L L
1 | . . [
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Jc - Je—
Fig 1 Relative spin distribution after one

neutron evaporation from *3Sc* for
different values of [

ERIE U, &0 LBERD 20, RORET— 4~ b LRBEOESTH AU, BHR
EERBLME U, #RRIC L 5 Thk,
Ul=Cgxt (2)
Ceg=000664x(jy+j,+1)AY* . (3)
IN

_ }Nmmow>mxofﬁent¢ﬁ%a@%@¥ﬁj-@
Jz
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C IS OROHE L Tang Le Counteur’)8)9) 0y ,TA2ANAIDTH 2,
EER Vv IAE, SERE, LEWOR T, REAnn 0S4 v, 2 XBCHAL, HE O
Linac TBAT A V¥—30, 45, 40, 60, 65MeV 7 HIBEH r HTRH Lk, BHEITAK
% SR B 72 IO % BERIAT o 720 BBEIEE, 397 x 3" Nal, Xif36ce Ge(Li)fkHERE~
NFF v Z & PHAR FAWT, BB%EIL, BHMEORREIT -7co EHEE RO LI, &
HEQHREC L 2BEET W, ~4Ci/mole at satudPBTRL, EHLEER Y ER
B/ BACYHEREVERBETELTNS, flE LTRABAAREELOT V% 45MeV TR
5 LUEBEO X2 b v ERT,

BRI, £ ~F y MR EERBORE DR EFHIE2 TR LK,

sample-detector distance 59cm
measurement time 10 min
decay time o8 day

0416

0-
I

counts / channel / 10 min

I ] | | |
250 300 400 500 600
channel number

10

Fig, 2 Spectrum of Te in 45MeV
photonuclear reaction
£1, 20BNT20Me VOBEEIEMROS A+ » ZICLAER TS b 1240 OfEE, UHFEOH
FREEBECIZIDTH S,
52Mnig Mo (7, 32), 7Y Y(r, 2n) RIEK LB 3D THD, T—£FLT Table
of Isotopes'®) X b3 |A Lk,
ER KL, 20— RERLELT, £—% » FEOR YV IGEWNKOERDEN TH 5z &2
Hhe cNEUey, 232 ~50OMICELCEHL 5%DTHCLTEB, *Brol,,, #IEHIC



Table 1 Nuclear properties

tarmet residual nucleus inger—
ger mediate
nuc lous Io ground state | metastable state stato
spin spin spin
tS3¢ 7/2- 4 g5¢ 6+ 2+ 1+
55 Mn 5,92— 52 Mn 6+ 2+
Slpr 32— 80 By - 1+ 5~ 2~
8oy 1/2— | 87y 1,/2= 9,2+
1314 92+ | 112 1p 1+ 4+
12274 0t | 12l7e 1/2+ 11,72— 3/2+
128 g 0t | 1277 32+ 112~ 12+
130 7 g 0t | 129 7¢ 3/2+ 112~
107 pg | 12— 106 p o 1+ 6+
Taple 2 Isomeric yield ratios
residual yield
nucleus 7 max ratio Uexp
20MeV 0148
30 0.152
ge 25+0.2
45 0.156
60 0.166
45 0444001
52 3y 4.3
60 041+001
80Br 40 0.32%+0.02 >5
87y 40 0.089+ 0.002 .
112T¢ 30 0721005 3.254+0.1
121 g 20 036+0.01 38102
12774 30 0.1324 0.002
20 027003
129 74 30 0264002 3.440.2
45 027
106 pg 60 0.060

REWETS 2251+ (g) & 5+(m) OMEFLOFPRIMEAI 2, B~ LT Uexp ~
3&%Y, BIRO—BRAVERICHFE Lz N '

R (2)KRLY, HAETROE U, EEBRE Uy, EOHTD 2, COME% EHKOEES
st L, 7?:. » MFBERBICZ B, CORICENT, FAE—HHIC, 21EA%E 3L Br,
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139 Co BEENTNE DS, A~80 T Uy, Ue Table 3 Ratios 0f U, to Uc

1.1~09, A~200 T 08~0.7t% > TWn5,
target o U u,. /U
Y C . c

chid, EBEOE— A b3, BRIcEWTid - nucleus P
4530 17.6 213 1.17

BB EB L LELKER U TH 5208, B 55 Mn 10.3 249 1.7
81pyr 18.3 3.30 >15

g ED 80~T70 % oThn 4

TH, TOEDS %ICEo>TnDo ) 82 g3611) 186 3.33 0.90

BOBritonT, FIdbOUy,,=3 &M \nb & 118 1 35.1 448 0.72
122 7 36.6 469 0.81

Uexp /Ue =09 5% Do (7, 3n) 1€ £ 5 130 7 320 438 0.77

52Mn®ﬁ'§?€7t§\/\o COFGY, BINF E, 140 084) 31.9 4.37 0.57
198 1ge) 444 516 066

LIRELTEE L%?, quadrupole EIX

13
12+

1.0
"\e’(p/rco‘9 i
0.8
0.7

06 .

