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PREFACE 

The reports, herein collected, present progress of those 

researches related to the nuclear data of interest to the 

development of the nuclear energy program. This edition covers 

a period of November 1, 1968 to July 31? 1969. 

The informations herein contained are of a nature of 

"Private Communication." They should not be quoted without 

author's permission. 
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HKBB^g^^f^WUCINDAH^g-g^.^^, f̂iaô -g-H" "private communication" <b 

R^, H K ^ ^ - ^ H , A^^^H^2 OMeV NTOt^oR^MEfiiM^mB 
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I. Japan Atomic Energy Research Institute 

A. Neutron Experiments - Reactor 

I-A-l. The Parameters of the 0.099-eV Neutron Resonance in Sm-149 

T. Asami, K. Okamoto, K. Ideno and Y. Ohno 

A full.paper on this subject was published in the Journal of the 

Physical Society of Japan .26 (1969) 225 with an abstract as follows : 

Measurements of the 0.099-eV resonance in Sm-149 have been made with a 

crystal spectrometer and a neutron velocity selector in the energy range 

from 0.0006 to 1 eV. Samples highly enriched to 97.42 % in Sm-149 were used. 

The observed neutron transmissions were analysed by a shape method using a 

Breit-Wigner single level formula. The resonance parameters obtained from 

the analysis are ^ E = 0.0989 ± 0.0008 eV, r= 59-5 ± 0.8 meV, and 

f° = 1.71 i 0.03 meVy assuming the statistical weight factor is 9/l6. The 

2200 m/sec value of the total cross section is 37?000 i 1,600 barns. 

The final values of the parameters are the same as the values which had 

been reported in the progress report, EANDC (j) 8 "L"„ p. 1, (1968). 
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i-A-2. The Parameters of the Low-Lying Neutron Resonances in 

Gd-155 and Gd-157 

Y. Ohno, T. Asami, K. Okamoto, K. Ideno and S. Ohtomo 

155 157 The measurements of the total cross-section for Gd and Gd were 

outlined in the previous report, EANDC (j) 10 "L", p. 2, Nov. 1968. 

The cross section curves are shown in the Figure. These data were 

analysed to obtain the parameters of the low-lying neutron resonances. 

The values of the parameter (E , f° ? f ) are in agreement with the values 

of Holler et al. for both Gd isotopes. The details will be published in 

near future. 

Reference : 

l) H.B. Miller, F.G. Shore and V.L. Sailor, Nucl. Sci. and Eng. 

183. 
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I-A-3° The Thermal-Neutron Induced (n, <x ) Reactions in Rare-Earth 

Elements 

K. Okamoto 

The (n̂ tt ) reaction was investigated on Sm, Sm, ^Nd and ***̂ Nd 

for the thermal neutrons, and the effective cross sections were obtained. 

The reaction cross sections at the neutron energy of 0.0253 eV 

("2200 m/sec" values) were deduced from the observed neutron spectrum of 

JRR-2. The preliminary results of ̂ S m , and *^Nd (^^ ) 
reaction were 

represented in EANDC (j) 8 "L", p. 1, 1968. The final results are 

summarized in the table. A full paper on this experiment will be published 

as "The ( n, <x ) Reaction on Samarium and Neodymium Isotopes induced by 

Thermal Neutrons". 

Table Results on the (n..,t) Reaction 

Target 
Nucleus 

^ S m 

I43„d 

^ S m 

^ 

Ex 
(MeV) 

9.19 

8.74 

8.18 

8.02 

9.44 

7.89 

7.59 

9.85 

9-17 

8.57 

7.94 

Residual 
Nucleus 

***̂ Nd gnd 0* 

1st 2* 

2nd 4**" 

3rd 3' 
etc 

140- . „+ 
Ce gnd 0 

1st 2* 

2nd 0+ 

^^Nd gnd 0* 

1st 2+ 

*^Ce gnd 0+ 

1st 2*** 

i^ (mb) 

8.2 + 0.8 

35.4 + 5-7 

- 1.6 ± 0.8 

— 1.8 

25.2 ± 3-0 

^ 0.3 

^ 0.3 

0.29 ± 0.06 

0.86 i 0.17 

- 0.2 

- 0.2 

<7„a; (mb) 

5.0 + 0.5 

f 19.4 (from 4") 
23.5 + 3.7 j 4.1 ( ^ ^-) 

. . + ^ , f 1.0 (from 4") 
-1.1 ± 0.6 ^ Q ^ (^^ ^-) 

f 1.0 (from 4") 
1 0.2 (from 3 ) 

15.5 i 1.6 

^ 0.2 

^ 0.2 

0.18 + 0.04 

0.53 i 0.10 

^ 0.1 

<. 0.1 

Reduced alpha. 
Width <!* (eV) 

3-0 

6.9 

1.2 

4.0 

11.4 

<16.6 

0.3 

2.4 

< 7.0 

< 27 

*?tx is the effective cross section for the neutron spectrum used, <7„a is the cross section 

at the neutron energy of 0.0253 eV. 
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I-A-4. Nuclear Resonant Scattering of 6734-keV Lead Capture Gamma-Ray 

^ 120-from Sn 

N. Shikazono and Y. Kawarasaki 

The nuclear resonant scattering of the 6734-keV lead capture gamma-ray 

was studied by means of a 20 cc Ge(Li) detector. 

About 5-kg natural lead which served as the gamma-ray source was 

inserted into an experimental tube of the 10-MW research reactor, JRR-3. 

Natural tin was used as the scatterer. A new electronic system which 

rejects the slow-risetime pulses and also pile-up pulses was used in order 

to obtain a better resolution and a better signal-to-noise ratio. 

In the spectrum of the scattered gamma-rays, two peaks at 6734 keV and 

5558 keV were observed. The 6734-keV gamma-ray is an elastically scattered 

one and the 5558-keV gamma-ray corresponds to an inelastic transition from 

the 6734-keV resonant level to the 1176-keV level. 

The measurement of the angular distribution of the 6734-keV gamma-ray 

was performed. The results indicate that the spin sequence should be 

0-1-0, viz., the isotope responsible for the resonant scattering should be 

even-even. The energy of the level fed by the 5558-keV inelastic transition 

120 
is 1176 keV in agreement with the energy of the first excited state of Sn. 