I
——
——

T

I i I
50 100 150 200

mass number of residual rucleus

Fig. 3 Relation of U,, /Ue¢ with

exp
mass number of residual

nucleus

EHELTHET S LUeyy/ Ue =1L %50 CONIGED L E AR 351M0V THH 205 5% Mn sk
D By BRIIC L BEERFBEICIZIWEEL bR D, chid, Y (7, 22)8TYIRIEK D
THE L B '

BEXGICL D, B—BEEET B0, KPWTEL Thk, THICPNTE, Van-

denvosch® )"F’Wei goldlz) ENHFEL, Uexpttj(ﬁiﬁ' LT3 Az E0HH-TW5S,

B Ak
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M—3 65T HEH B ik O %

BT M HR-BNE-—
FRRZYN - T B3
¥ B

BHEAICE 2k R e b L (F= 4 7 ORS (bDTEZ S L,

1) Vv ryEREBETELTHeROFEE (WEARK)

B Lc L 9 Ic e REBRT 2 v ¥ — 20Me VOKBESR TRHA LBE (7, n) KIEK
Y oTAs—74(17.94) OFF»HRINZ, BRTBOTALF—% 45~60MeV L35 LF
7% (v, 3n)RIBICX Y Ae—T72(264) 23R AN, ERRICVv Y 2RBHTLE (1, p),
(7, pn) RIGICE 5 TAs~T76(2654), As—T2(264) BENT Bo kR L, As—T2 O
I LT, Se—T4® (7, 2n), BC, At KL A@#IEL LML, 20MeV T RS L
BATAs—T20EFIR RN ED oo VY FRERTE - LTRINLER= A Vv ¥ —
20Me VOBIBIEESHR TR Lxth, LROEMKEABL, v 20 bENT S As—T 6 DK
FEREICK L, CE0DERT 2 As— T4 OMSHEREZHIE L TeREZER Lo TOIWNKH
BLLTNaI (T 3FERATHEML (RRZ PV IDNIORLEZ L 9CAs—T40 0511, 0596,
053MMV%IUAWWG@055%OESMMV@%EE—iﬁﬁ%éh&WO%ISEWEL
TAe~T6DWELF - THIETHERXZ b v I EE L% LD oT, NaI(T1l) 255
A As—T4+As—T6 O — 2 EREMREZAID, FEICREBRBEL TAs—76 OWE%FE-T
As—T4D ¥ —/ ERBELTAEL, BENBERICRE L (HEORENLERDL 2B T 20 C
DLOCLTY IWEREBELNS S, RREBEET 20T, RICKHEELTae(Li) 2
Lo A2 b vO—FIEE 21K Lize KA LNS L §ICET v F—O 1 BIAARICHEES
hb, 0559MeVONHE € — 7 EREICKHT 5 0596Me VOENOLR, LEBALRy L OMOB
FERALELIDOL IR VHBOL R FEI(ERT A E0TES, 2T LT HEFIC
b (n, 7)) IGDEENIE As—T5 0 bNERE L LTHERT 5 As—T6 21T 5703, TOFERE
RMUBEEEE T %o

2) BVIFryEREELELITL=FTOTE (FEBESHK, £8%)
ZFATEBRTILE— 17~6 0Me VOSIBBHB CTRE LLHES, 7HXN7 by 3R
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F1 EEHLE-IEERERL

Ry (As/Be) Ry, (" 2e/As) Ry/ Ry,
1 1168x102 586x%x10"1 1.99x10~2
2 5192x103 260x10! 2.00x1 02
3 1.042x1073 524x1072 1.99x1 072
4 4925x10* 241x1072 2.09x1 02

¥ (2.024003)x1072

HENb—90 % XU ND—9 2cm DAENNHERIN%, T2bb (r, 3n) KIGE THES T L2415
Nt, chETHAvF—MIC IMET 2V, ) 77T Y% BEH LABEEND—90, 91m, 92m,
95m, 95, 96 DAERLRRO bk, =47 OFEEIC (7, n) KIGIK X 5 TEFTHNp—92m #{&

10 =
L ~ o
a
- 5 2
- 3 Q.
2
- ~ >
> o
o —~
- = . o z
&a . a Z 2
o~ o Z 4 o
2 s 7 = > °
z >
e ‘0:—‘ o > o
N r ® s —_ 20
; C > s © a =z
A L S o ~ o~ z © E
V= b © ~5 9 H 2
tor z 5 35 2 -
™ - < i £ a2 - 33
< N o |z -~ ® >3
8 Nk § = =
— sl 2= € o~ S
Ay - S|3T & a o
poes STY > = —~
=< 5l-g &
xR, Ssllze =
i 10— e o
— o o
L o
10 1 1 | 1 ! !
0 100 200 300 400 500 600

F v VRN

BRrfBO=x2VF— 1 1TMeV
HEEIRFE 604
HlEzcoRBEM: 21H
EEHNH I Np Mo =436x10"3

3 =3 TEHOr FANZ b
(Nb,/No=436x10"3)
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POLTHLE, RERTEOE) 77 v bR —BERERT L LIEEE L kW, ThTT
ANF=OER, HEBPFROFAKTAVF—% 20MeV L LThin%Z 2D BEOND—9 2n ©
BERARbNZ, 1TMeV EFNIF I EFREOERBRONE o X o> T 1 TMeV TR
BT &I Lico MEOERY T BHPEAHE L7c =+ TEMGEREWO T A~ M vOFIFE 3 IC
Lo Ry &Ry, & OBIMRIEE 21C L7z,

R2 EEhlLC-/EEREL
Ry, Ry /R4,
Ry 1. 0.934Me v/ | IL 0.934MeV,” I I

0.235MeV 1.092Me V
1.470x107* | 3.33%x1072% | 999x10™2% | 441x10~3 1.67x10—3
5694x107% | 121x107! | 351x10~! | 471x10~3 | 1.62x10—3
1.117x1073 | 241x10~1 | 663x10~! | 463x10~3 | 1.68x10—3
3.190x1073 | 678x10~1| 1.19x10-! | 471x10~3 | 1.60x10—3
4.356x1073 | 974x107! | 264x10-! | 447x10~% | 171x10~3

2o (459%012)x10—3% (1.66+0.04)x103

HEORICH LWESRERA Lh=4 7 OFBICFALES o

3) TANTVYYLDHHENER (Fis—)

KEFBEHMATCE T, ERENTTR L b ENT 5 MR LT — AN EETE L D
ENTAHCEEEETL (RN, R E X ERO=4T7OERICEHNT, B 8b(7, )N KIE
EFRRLTC=A47%TER8T 53, REEL LTEMLAEE) 7T >0 lemNb EC s AR N
BEOBBEARTEEL 220 Y 77 20 b 92 Np DART 9.1 z%ﬁﬁa‘élgwo@ (ry pn) &
2N (7, dIREBELbN Do TNLORIGE T 4 V¥ —Icid 20MeV TIHEE b B2 WEF
T35 BRBECELEN DT TE 2085, Lo THEEFBOZ 2 4% %3 5ICF
7e\no U EQ BEIHSHAHEICT 2 b < Y M T E 2050 %At L, B Ca v — 2—%
LR L RUGE & OBfR%E Hk,

:y»—ﬂ—&bfmgéammoaﬁﬁ%ﬁ%,%%I%»%—u—mzmwvrumm e
B 12088 L, BHEKG LEZE—24 o bA— g —hCEO & 5 1ICEMH LT 1 EREBEL %o
FHELTHROSTRERY, <¥AHv, =7 %y v, 8, B, TVI=9a, <A,
DIRFICIE, 23— 2 =55 3 FFTIICHE L, SB OK E XX 5nmx5mnx lnmm & L, FH
THREHEERN L CRFRELER Lc, cOObwr Ay, 4, EHF L0484 TR (1, n) K
5%, Y7/AYY L, BATE (1, p) KIGE 2 LT 2HEFOFEER <> H >, Trs=
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3mm
Pt avoN— 42—

B &AL B

A, &THE L. &AM OB FEREOHIEICT 3”% 3" NaI(T1), 36cc GefLi)
2X0F1024, 800 F » ¥ VEESMERZFMER L,
BEEEIT Mo (7, o) Mn IS L5 M Mn 0 ERED SETE L%, BRIEEF IR L%,