120 
Consequently, it would be concluded that the resonant isotope is Sn. 
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B. Neutron Experiments - Linac 

I-B-l. Neutron-Resonance Parameters for Re 

K. Ideno, T. Asami, Y. Nakajima, M. Ohkubo and T. Fuketa 

The neutron transmission measurements for Re were outlined in the 

previous progress report (EANDC (j) 10 "L", p. 5? Nov. 1968). The analy­

ses on these data have been performed with both the shape and the area 

method. The parameters of about sixty resonances of Re and Re are 

obtained below 120 eV of the neutron energy. Most of the parameters are 

in good agreement with those obtained by Friesenhahn et al. rather than the 

2) recommended values in the BNL-325. The details will be published in near 

future. 

References : 

1) S.J. Friesenhahn, D.A. Gibbs, E. Haddad, F.H. Frohner and W.M. Lopez, 

J. Nucl. Energ., .22 (1968) 191. 

2) BNL-325 2nd ed. Suppl. No. 2, Vol. IIC (1966), 
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I-B-2. Low Energy Neutron Scattering Cross-section of Li 

A. Asami and M.C.. Moxon 

The neutron scattering cross-section of Li has been measured in the 

energy region between 1 keV and 110 keV with a scattering detector on a 50 

m flight path of the Harwell Electron Linac neutron time of flight spectro­

meter. 

The detector and the experimental arrangement are the same as those 

used for the B scattering cross-section measurements described in ref. l). 

Briefly? the detector consists of eight Li-glass scintillators and the 

measurements were made at four angles to the incident neutrons ; 39 ? 65 , 

120 and 144 ? respectively. 

The Li sample is 1.97" in diameter, and has a thickness of 5.88 xlO 

atoms/b (93°7 % Li, 5.2 % Li, and 1.1 % others). The sample is canned 

with a thin aluminium plate with a thickness of 1.47 x 10 atoms/b, which 

is sealed with Araldite. The measurements were made relative to a carbon 

-3 / sample, which is 1.37" in diameter with a thickness of 2.06 x 10 atoms/b. 

The incident neutrons were collimated to 0.9" in diameter. 

The data were analysed in a. similar way as in ref. l). In the analysis 

corrections for the effect of the following were made ; (l) self absorption 

in the sample, (2) the sample impurities, (3) the sample can, (4) the energy 

dependence of the detector efficiency, (5) the size of the detector, and 

(6) the multiple scattering. The effect of self absorption is fairly large 

in the low energy region, e.g., relative corrections at 1, 10 and 70 keV at 

65° are 1.52, 1.09 and 1.00, respectively. The order of magnitudes of the 

* The measurements were carried out when A. Asami was at AERE, Harwell, U.K. 

** AERE, Harwell, Dldcot, Berks. U.K. 
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other corrections averaged over angle are shown in Table 1. Above 40 keV 

one more correction is required. A scattered neutron passes through an 

aluminium vacuum tube with a thickness of 0.064" before reaching the 

detector. Because of aji appreciable energy difference between the neutrons 

scattered from the Li and the carbon sample, attenuation of the neutrons 

due to the tube is different between the two cases. The correction for this 

effect is in progress. 

The differential scattering cross-section thus obtained showed no 

significant angular dependence below 10 keV, so that the total scattering 

cross-section was obtained assuming pure s-wave scattering. The results are 

shown in Fig. 1. The cross section near 2.8 keV was not measured because 

of the presence of a resonance in sodium permanently left in the flight 

path to normalize the backgrounds. The errors s.re a combination of 

uncertainties arising from counting statistics, background, and multiple 

scattering (± 30 % are assumed). The second is the most significant (about 

3/2 of either of the others) and the other two contribute equally. 

From Fig. 1 the cross-section appears to be constant between 10 keV and 

4 keV, but becomes slightly lower below 2 keV. This decrease is most 

probably due to inaccuracy in the applied corrections. The averaged cross-

section over energy between 0.91 and 10.3 keV is 0.801 ± 0.036 b. In the 

low energy region a constant deviation <4<? of the Li (n, <x ) cross-section 

from l/v law is estimated to be -0.03 i 0.01 b by Bergman and Shapilo. 

4) 

Diment and Uttley obtained the least square fit to their total cross-

section data of Li below 5 keV with (149*5 ± 0.3)/VF/ (in eV) + 

(O.696 i O.OIO). With this expression and the value of the constant 

scattering cross-section obtained in the present work J<? is -0.105 i 0.037 b. 
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References : 

1) A. Asami and M.C. Moxon, AERE-R 5980 (1969). 

2) F.L. Shapiro, JETP j[4_ (l958) 1648 ; Soviet Physics JETP 1 (l958) 1132. 

3) A.A. Bergman and F.L. Shapiro, JETP 40 (l96l) 1270 ; Soviet Physics 

JETP 1^ (l96l) 895. 

4) K.N. Diment and C.A. Uttley, Nuclear Physics Division Report AERE 

PR/NP 14. 

Table 1. Order of Magnitude of Corrections (%) 

Energy (keV) 

Impurities 

Sample Can 

Detector Efficiency 

Detector Size 

Multiple Scattering 

1 

-2 

-10 

-8 

1 

11 

10 j 70 

0 ! 2 

-7 
-8 

0 

10 

-8 

-6 

0 

8 

E ).0 — 
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tiJ 

M 0.5-
O) 
M) 
O 
ft 
(J 

0.3-

1.0 2 5 100 
NEUTRON ENERGY (KeV) 

Fig.1 TOTAL SCATTERING CROSS-SECHON OF L̂i 
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I-B-3. An Effect of Scattered Neutrons from Photomultipliers on the 

Neutron Spectrum Measured by Li Glass Scintillators 

M. Ohkubo 

A paper on this subject was published in Nuclear Instruments and 

Methods .6j5 (1968) 113 with an abstract as follows : 

The neutron spectrum measured by Li glass scintillators has been 

found to have an enhancement peak at E =2.87 keV, due to resonance 

23 
scattering from Na contained in the glass of photomultipliers. 
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C. Neutron Experiments - Van de Graaff Accelerator 

I-C-l. Energy Dependence of the Nuclear Level Density 

M. Maruyama, K. Tsukada, S. Tanaka and Y. Tomita 

A full paper of this work, which was outlined in the previous report 

(EANDC (j) 10 "L" p. 12), was published in Nuclear Physics A131 (l969) 

145- 168. 

I-C-2. Direct Measurement of Nuclear Reaction Times by the Use of the 

Blocking Effect in Single Crystals 

* * 
M. Haruyama, K. Tsukada, K. Ozawa, F. Fujimoto, K. Komaki, 
H. Mannami, and T. Sakurai 

A new method to measure reaction times by the use of the blocking 

effect of energetic charged particles in single crystals was applied to the 

^Si(p,p')^Si (1st excited state, 1.78 He?, 2^), Ge(p,p') °Ge (lst excited 

state, 1.04 MeV, 2*) and ̂ Ge(p,p')^Ge (2nd excited state, 0.835 MeV, 2*) 

reactions. The angular distributions of protons scattered from thin single 

crystals at scattering angles of 88 to 92 were measured at incident 

energies of 1.79, 3.61, 4.02, 4.21, 4-56, 5-45 and 5.86 MeV for silicon and 

of 3.36, 3-77, 4.36, 4.84, 5.42 and 5.91 HeV for germanium. The center-of-

mass motion was normal to the (ill) plane and the blocking dip by the (ill) 

plane was observed at about 90 to the incident beam. Two-parameter 

* Institute of Physics, College of General Education, University of 
Tokyo, Tokyo. 

** Department of Physics, Kyoto University, Kyoto. 
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pulse-height analysis of both the energies and the directions of the 

scattered protons was performed by the use of a position-sensitive surface 

barrier detector. 

Since the dominant process of the elastic scattering in the present 

experiment is the Rutherford scattering which has small impact parameters 

/ -4 °\ 

(10 A) and an extremely short reaction time, its blocking pattern can be 

used as the standard pattern without any reaction time effect. The blocking 

dip areas observed for the Ge(p,p') Ge and Ge(p,p') &g reactions 

showed a clear reduction from the elastic values. Reaction times estimated 

from the reduction are shown in table 1. No reduction was observed for 

Si(p,p') Si (lst excited state, 1.78 MeV, 2 ) at any energy. 

A short report of this work was published in Physics Letters 29B 

(1969) 414- 416. 

Table 1. Reaction times r for the inelastic scattering of protons 

by germanium 

Incident energy 

3p 
(MeV) 

4.84 

5.42 

5.91 

r (s) 

^°Ge(p,p')7°Ge 

1.04 MeV, 2*** 

(3.4 ± 2.l) x 10"^ 

(3.1 ± 1.3) x 10**^ 

(3.7 ± 1.8) x 10"^ 

(2.2 + 1.3) x 10"^ 

^Ge(p,p')^Ge 

0.835 MeV, 2* 

(4.1 + 1.8) X 10"^ 

(2.3 i 0.9) x 10"^ 

(2.3 * 1.0) x 10""^ 

< 0.5 x 10"^ 
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I-C-3. Elastic and Inelastic Scattering of Fast Neutrons from Iron, 

Nickel and Tungsten 

K. Tsukada, S. Tanaka, Y. Tomita and M. Haruyama 

A full paper of this work, which was outlined in the previous report 

(EANDC (J) 8 "L" p. 17), was published in Nuclear Physics A125 (l969) 

641 — 653. 

I-C-4. Analysis of Angular Distributions of Fast Neutrons Scattered by 

Al, Si, S, Cu and Zn 

K. Tsukada, Y. Tomita, S. Tanaka and M. Maruyama 

Angular distributions of fast neutrons scattered by Al, Si, S, Cu 

and Zn have been analyzed by the use of the optical model and the statisti­

cal model at energies of 4.8, 6.0, 7.0 and 8.0 MeV for Al, Si, S and Zn 

(4.5 MeV in stead of 4.8 MeV for S and Zn) (case l), ajid at energies of 

1.71 and 2.24 MeV for Cu and Zn (case 2). In the case 1 the Hauser-

Feshbach formula is used for the statistical-model calculation, and in the 

case 2 the Moldauer theory is used in addition to the Hauser-Feshbach 

formula. In the Moldauer calculation, the resonance interference contri­

bution is taken into account with explicit dependence of the parameter 

2) Q on the partial strength function, and with the value of Q = 0 . Some 

of the results are shown in Figs. 1 — 3 and Table. 

References s 

1) S. Tanaka et al., EANDC (j) 10 "L" (1968) p. 8 and p. 9. 

2) Y. Tomita, EANDC (j) 10 "L" (1968) p. 11. 
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Table 1. Optical-model parameters 

Element 

Type 

E^ (NeV) 

V (MeV) 

¥ (MeV) 

V (MeV) 
so 

r (fm) 
0 

r (fm) 
s 

a(fm) 

b (fm) 

X' 

^t,cal^^ 

^t,obs^^ 

Al 

H - F 

4.81 

51.1 

8.60 

10.0 

1.20 

1.20 

0.663 

0.505 

2.0 

2.29 

2.25 1 0.15 

Si 

E - F 

4.81 

63.7 

5.87 

10.0 

1.20 

1.20 

0.725 

0.513 

Zn 

E - F 

1.71 

56.5 

2,70 

10.0 

1.21 

1.21 

0.213 

0.819 

35 ! 0.80 
i 

3.41 ; 3.01 
i 

Zn 

Q 
max 
1.71 

53.7 

12.1 

10.0 

1.20 

1.24 

0.624 

0.410 

1.7 

3.14 

2.80+0.20 3.2+0.23.2 JJO.2 

Zn 

Q = 0 

1.71 

52.1 

9.56 

0.653 

1.21 

1.26 

0.441 

0.444 

15 

3.10 

3.2+0.2 
_ i 

NOTE E-F : the Hauser-Feshbach theory is used in the calculation 
of the compound process. 

Q : the Moldauer theory is used with explicit dependence of 
the parameter Q on the partial strength function. 
(See Ref. 4). 

Q=0 : the Moldauer theory is used„ where the resonance 
interference contribution is neglected. 