#£3 KEEEECLZHEM

mox %= B | #B(R/nin) 1 %

20MeVF R b = ¥ ¥ 1.0gx 10° 2 v 3—2—3mm, FHEHR 1244
20MeV AER 18gx 10° a2V —2—3mm, FHER 18 uA
20MeVEHZAF » 2 - 94,%x 108 TN —z—3mm, FEEN40uA

B 747 » 2 OEDPEECENADILE— 25BN T NI EN—FRERZFERTS %, (R
PoBE5mnd) 72 b =¥ L AFOBEITTERBEICHAL Tnd, ThHbELTT AL
XYY DE—L AR, POKEXF25mme LA B, Thidok b ELEZEEELDND, T X
b, 20MeVF X b <y Fe—axd , ha &L, BIEFHMIL5%6IERT £NOK
FANTTRE L 2 B L E 4 bhbo 2%k, REOWERS K& LTBHTIE, €—2xF, O
B BABREN S —TEZTHD9,

BEa =2 =55 OEMIC L AENIEOERBEOLELER 4 TR Lk, ThiChiE, (7,
n)FLU(r, p) RIGED, BUARTEDS LTnbEdbrd, 8L (1, n), (7, p)XIE
BT, BIBESRO T h A E —BAE EAEE L LT NE EAbh b

T OEEIE "M (n, 7 )% Mn, °TAu(n, 7)1 Au RIGTHER Lo PHFICLBK
AT NTOMEB TEEINS, Lid-Cr RIS X - TEBT ARENSHET 2R ETICr 5
TRAERT BTREMO S 2B AICHEET 5 2 L2 BT 5o |



1. 197Au (7,

2.
3.
4.

65011(7‘1

55
Mn(n,

197
Au(n,

HizE :

1 L L

0 2 4 6
H&I YN~ 5 =250 (om)

n NM%%Au, 0.33040356MeV
n)%4Cuy, 0.511MeV (4T
r) %%Mn, 1.81MeV

7 )8Ay, 0.412MeV

L
10 12 14

5.25Mg (7, p)**Na,
6.%82n (7, p)¥7Cy,
7. **Mn(r, n )%*Mn,
8.66Zn(7’, n)65Zn,

4.d 36cc Ge(Li), ZOM 376 x3"NaI(T1)

4

1.37MeV
0.184MeV
0.835MeV
1.12MeV
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W—4 IT,p BC %% O -Z BT 5 (L3 %3

HEMAY  KRE B A KRKAT
58 ME-S% Fi
(EESEIE

M) 1Bl R, 54 F o 2 ORIBIEREIIC L 5 (1, n) KISHFIH L T4 T
2L HEEED 9 b, PN i LM Br OREEAICHE O (LEHNRHEICE L TE L LT Us

§1 “Ni @i#i~*xv7 >3 >v=,4 (L) #@ko gH(EC)
EErICHESIIEFH DR :

STWA(REA T 36EERT ) AT (BC) BE L 5 THE LS 7 Co (ERIA: 2708 DO (L
EHICET 2B %BoE20I, ~xy Ty Iv=, 00 (IDEERCENT, TEEC LEY
FRATY CoBR LEBOYPHREE, 7=—1 ¥ 7RICDONTHRE L%,

BRIL= » 4 2% BK 40 Mo VHIBIHCISERNIC L b SESRIMST L2 th, 57 Co b /bl L57 N 1 8 B gt
REEW Lo $5thk% N4 T4 XEEWC26 B EHE L2, 14 ackicx b 7 Co Eik
(EHBOA %KD %o

ST Co(NH, W3 OB, B1WWRINTNE LI, BIENOBAEE % > TWnhe T
b bR S b EFOLE (LBRBIC, #EPOBMMEHEIVEEL Thad0LlEL LN,

TE=—1) Y RIGOERE4F21CE LOTRT, 60CTARHT=—Y ¥/ Lel &, %" Co

£1 ~xy7riv=yoa (D) #kKETs
270 o (LEFE WA E

v s T Co ZRRLFETBONE (% )
CoZt Co(NHs)sx 2+ Co(NHgT
(*Ni(NH3g)s )S208 58.0 5.6 ' 36.2
(*Ni(NHz)s 3 (C10,), 628 5.3 313
(*Ni(NH;)g ) (NO3), 654 7.2 212
(*Ni(NH3z)s)Iq 703 2.7 26.9
(*Ni(NH3z)s JBr, 728 1.6 257
(*Ni(NHz)6)C1, 726 23 24.7
[*Ni(NH3)6J)CTO,4 81.6 1.6 169
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F2 oo (D (LHFEORKCHT 5 INEEE OFE

t & R R Aysoc(%) 'AYSOC(%)
(%) 4hr 4nr

(*Ni(NH;3) ¢) 8,08 41.8 32.8 365
(*N1(NH3) ) (NO,), 34.4 15.2 11.3
(*Ni(NH3)g)Cro, 18.1 104 26.0
(*Ni(NH;3)6J(C104), 36.6 0.5 0.1
(*Ni(NHz)6)I, 29.6 1.6 —36
(*Ni(NH4)6)Br, 27.3 04 2.0
(*Ni(NH3)6J)C1, 27.0 0.2 11.0