The optical-model potential is of a form, 

V(r) = -Vf(r)-i Wg(r)-Vso -h(r)^n:T-"c , 

f(r)=(l+e*p{(r-Ro)/a}y, 

g(r)= 4exp((r-Rg)/b}[l+exp((r-R^.)/b}y^ , 

h(r) = iexp {(r-R^)/a}(l+exp{(r-R^)/a}y' , 

Ro = r. A ^ , Rs = r A ^ . 
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135 I-C-5. Excited Levels of Cs by Neutron Inelastic Scattering 

S. Kikuchi, Y. Yamanouti, H. Maruyama and K. Nishimura 

155 153 / \ In order to study the excited levels of Cs, the Cs (n, n̂' ?* j 

133 reaction was utilized. Low lying levels of Cs have been investigated 

133 133 by several authors by means of the beta decay of Ba or Xe. The 

energies and spin-parities of the first four levels are well established, 

namely, 81.0 (5/2*), 160.5 (5/2*), 382 (3/2*) and 437 (l/2*) keV.^ 

However, higher levels than these four levels cannot be populated by the 

135 133 beta decay of Ba or Xe and none has been found so far. 

A 17 cc co-axial type Ge(Li) detector, energy resolution of which was 

about 7 keV at 1 HeV, was used to detect the gamma rays, and a pulsed-beam 

time-of-flight system was also used to suppress backgrounds due to the 

interactions of neutrons with the detector. 

Four gamma-rays of energies of 626, 633, 706 and 769 keV were observed 

in addition to the gamma-rays previously known. Excitation functions in an 

energy range of 0.5"" 1.0 HeV of neutrons in steps of about 10 keV, and 

angular distributions at 0.960 HeV and 0.828 HeV from 30 to 120 were 

measured for those gamma-rays. 

The energies of levels associated with the individual gamma-rays are 

derived from the thresholds of the excitation curves, and the informations 

about spin-parities of the levels from the angular distributions. 

Detailed analyses of the data are now in progress. 

Reference : 

l) C.N. Lederer et al.. Table of Isotopes, Sixth Edition, John Willey and 

Sons, INC. 
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I-C-6. Elastic and Inelastic Scattering of Neutrons in 20 MeV Region 

Y. Yamanouti, S. Kikuchi, K. Tsukada and K. Nishimura 

Preliminary experiments to get informations on neutron background and 

shielding have been carried out by a time-of-flight spectrometer including 

n-y discrimination. The analysis of the results is now in progress. 

I-C-7. Scattering of 1.5 to 2.0 MeV Neutrons by Iron 

Y. Tomita, K. Tsukada and M. Maruyama 

Measurement of the differential cross sections for elastic and 

inelastic scattering of neutrons from iron has been completed, at neutron 

energies of 1.44 to 2.15 MeV in 40 keV-steps, and the analysis of the 

results is now in progress. 

I-C-8. Neutron Total Cross Section Measurements of La and Pr 

K. Nishimura, Y. Yamanouti and S. Kikuchi 

The measurements of the total neutron cross section of natural lanthanum 

and praseodymium have been completed in the energy range from 10 to 240 keV. 

Analyses of the data are now in progress by using an optical-model program, 

ELIESE-2, to obtain s- and p- wave strength functions of these nuclides. 
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I-C-9. STAX2 - A Computer Program for Calculating Neutron Elastic and 

Inelastic Scattering Cross Sections by means of the Optical Model 

and Moldauer's Theory 

Y. Tomita 

STAX 2 is a computer program for calculating neutron elastic and 

inelastic scattering cross sections by using the optical model and 

Moldauer's theory of the statistical model, and can search for the 

potential parameters which can reproduce experimental cross sections. 

Search is made on all potential parameters with respect to any combination 

of the following cross sections : 

1) total cross section, 

2) elastic scattering cross section (integral or differential), 

3) inelastic scattering cross section for the first excited 

level (integral or differential). 

Although there exist many optical model programs, none of them does not use 

Moldauer's theory for calculations of the compound nuclear process. 

The program NEARREX, often used to compute reaction cross sections by 

using Moldauer's Theory, does not include an optical model routine and can 

not calculate angular distributions. These are the resons why the present 

program has been developed. 

In this program some improvements are made in the treatment of the 

resonance interference by taking into consideration the dependence of the 

parameter Q on <f/D>. 

A full report will be published soon. 
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D. Others 

I-D-l. A Study of the Decay Scheme of "^I 

E. Takekoshi, H. Umezawa and T. Suzuki 

A paper on this subject is to be published in Nuclear Physics. 

154 Abstract: The decry properties of I obtained from fission products have 

been investigated with Nal(Tl) and Ge(Li) detectors. Energies (and relative 

intensities) of the gamma-rays, determined from the Ge(Li) detector and 

Nal(Tl)-Ge(Li) coincidence studies, are 136(5.0), 236(weak), 405(8.4), 

433(4.2), 488(weak), 514(4.l), 54l(9.8), 596(ll.6), 622(10.3), 633(3.l), 

644(weal:), 677(7.7), 733(weak), 768(3.9), 848(100.0), 859(6.l), 873(weak), 

885(69.1), 905(weak), 923(weal^), 948(6.4), 976(5.4), 104l(3.2), 1073(l7.l), 

1103(2.3)p 1138(11.8), 1458(4.3), 1615(4.7), 1743(3.0) and 1810(6.2) keV. 

^amma-ray coincidence spectra with the Ge(Li) detector were obtained with 

six gates ; the lower half, the higher half, and the total of gamma-ray 

peaks at 0.87 a.nd 1.80 HeV in Nal(Tl) gamma-ray spectrum. Anisotropy 

measurements for the 885-848, 1073-848 and 1138-885 keV cascades were 

carried out, and the possible spin sequences were given for them. A decay 

scheme is proposed with energy levels (and spins) in Xe at 848(2+), 

1615(2+), 1733(4+), 1921(3,2), 2138, 2274, 2355, 2410, 2591, 2658, 2870(4,5), 

3224, and 3379 keV. The levels, which are populated by strong beta groups, 

are also confirmed by a summing spectrum measurement. The half-life of 

I was obtained to be (52.5 i O.l) minutes. 