AYT=.YT(co(]]1))—Ini tial Yield(co{l))

(D) (EHEBOREOHEMOEISE, E1CELhA X 5K, BAFOBLACIKELT WA, L
HLBOCTARHT =—Y v 7 LEBAC cOFEERE bz Wold, #koswiett 3 B E
LT B2DTHY, T=—V) RGBT v EHICx %,

§2 *'Ni(I)-EDTAg4ICs T2 A (EC) MEIC 5 (L 2MmE

BRIGICH 9 —KkiBR T, RRET/BERE S0 LREHRTE X (bR Tnde L
# LB, #AER T, RBETSBAY L VB WRICRIECREINBFEED T e =0
BB 2 BB B %8 2 BT, KBEBRIKE AT N1 OBELIC Y 5T L% Y con 3 fiio
REETRIAN2E4%, BDTASMKE s THE Lk,

TAF v 25 FANTHELZ NI ZFANT BDTASKEAR L, % Co DA% 1 4~ HalE
ICx bk,

#£3 "co(ll)-EDTADIEK
(Co(I)-EDTA)=(Co(MM)-EDTA )=10x10"3M ;
(Ni(Il)-BEDTA)~20%x10"2M ; (EDTA)

total =
25x1072M
BE | HRERRN Tco()-EDTAOIE (% )
© (H) PH3.0 pH35 pH40 pH45 PH5.0

3 3.8 38 3.7 4.0 3.1
6 40 46 4.1 4.8 35
0 10 45 42 4.4 45 47
38 41 40 3.8 4.1 3.8
3 5.6 48 5.0 4.7 3.8
25 5 5.3 5.4 5.3 4.7 3.9
9 5.1 5.2 5.3 4.9 4.0
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FERITE IR Lo S7Co () —~EDT ASSKDINER, RO pH, HERHE X FBEIKE
Lz &b, ChLOEREMCETABEEEL Y, RBEEFORBHOSASICESEI N
NBEECH S EENDRLRB L0 EEL bhb,

§3 EZEBEOREBRGEBLCHEILIYIDER

S1Br (7, n)3™BrKIGICL 5 THBLN28mMBr 2FfH LCKSmBro, 07 =—Y > 2 i
%%MK&%?%&%K,%ﬁomﬁﬁé3ﬁ@mﬂw%%TWﬁUiﬁ@&%i@ﬁ%é&u
EEIC T 2 B RER BB ICHE O (LEFMEIRIC D WTHEE Lo

K8MBro, @7 ==Y ¥ Zfi#d, B 1ICRINTNG X 51C, BMAME N VRN A%
LTn2e CZOHRY Batoman HEEEE A L CRERMICHN LR, 7=—1 > 7 %
THOEEH EHRCE T 2 2 EDbroe COZELLRMEFOT=—Y) » 7Lk, 7=—
) TRERICEE L TWAZORBOARMRI T=—) v 73 n 2%, HIL{ELEL & L~
BroT=—Y) Y SEESEEIND C EREENIGRE N,

(%)

VFYYay

°
— .

| I ! J
300 100 200 300

INBARERT (47)

K1 K8OMBro, nT=—1 v i

TAn) +EEBREMREICET )Ty v o v 3E A LB TTYe T=— ) v /X h2d]
& (4R, Trn ) SBEORE LERICEA 4w 5ENTRD bR, B4 4204+~ (LEED

KENE, dRIKELS 22, cDCLE, RBEEETFOT=—) ¥ /RIETlH, HEHEE 2
EERREZRL T2 L2 TR LTWS,



131

Fd4 OTBrEMARMEICETE) T,

N N D B
Ca(*Bro,), 250 53.4 28.4 1182
Sr(*Bro,), 226 46.9 243 1098
Ba (*Br0y), 218 42.9 211 995