RADIOACTIVITY ^ 1 (from fission) ; measured T1, E^ , I , 
2 ' r 

rr-coin, rr( <? = 90°, 180°) ; ***̂ Xe deduced level, J, ir . 

Ge(Li) and Nal(Tl) detectors. 
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I-D-2. An Empirical Correlation Formula of Spontaneous Fission Half-Lives 

E. Takekoshi 

A paper on this subject has been submitted to Nuclear Data (A) with an 

abstract as follows : 

A simple empirical correlation formula has been proposed separately 

for the spontaneous fission half-life data on the nuclides in the range 

from Pu to Fm and the nuclides in the wider range from Th to element-104? 

based on Swiatecki's correlation formula. The forms of correlation function 

proposed in the present work are in the relation of log--T(years) = c X + 

c-(l - X) <5 M + c- +J for the nuclides in the range from Pu to Fm, and in 

the relation of log ̂ T(years) = c.(l - X)^ + c (l - X) <? M + c-, + J for 

the nuclides in the wider range from Th to element-104. The X value is 

defined as the fissility parameter in each mass formula, and the <5 M 

value in MeV as the mass deviation of the experimental mass from the liquid 

drop mass in the mass formula. These values are calculated by using the 

first set and the second set of Myers & Swiatecki mass formulas and also by 

using Seeger & Perisho mass law. In the wider range, the results in use of 

a semi-empirical correlation function with the theoretical barrier are also 

examined. Among these correlation formulas, the correlation formula with 

the smallest weighted variance was obtained to be log--T(years) = 

2821.608(1 - X)3 - 25.285(1 - X) <SM - 18.949 + j (3.725 for odd-A nuclides 

and 3.363 for odd-odd nuclides), in use of the second set of Myers & 

Swiatecki mass formula. By using this formula, spontaneous fission half-

lives were examined for even-even nuclides of Z = 102, 104} 106 and 108, and 

compared with the results obtained by Viola & Wilkins. 
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E. Japanese Nuclear Data Committee 

I-E-l. A Review of Carbon Total Neutron Cross Section up to 2 MeV 

K. Nishimura, S. Igarasi, S. Tanaka and T. Fuketa 

A full paper on this subject, which was outlined in the EANDC (j) 10 "L 

p. 19, has been submitted to Newsletter of the ENEA Neutron Data Compilation 

Centre. 

I-E-2. Inelastic Scattering of Neutrons by U-238 
* ** 

S. Igarasi, T. Murata and H. Nakamura 

Though many evaluation works on the inelastic scattering of 

have been made, there are some discrepancies among the results of these 

works. 

Review and evaluation of total and partial excitation cross sections 

of 
238, 

are carried out to obtain self-consistent values of these cross 

sections in the range of neutron energy from threshold to 15 MeV. Calcu­

lations are performed by using optical model, Hauser-Feshbach method and 

evaporation model. To look for a systematic parameter set of the optical 

potential, investigations are made about the excitation cross sections for 

low-lying levels below 1 KeV. In the high energy region above 1 MeV, 

inverse cross sections obtained by the parameter set are used in the 

evaporation model. It is necessary to get a smooth curve by connecting 
* Nippon Atomic Industry Group Co. Ltd. 

** Fuji Electric Co. Ltd. 
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cross sections in the low and the high energy regions. 

Reference : 

l) J.J. Schmidt ; Neutron Cross Sections for Fast Reactor Materials; KFK 

120 (1966). 

I-E-3. Evaluation of Neutron Capture Cross Sections of Cr, Fe, Ni and 

Mo in the keV and MeV region 

* x* 
K. Nishimura, T. Asami, S. Igarasi, M. Hachya, andH. Nakamura 

A working group on compilation of neutron capture cross section has 

been started by asking the numerical data in SCISRS from CCDN and surveying 

published reports. The component elements of stainless steel, i.e. Cr, Fe, 

Ni, and Mo as well as their separate isotopes, are selected for the object. 

A preliminary calculation of neutron capture cross sections for the above 

natural elements has been carried out by making use of RACY programme. 

* Mitsui Shipbuilding & Engineering Co., Ltd. 

** Fuji Electric Co., Ltd. 
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I-E-4. Calculations of Neutron Transmission Coefficients (A = 20 to 79) 

S. Igarasi 

Tables of the neutron transmission coefficients are presented for 

2) 
mass number region A - 20 — 79? by using the computer code ELIESE-2 

Energy range and energy intervals used are 

E = 0.2 to 9.0 MeV with JE = 0.2 MeV, 

and 

and 

E = 9.0 to 24.0 MeV with ^ E = 1.0 HeV. 

Parameters of the optical potential used are 

(HeV), 

(Gaussian), 

(KeV), 

(fermis), 

(fermis), 

(fermis). 

V ^ = 48 - 0.29 

W =9 (MeV) 
s 

V = 10-0.15 so 

r = r =1.25 o s 

a =0.65 
0 

b=0.98 

E 

jij 

References s 

1) S. Igarasi, Neutron Transmission Coefficients (A = 20 to 79) 

JAERI-memo 3368 (1969)* 

2) S. Igarasi, Program ELIESE-2, JAERI-1169 (l968). 
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II. Kyoto University 

Research Reactor Institute 

11-1. Measurement of Average Cross Section for Some Threshold 

Reactions to the Fission-Type Reactor Spectrum 

I. Kimura, K. Kobayashi and T. Shibata 

A paper on this subject will be submitted to Journal of Nuclear 

Science and Technology soon. 

The energy spectrum of fast neutrons in Kyoto University Reactor, 

KUR, which is a light-water-moderated, 90 %-enriched-fueled research 

reactor of 5?000 KW, was measured with threshold detectors, with a Li 

3) 
sandwich counter and with nuclear plates. The result shows that the 

spectrum is close to the fission neutron spectrum, as in Fig. 1 and Fig. 2. 

Accodingly, the average cross sections for some threshold reactions to 

this fission-type reactor spectrum become measurable in the core of KUR. 