51 A X B
1) K& fh, EFHFESHE, Vol.1, (No.2), 129(1968).
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M—5 U() ofbENEENCE T 505

LW Bk - EEBT

RIHAICE [ BB U0, % 4 0~6 OMeVHIBMA R TRF L 232U (r, n)B UL b & L 7~
BIgF v —v—LLTHWAZ &L D, HREBKRS 5O de-n~duthyl phosphate
(DBP)%ttrdi(2-ethyl hexyl) phosphoric acid (HDREP) X% 3ffiv
5 Y ORHEBIICOWTHE Lk, 34 HHDBPE L (FHD RHPIC X 2 HHERO KT 34 BH
1, No. 13 LU No. 2 ICHE LaAmAlHR & bICF — 4 % 52210 5 B TER 2 Eh,
U7 235 T ks LCERBFER LD oERE T~ il LT 40 LA LERER O A
*BRL7% o
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log D
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-2
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log (H"
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log D
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log (DBP)

U () O AL O DBPE EIRIREE
Mo ER

T T T
—0—0-_ 0.06M Hcl
[ -e—e- 0.10M Hcl
bd—8— " 014M Hcl

-2 -1 0
log (EHP)

U OB O BHD B HP 8 BEER A EE
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FFEV 2L RBERIIRT Iy 5RO HE

BARES - HKER— - BFETF
o F G

interaction B WRICDANT, (KFEHEOTBE R

B EABEENAMMEOMORANERFELPCLTE R, WhiZEE L TOBEORENICER

b1, NEEEE T,
AxY =0 LEEOBETY, #
ECAR B RIE TR RIC A E O %2 3%
WE A Z N EBB LI i,
SEEE B &2 % v — h ICEAT
FHFELT, Tra—n, T—
T, TAFNELUL b S D—
BOAF Y =9 ABRELCONT,
7 5 =n—TTAGKDS B D
NTHND o BEDESI 2N 535
G, BEELTOBEORE
AT & LTORR I b 5
O TEEOKE % BE LA O
BitE% B 5 2
FHiE L BRU(r, n) 30 R
IMTHERLZ?TU% b v—3—

.
SZ)Q

LT, TTABWSE pHLS ~3

O (H Na )C10, B (#=0.1)

% 2 5CT 2 0 Bl b B C P8

AR th, WAO 1 - BUHRE % )
£ LTHEE (D ke, v

8.0)

log Dm (pAs=

-2

Fig.1

© Ether
® Alcohol

/
A Keton 7/
A Ester //
/
/

Inert /
Solvent\7/

Es /

Correlation between the
distribution coefficients of
TTA and its uranyl complex.
The numbers in Figs, 1 and 2
refer to Table 1.
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Table 1. Distribution coefficients of TTA and
its uranyl complex
(H, Na)C10,=0.10, 25C
No. Solvent logPyy (;Zigg) o} Solvent TogPgy (;zigg)
Alcohol Ester
Al|1-Butanol 149 —0.70 Esl|Ethyl 2.27 046
acetate
A2l 1~-Pentanol 1.64 —051 Es2|{n-Butyl 222 042
acCetate
A3{3-Methyl-1- 1.58 —060 Ees3|Isoamyl 227 056
butanol acetate
A4|11-Hexanol 159 —050 Esd4|n-Octyl 1.80 —0.38
acetate
AS5|4-Methyl-2~ 1.36 —1.05 Egb|2-Ethyl 1.84 —0.42
pentanol hexyl
acetate
A6|1~0Octanol 146 —0.72 Es6 |Butyl 203 —002
propionate
A7|2-0Octanol 1.35 —0.73 Es7 |Butyl 1.94 —0.34
butyrate
A8 | 2-Ethyl1-1-~ 147 —110 Eg8 |[Ethy1l 200 0.06
hexanol benzoate
A9 Bengzyl 1.75 —0.50 Es9 |Isopropyl 2.29 040
alcohol acetate
Ether Ketone
El |Ethyl ether 1.91 0.27 K1 |2-Butanone 1.37 —14
E2 |n-Propyl 150 —0.64 K2 |2-Pentanone 231 0.94
other
E3 |Isopropyl 1.51 —0.53 K3 |4-Methyl-2- 2.30 0.70
ether rentanone
E4 |[n=Butyl 1.29 —1.22 K4 |2-0ctanone 2.21 0.63
ether
ES5 |[Isoamyl 1.08 —1.80 K5 [3-Heptanone 2.19 047
ether
E6 |Bengzyl 150 —1.18 K6 |[4~Heptanone 2.16 038
e ther
E7 |Ally1l ether 1.78 —0.50 K7 |2-Nonanone 2.03 0.30
E8 |n-Butyl 1.63 —0.35 K8 |5-Me thyl-3- 2.06 010
ethyl ether heptanone
E9 |Bis (2~ 1.70 —114 K9 26-Dimethyl - 1.90 —0.28
chloroe thyl) 4-heptanone
ether

7 = MREEL, 1074 ~1 07 M OEBERHE T,

i1

z

VIREE AT,

SECHCEE L 2 WEEHEL D, BERF 10 Moy
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B vo=A—TTARLU— hOBBICELT, %7 =V aBHEANEE, TEEER
DEAICH~T, SEEE L AT Bo CHEY 7 =v— TTAFV— PCE b ICHERS F 5
s 2h5LE2b0 b, logDy ve.pA%HhbLslope-2 @E%E@%%ﬂ_ﬁb, SBLT 5 (b
FEF U0, A (FLCIEELICAFY = 2BFENBRA LAY ) TH2o T TADOHEFH R
pABOKCHITBY 7 ¥ DAL (Dy) #3R®, Table 1 IC77T,

log Dy ve. 10g(S),(S: A%V =y W) Eslopel DEMRERL, TV —
U0, A, ICH L—SFOBEPEAIL T2 L2 B, BB Y ORME > TNEDED D,
CfkE 3 TER specific interactionoiEbi WHEA LERO R 4 AT LY B
TEZV, BN L, BEROEMIMELZEETDE > T IEE L LTOBE oREIRDPEZNDT,
FNEEBERE LT, *v— REOHRIM (Py,) & OB ARER 22 LITHEETD Do
pAB.0ICHIT BAFEL LogDy & 1oaPy, OMBA R, Fig, LIORIRICKERHELE

)

1]

<

o

o

<

~

o

>

£ -1F

=

8‘ Ether
Alcohol
Keton
Ester

i I 1
-1 0 1

log Dm (ZnAz2, pA=50)

Fig. 2 Correlation between the the distribution
ratios of zinc complex and uranyl complex,.
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KT TMIA—N, T—=FTNTN—=70 slope 2. 4DEMREPLLOETFAE Vs by, =2 F
NI N—TD slope 2.3 DEMICKFIEI N L LBOANEEBHROBE 2AH TTrT, ¢ h
HEIBEO 7 v— T OB ICS Sh ABERTFO basicity BEEOIDO LY 3B N L, LU
TNFALENE S Thbasicity CREZEEE RITSZWEFZRMLTWE LEL LN b, &
CAFHRICEFEE 25 WE%F D benzyl alcohol, allyl ether, bis(2-
chloroethyl)ether BUfbenzyl ether Tl basicity 2MET L, RRArbEdss 25,
ERHLRKEZAOThRRBOL NS,

ILICHEFED KFERERZEVBOBE® LT, HE4FER2 L, WO/ Vv—F L 3 iz ¥
slope 2 DEMBMFLE L b, NEMEER LF LERE RS, cOBE, BEOEMIESHER
THoTh, BELLTODRICHAMECS 2 2 LEFRT 230 T2, ChLOERRE, HH
—TTAFV— FCONWTELNERER*EBOTELULTH 2, BIb, U0,A, KT 24%Y =
v LB OBNIRED Zn b, ICHT O LEABETSY, Lo L Fig.2 KRFHEIC1og Dy
(U0 4A,) vs. logDy (Znd,) dslopel DEHE LY, BHORMOWERUEI I,
FERT32 LR LTE Y, REBRENEHZ Th b, BHOBMIFELRTHoTd, HHE

' L'C@&%Uéﬁﬁﬁtﬁ%& Lo &EFIE LT HE, SROBAEEHEIN L, cOBrE
% Fd OB S O B —ROICERATEE L5 bh b,

* FEMR— BARE, HHHWB, PFILFEEE17TELHEESZSE B385 (1968).
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-7 7 o HFBE~OHREHRT 7 7 PEHEG

FEKHE ZIIRE - A LHE

B 0

—BEOESFTEERINLMESBL c L al#r c &g, ZBHU Lo/ FE2 7 v
FHLNWEAREEIETHANE TERE A>Tk, T7 0 Yy TREIND 7 , REMFEEW -
(LSHCE5% T 5 2T | B SICRERD 2o COREO—HEL LTI 57 VEAE E
b B, RIGEHHCD WA Lo