46 / \46 
The average cross sections for nine threshold reactions, Ti(.n,p) Sc, 

^Ti(n,p)^Sc, ^Ti(n,p)^Sc, ^Si(n,p)^Al, ^ ( ^ p ^ ^ 3 0 g ^ ^ ) 2 7 ^ 

^Zn(n,p)^Cu, ^*Pb(n,n')2°^Pb and ^Pb(n,2n)^Pb, ^ve been obtained. 

A Ge(Li) counter was mainly used to measure the relative value of 

induced activities. For the absolute measurement, several standard gamma 

sources calibrated by IAEA were used. As fast neutron flux monitors, 

^Ni(n,p)^Co, 2^Mg(n,p)^Na, and ^Al(n,<t )^a were adopted and.the fluxes 

measured with these monitor foils agreed within 2 %. In addition to this 

error, the statistical error and the systematic error that was estimated 

to be about 5 % were taken into account. The final results are tabulated 

in from Table 1 to Table 9. 
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Table 1. Data of Ti(n,p) Sc Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

11.2 ± 0.6 

11.1 

10 

12.8 J: 0.6 

12.6 + 0.4 

10.2 ± 0.4 

Reference 

Present Data 

Comera (4) 

Durham (5) 

Boldeman (6) 

Kohler (7) 

Bresesti (8) 

47 / \47 Table 2. Data of Ti(.n,p) Sc Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

19.2 + 1.2 

18 

18 ± 3 

15 ± 0.6 

22 + 1.5 

13.2 + 1.0 

Reference 

Present Data 

Durham (5) 

Niese (9) 

Hogg (10) 

Boldeman (6) 

Kohler (7) 

Table 3. Data of Ti(n,p) Sc Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

0.29 i 0.02 

0.53 

0.44 ± 0.08 

0.25 ± 0.01 

0.21 ± 0.016 

3.3 i 0.2 

Reference 

Present Data 

Durham (5) 

Niese (9) 

Hogg (10) 

Boldeman (6) 

Kohler (7) 
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28. ^28, Table 4. Data of Si(n,p) Al Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

4.9+0.3 

4.0 

Reference 

Present Data 

Roy (ll) 

29 / \29 Table 5. Data of Si(,n,p) Al Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

3.0 ± 0.2 

2.7 

Reference 

Present Data 

Roy (ll) 

Table 6. Data of ^°Si( n,<x ) Mg Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

0.13 t 0.02 

0.15 i 0.02 

Reference 

Present Data 

Niese (9) 

Table 7. Data of Zn(n,p) Cu Reaction Cross Section Averaged 

over Fission Spectrum 

Cross Section 
(mb) 

36 t 3 

44 

39 

31 

33 

27 i 1.6 

Reference 

Present Data 

Hellish (12) 

Roy (ll) 

Durham (5) 

Beauge (13) 

Boldeman (6) 
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Table 8. Data of 2°4pb( n,n') Pb Reaction Cross Section 

Averaged over Fission Spectrum 

Cross Section 
(mb) 

19 ± 2 

22 

15.3 ± 0.7 

Referance 

Present Data 

Durham (5) 

Kohler (14) 

Table 9. Data of ^Pb(n,2n) ^Pb Reaction Cross Section 

Averaged over Fission Spectrum 

Cross Section 
(mb) 

1.9 ± 0.2 

3.3 

5.0 

Reference 

Present Data 

Roy (ll) 

Durham (5) 
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III. Kyushu University 

Department of Nuclear Engineering 

111-1. (n,n) and (n,n') Reactions of B and B Induced by 14-MeV Neutrons 

M. Hyakutake, M. Hatoba, H. Tawara, Y. Wakuta, A. Katase 

and M. Sonoda 

Elastic and inelastic scattering cross sections of 14.1-MeV neutrons 

have been measured for enriched B sjid natural boron by associated-

particle time-of-flight technique. Scattered neutrons were not resolved 

completely and were measured as some groups. Differential cross sections 

at laboratory angles between 10 and 160 were obtained for these groups of 

neutrons which correspond to the following Q-values respectively. 

0, 0.717 MeV 

1.74, 2.15 MeV 

3.59 MeV 

4.77, 5.11, 5.17, 5.18 MeV 

5.92, 6.03, 6.13 MeV 

6.57, 6.88, 7.00 MeV 

0 

2.12 MeV 

4.44 MeV 

5.02 MeV 

6.74, 6.79 MeV 

The differential elastic scattering cross sections are shown in Figs. 

1 and 2 in comparison with those found by Alder et al. Corrections for 

multiple scattering, flux attenuation and angular resolution are now in 

progress. Analyses of the data are to be carried out by optical model 

and DWBA method. 

B ^ 

B ^ 

= ^0 

^1 

^2 

3̂ 

^4 

5̂ 

' Ro 
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^4 
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Q -

Q -



NOT FOR PUBLICATION EANDC (j) 13 L 

1000r 

* 
0. 

t,10 0 = 0, -0.717MeV 

o PRESENT WORK 

* ALDER etat 

z 
o 

OS 

o 

100-

' 3.3 ' ^ 0. 

tlJ 
CE 
UJ 
b. 
b. 

10- ! ̂ 1 ̂  

20 40 60 80 100 120 MO 160 180 

1000r 

Fig. 1 

Q = 0 

E 
100-

O PRESENT WORK 

* ALDER et at 

u 
bJ 
t/t 
tn 
t/i 
o 
a: 
u 

*6 3 3, 

z 
bj 
a: 
UJ 
b-
b-
a 

10-

-L-

20 40 60 60 100 120 140 160 180 

Fig. 2 



NOT FOR PUBLICATION -31 - EANDC (J) 13 L 

Reference : 

l) J.C. Alder, B. Vaucher and C. Joseph, Helv. Phys. Acta, 41 (l968) 433. 

111-2. (n,n) and (n,n') Reactions of Be Induced by 14-MeV Neutrons 

M. Hyakutake, H. Matoba, H. Tawara, Y. Kanda, A. Katase 

and M. Sonoda 

Elastic and inelastic scattering cross sections of 14.1 MeV neutrons 

q 
have been measured for Be by associated-particle time-of-flight technique 

at laboratory angles between 10 and 165 . Over-all time resolution 

(FWHM) was about 1.8 nsec at a detector bias corresponding to 3*5 HeV 

neutron. 