% B

RY T ofbe=)Fy, RYFrFrvunzFrrri FETAABECEREEL I 2w,
ThblILs 27 FRIGEHC IELOCEHEHBERANLO0ELE EEL b, & (ICPTF X
ENICEER L bd D, BB 10T RREOa vt 60T MEHNTEATS %2277 PRIG%
XRDHELEEATERD 570 CORDBHEFHRREEL LT LINACEFA Lo

RIZA— 7 TCHEBLTWABHAEOMHIC1x10x5cni2EOT»IEgE2 L O, chic
AE P IUBEST AR, v —2 L FfTe —2FLI b 2cmDE TAHICHRE Lko TOHRE
OMEHR L e —+ BN 100mADL & 10°7 / minBRETH o 7o
FERTRERPHBIMEC Lo ko BHELAPTFHK (200 45 v ) 2ERBICEIX F
VB ENEW ODOBEDRFVADAL S — MR E L, BEGSKE, MEL, #80TCIC 5
BEE 2oL, T T AREEE DB LVY 7 2v—mililc I b xeR Y = —%KEL, IR
ARZINMCLY 757 P RERDK

& R &

757 VEEOKISHOMEII L b 2757 V EBELERZLORY = —COWTHEII T
nde EXCI T 7 MEOIEBHEOHMRE LONBRDOIC, RFVIEHTE AL —VOFE%:
Ao MICGRT EOKT 7 a vy OBERRF VBRI, 24/ —VBENEFTEE & 20
30 L ECH B EET T 50 CHER) 7 vfbe=)F 3R > kBATD S0 LERD 2
Caxnt 6007T#H (ERESX1087 DICLAR) 7 » ke =) F»TD I 77 PRICT TS A
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2 ) —AOEBRH 2 CGRTe cOBERFKICRT L OICHERER ) ~—DOPFENA L/ —
MEEL LD AT LT ENLLAT, Trommedort HRICIEZEERIGOMEILD L3¢ 7
57 VMEODTFRWERICL VD EEL LN, OBEMROXBENEREE ER LT 0 TR
ENWLEHRTED, 770y TRALZ /=304 DEES T 7 P EPRRICEZLOE Tromms -
Aro fWRRT CHBEHETE R Vo 275 7 MEMMBOFR ) =~ LXNTENEZ E2 5T RIG
WAT 7 ayDCLEERLCETLOAIADLT, Led cOBBEDR A 2/ —VMEENRT FTICONT
NI BB 57 PEMETTEHEEL LN S,
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Ul —8 JERZI IS D ¥ AL % B i 52

By BEEE - EHET
EINZEE

53 E
BIER ) 1CB | &% B209B1 OB T X v ¥ — 4 ¥ <HRIC L 2 BALEMER LR D 2 50 5FF o T &g
1 BB R A VCBREAL % POV LIRS 2 © & 2 20 B0 3 2o
2. BHBERESERIL TS 5> T, SOBRMEKRNE L llE T 2 HHEICE1T 2 HEEED I
E OFSRIEOZAL & b FHEED = & > A5 B 1T B
BE9 1B L TR EICEREMGET T2 50 BAY 2 ICH LTIl 3 3Rtk A R B 0018
NHDUEMIL & LTRON2134Cs, # L UBEREE LTBLALYNDEE b Bk,

EBRELUMBER

MEE 999999 DGEBi ¢ BEFEMRIER T+ +¥—250, 200, 1 50Mevbﬁﬁu§mﬂz§a‘
WEH) 2BEHBH Lco 25— 2—(306mm D Ta % flnk, Bi BFoBRRICLCehs 7
NVIFETCBH, TVIROW T e VICRA L TEEE AW TBN 21T- %o

Ce, NDOLHEAEEFOOMAICL hFE LM 1 IGRFBIEICH 7o

Ce OB ET 2RMIZN 205 TH b, ZO(FNEIZ88~90% Th oo NDOIEEICE
AR 1RH TS Y, TOMFRREN 90% Th oo B ONAMBMHEMERILEE1I1C
T Lo SHRIEBRMEELM L3¢5 LICHuizenga, Vandenbosch?) (C ¢ SE1%
ek T\ndo

X 57N
1) s, R ABIRFIAFERSE 1, 140(1968),

2)J.R.Huizenga & R.Vandenbosch, Phys. Rev., 120, 1305(1960)
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2) AME - A B, 1968, NEMICHT AETREHOLN LB L, 60MeVDE
FRIC L2 4 ) OWLBEORS, R AMEFHERE 1, 143—147,
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