9 Neutrons inelastically scattered from 2.43 MeV state of Be were well 

resolved from elastically scattered neutrons. 

The differential elastic and inelastic scattering cross sections are 

shown in Figs. 1 and 2 in comparison with those found by Nakada et al. 

2) and Anderson et al. However, in our data corrections for multiple 

scattering, flux attenuation and anguler resolution are not yet made. 

These corrections and analyses by optical model and DWBA method are now in 

progress. 

References : 

1) M.P. Nakada, J.D. Anderson, C.C. Gardner and C. Wong, Phys. Rev. 110 

(1958) 1439. 

2) J.D. Anderson, C.C. Gardner, J.W. McClure, M.P. Nakada, Phys. Rev. Ill 

(1958) 572. 
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111-3- Improvements of Fast Neutron Time-of-Flight Spectrometer 

M. Matoba, H. Tawara, M. Hyakutake, Y. Wakuta, A. Ka„tase 

and M. Sonoda 

To study the inelastic scattering of neutrons, the cross sections of 

which are small (dry/do ,$ 1 mb/sr.), the following two improvements have 

been carried out. 

(1) Reduction of background 

With the time-of-flight system used for the study of the neutron 

scattering the attenuation of 14 MeV neutrons through iron blocks was 

accurately measured. The information on the design of a shadow bar and the 

shield was obtained. 

Two types of the shield of the neutron detector were constructed. 

One of them is iron blocks 10 cm thick and lead ones 10 cm thick, the other 

one is paraffin blocks (mixed with boric acid) 30 cm thick and lead ones 

10 cm thick. The background was reduced by one order compared to the one 

in the case of the bare neutron detector for both types of the shield. 

(2) Improvement of time resolution 

A new and simple method was designed to compensate electronically 

the rise-time effect of the neutron detector on the time resolution. 

Obtained time resolution was less than 1.2 nsec. This resolution is nearly 

equal to the one due to only the geometry of our time-of-flight system. 

After these improvements, measurements of (n,n') reaction of nitrogen 

are in progress. 

Reference : 

l) M. Sonoda et al. EANDC (j) 10 "L" (196s) p. 25. 
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111-4. Photo-Fission Cross Sections of the Medium Mass Nuclei 

A. Katase, M. Matoba, Y. Kanda, M. Chijiya, M. Sonoda, 

Y. Wakuta, H. Tawara and M. Hyakutake 

The photo-fission cross sections of Ho, Sm, Te, Sb, Sn, In, Ag, Ge, 

Cu and Au were measured for the energies of 1000, 600, 450 and 250 MeV. 

In one experiment, two detector foils of polycarbonate, onto one of 

which the pure metal was evaporated, were put together to form a sandwitch 

by grewing at one end of the foils. A stack of such sandwitches was 

irradiated by the collimated photon beam of about 1 cm in diameter. 

After irradiation the metals were solved with HN0- solution. The detector 
3 

foils were subsequently etched in NaOH solution. The fission tracks were 

observed with an optical microscope. The track length of each fission 

fragment was measured for the paired tracks to investigate the range-ratio 

distribution of the fragments. 

In the other experiment, a polycarbonate detector foil was pressed on 

a target film evaporated on a polycarbonate backing. The detector foil was 

exchanged for each irradiation, the same target being used throughout the 

experiments, in order to investigate the variations of the fission cross 

section with the photon energy and the fissionability with the atomic number 

of target material. 

The scanning and analysis are now in progress. 
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IV. Osaka University 

Department of Nuclear Engineering 

IV-1. Lattice Vibrational and Rotational Frequency Distribution in 

Bezene Crystal and the Comparison with Neutron Scattering Data 

x ** 
T. Sekiya, K. Sakamoto and Y. Watari 

1 2) To analyse the neutron scattering data for solid and liquid benzene ' 

calculation code has been made under the support of Japanese Nuclear Data 

Committee. 

The principle is based on FG matrix method generalized to the case 

of the periodic structure. The results show good agreement with the fine 

3) structure of solid benzene scattering cross section observed by Zemlianov. 

At the same time we find the reason of the discrepancy between scattering 

peaks of Tarina's data and the theoretical results evaluated by Shimanouchi 

4) and Harada for ? = 0 case. 

References : 

1) V. Tarina, J. Chem. Phys. .46 (1967) 3273. 

2) M.G. Zemlianov, N.A. Tschernoplekov ; Atomnaya Energia 14_ (1963) 257-

3) T. Seklya, K. Sakamoto and Y. Watari ; JAERI-memo (to be published). 

4) I. Harada and T. Shimanouchi ; J. Chem. Phys. 44. (l966) 2016. 

* Okayama Colleage of Science. 

** Hitachi Comp., Ltd. 
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V. Radiation Center of Osaka Prefecture 

V-l. Scattering Cross-Sections of 14-MeV Neutrons 

T. Azuma ^nd Y. Sato 

The scattering cross-sections of 14-MeV neutrons were measured for the 

elements of ̂ C , 16^ 2 7 ^ ^ ^ ^^Pb. The energy spectra of scattered 

neutrons were observed by a: n associated particle time-of-flight method, 

in which the deuteron beams of 0.4 MeV, 30 /4 A, from the Van de Graaff 

bombarded the tritium target. The et-detector was NE102A-56AVP, the 

neutrons NE213-6810A, and Eldorado Model 300 TPC system. The flight path 

/ 9 \ was 160 cm and the accumulation time was about 6 hours (1.2 X 10 a-counts). 

The characteristics of the detecting system are the following ; l) the 

sna/p-off diode SV14B is used, 2) the energy gate circuits are applied to the 

start and stop inputs of the TPC? 3) the resolving time of the system is 

1.5 ns? 4) the shield thickness to the direct 14-MeV neutrons is 50 cm Fe, 

and 5) the neutron detection efficiency is 2.5 percents for the energy 

gate of 7 MeV, which was estimated with the values of 150 and 40 mb at 35 

degrees for "^C, 4.43-MeV level. 

The elastic scattering cross-section is calculated using the equation, 

°° 2Z+1 
<?(<?) = ^ - - -B -P (cos (?) 

% 

where the values of B, are taken from the table at R =1.25 A +0.5. 

The inelastic scattering cross-sections are calculated using the 

equations of Mauser and Feshbach, for s-neutrons : 

A(Zjtz'Jl<?)= i .S„(Zj !J)-Fn(JlZ'j'l 3). 
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where J is the compound nucleus spin, the neutron orbital angular momentum 

Z—^', and the channel spin j—<-.j'. 

The measured angles are 25? 35y 45 and 55 degrees. The values at 35 

degrees are listed in the table. The pulse shape discrimination is now 

tested. 

Elements 

Carbon 

^2° 
Aluminum 

Lead 

level 
MeV 

4.43 

6.05 

4.05 

4.1 

0(3) 

mb at 35 

40 

5 + 2.0 

4+1.5 

8+2.5 

Reference : 

l) W. Hauser and H. Feshbach, Phys. Rev. 87. (l952) 366. 



NOT FOR PUBLICATION - 38 - EANDC (j) 13 L 

VI. Tokyo Institute of Technology 

VI-1. Measurements of Neutron Inelastic Scattering Cross Sections of 

Deuteron <?(E , E ,, 6 ,) at an Incident Neutron Energy of 
p nlZ n! 

14.5 MeV 
* 

E. Arai, M. Ito and T. Yamauchi 

The break-up reactions of deuterons by fast neutrons has been studied 

because of its nuclear physical interest as it is a typical three particle 

reaction and also from the standpoint of nuclear data accumulation for 

nuclear reactors. 

To obtain a complete information on the reaction mechanism, it is 

desired to determine five independent variables. 

In many works, however, only three variables of the five have been 

l) ?) 
determined, namely <?(E ,, # ,) or <J(E , # ) was observed. ? ^ n n P P 

These results and the theoretical predictions suggest that we can 

observe effects of the n-p residual interaction at E , ̂  5 MeV and 

E ^ 5 MeV and those of the n-n residual interaction at E , ^ E „ ^0.3 MeV p n n 

and E = 12 MeV. 
P 

Main purpose of this report is to investigate experimentally effects of 

these final state interactions in the neutron cross sections of deuterons 

<?(E , E ,, # , ) . Here four variables of the reaction kinematics were 
p n' n' 

determined. 14.5 MeV neutrons were generated by means of the reaction of 

T (d,n)a , where the deuterons were accelerated by the cascade type machine 

with a voltage of 350 kV. 

An application of the associated a particle method enabled us to 

Denden Kosha Tsushin Kenkyusho 
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determine the energy distribution of inelastically scattered neutrons by 

means of time of flight method. A liquid scintillator of NE230 was set at 

the center of a goniometer and served as the scattering sample. Its main 

constituent is Ĉ -D, and its active volume has a dimension of 50 mm % x 30 mm 

which is large enough to cover the neutron cone at a distance of 23 cm from 

the tritium target. A 56 AVP was coupled to the scintillator and gave the 

pulse height signal and the timing signal of neutron scattering. The former 

signal was fed to Y-axis with 5 bits of the 4096 channel pulse height 

analyser of Van de Graaff Lab. of the Tokyo Kogyo Daigaku. The timing 

signal and that of the <x -detector were sent to a fast coincidence unit, 

whose coincidence signal stopped the time to amplitude converter. 

A plastic scintillator with a dia. of 175 mm% and a thickness of 25 mm 

detected the scattered neutrons and generated start signals for the TAC. 

The neutron flight path measured 185 cm and the overall time resolution of 

the system was 2.0 nsec. The output of the TAC was fed to X-input with 7 

bits of the 4096 channel analyser. 

The detection efficiency of the neutron counter, which was necessary 

to calculate the cross sections from the measurements, was determined by 

replacing the scattering sample with normal benzene scintillator, NE 231. 

The elastic peak observed in the 32 x 128 channel two dimensional display 

was utilized to calibrate Ep-axis of the analyzer. 

The Fig. shows one of the measurements where incident neutron energy 

was 14.5 MeV, <? , (lab) = 20 . There are three distributions like 

mountains. From left to right, one relatively broad distribution shows the 

inelastic neutrons, the central sharp peaks are the elastic neutrons ajid 

finally the low straight distribution is gamma-rays caused by the inelastic 

scattering on carbon atoms and atoms of constructing materials of the 

scatterer. 
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References : 
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VII. University of Tokyo 

Institute for Solid State Physics 

VII-1. Nuclear Spin-Spin Effect in the Total Cross Section for 1 MeV 

59 Polarized Neutrons on Polarized Co Nuclei 

K. Nagamine, A. Uchida, A. Mikuni, T. Suzuki? M. Imaizumi, 

Shinrolcu. Koba^ashi and Shinsaku Kobayashi 

A paper on this subject was published in the Technical Report of the 

Institute for Solid State Physics, the University of Tokyo, Ser. A, No. 371? 

July 1969. 

The abstract follows : 

Measurements of the spin-spin effect, <7 =(<Tff " ^ ^ )/^n°^I' 

59 in the total cross section for polarized neutrons on polarized Co are 

reported at the neutron energies of 1.1 and 1.4 MeV. The degree of target 

polarization from 0.47 to 0.30 was obtained for a polycrystalline metal of 

Co- -,- - Fe alloy at demagnetization temperatures from 0.030 to 0.048 K. 
0.90 0.10 

The results of <? are -190 ± 140 mb at 1.1 MeV and -150 ± 180 mb at 
ss 

1.4 MeV. If (7 is assumed to arise from a spin-spin term in the optical 
ss 

potential of the form -V f(r) <?-I, the strength of the potential is 200 

keV <V <800 keV combining with the published data for <7 at 7.90 
ss ss 

MeV and assuming f(r) as a microscopic form factor. A weak and attractive 

nature of the spin-spin interaction is qualitatively explained by a micro­

scopic model. 

* Present Address s Department of Applied Physics, Faculty of Engineering, 
University of Tokyo. 
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VII-2. The Spin-Spin Intersection of 7«90 MeV Polarized Neutrons with 

Polarized ^Co Nuclei 

Shinsaku Kobayashi^ K. Nagamine, A. Uchida, K. Katori, 

I"L Impizumi and A. Mikuni 

A paper of this title was published in Prog, Theor. Phys. 40 (l968) 

14^1. 


