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Editor's Note 

This report is prepared for presentation to the Eleventh Meeting 

of .the European-American Nuclear Data. Committee which is to "be held 

on 11-15 March, 1968 in Chalk River, Canada. The-editor asked • 

forty-eight physicists to submit reports on those research work which 

pertained to Nuclear Data in the sense used in the EANDC. 

The individual reports, which were submitted to the editor, are all 

included herein without selection. They are not intended'to be com-
XV ... 

plete or -formal; and must not be quoted in publications without the 
/ / • • . , • • ; • 

permission of the authors. 
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I. Japan Atomic Energy Research Institute 

A. Neutron Experiments - Reactor 

I-A-l. Parameters of the O.O98 eV Neutron Resonance in Sm-149 

Y. Ohno, T. Asami, K. Okamoto, and'K. Ideno 

Results from the crystal-spectrometer measurement (EANDC(j)7, p.lf 

1967) have teen analysed and parameters of the 0.098-eV neutron reso--

nance in Sm-149 were obtained as follows: 

E = 0.0989 ± 0.0008 eV, 

/'0 = 59-5 ± 0.8 meV, and • - ' 

/•„ = 1.71 - 0.03 meV. 

The total cross sections of Sm-149 measured below 0.04 eV show a small 

deviation from the values calculated with the above parameters. The 

2,200 m/sec value of the total cross section is 37.000 - 1,600 barns. 

I-A-2. The Thermal-Neutron Induced (n.a: ) Reactions in Rare-

Earth Elements 

K. Okamoto'1 

Measurements of (n,« ) reaction induced by thermal neutrons were 

carried out in a neutron flux (~ 1.5 x 10';,n/sec.cm2) .from the thermal 

column of the JAERI JRR-2 reactor. / 

The isotopically enriched rare earth oxide target of thickness 

about 200~30QPg/cm2 on aluminum,Jbacking was placed with a surface-
• ' . • ' . . . •' • * • ' ' " • 
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barrier-alpha-detector in an evacuated chamber. The study of alpha 

spectra of the. reaction was presented in the previous report, EANDC 

(J) 7 "L» (1966). "' • '.-,.. •" 

The reaction cross-section for thermal-column'neutrons was reduced 

to the cross section at ,2200 m/sec//using the thermal column spectrum 

which was measured with, the JAERI velocity selector. 

The"preliminary results of the"reaction cross sections at 2200 m/sec 

are given in the following table; 

Target E a 

Nuclei ( HeV ) 

149Sm„. 9.2 

8.8 

< 8.2 

S t a t e of 

Daughter Nucle i 

0+1 • 
• v 

4 + 

' u6m 

a (n , a) 
a t 2200 m/sec 

(mb) 

4 ± 2 

20 ± 10 

~ 1 

'143Hd 9.4 0+ > £ 4 0 i» "15 1 5 
[ • 0© 

,.. < 7 . 8 ,•? • j < 1 

// 
o 
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I-A-3. Thermal Neutron Capture Gamma Rays of Al and Ti 

Y. Kawarasaki and N. Shikazono 
f'7 

The measurements of the neutron capture gamma rays have been 

.continued (EANDC (j) 7 "L", p.4). The spectra of Al and Ti have been 

measured with an improved system. 

The main improvements are as follows: 

1. Enlargement of side crystals : 5" 9 x 4"# 

2. Transistorization of all. electronic circuits, \\ 
-: \ \ •> 

,. • v. v-. 
3. Increase in the amount cf sample, 

-4.. Adoption of a 1024 channel p.h.a. system. 

Asv.'.the results we became able to get the better S/N ratio and the 

better energy resolution. Energies and intensities of neutron capture 

gamma rays of Al are listed in'Table. 1. Further studies, construction 

" '28 !' • 
of level scheme of Al and analysis of ..Ti data are in progress. 

# V ... " ••"': •• , V > 
' * < ' • > • , v & . . • • • • • • ~' <L: •?/ 

Vs. 
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Peak Energy 

Slo. •' (KeV) 

.1 .7722 

2 7692 . 

3 7534 

4 7252 

'.5 • ; 6930 

6 6714 

7 ' ' " 6616 

8 6436 

9 6306 . 

10 6178 ' 

11 6085 

12 6036 

13 • 5998 

14 ••'- 5896 

15 5840 

16 ., 5795 
• 17 5760 

v .18 5749 

19 « " 5718 

20 ' 5582 

.21 .-''̂ 5521 

22 --••: 5442 
23 5412' 

• f 

24 .. 5307 

25 5248 

" 2 6 5191 

"27 5141 

28 . .. v5l3'i 

29 4924 
30 491Q 

31 y,4824 

32 .,{4771 

'33 ..•/' 4741 
34 .•/' 4702-

35'•',,. • 4672 

" '36 !: 4635 

37 • 4608 

'-..38 . • 4590 • 

-:.39' 4436 

- 4 -

Intensity 

(per 100 captures) 

24.4 

2.7 

0.47 

0.65' 

. 0.47 

1.04 

0.34 

0.84 

• 3-35 

0.61 

3.13 

0.10 

r. 0.62 

0.72 

"•• 0.24 

0.16 

0.10 

0.35 " 

,0.50 

0.90 

0.09 

0.20 

1.57 

0.46 

0.12 '•' 

0.12' 

2.29 
0.14 

0.26 

2.07 :." 

0.51-

' 1.5.1 

5.25 
3.70 

2.15, 
,. 0.36"' 

0.19 

,c. 0.26 

^, • 0.87 

EANDC (J) 8 "L" 

Remarks 

Possibly, doublet 

partly Fe (n, r) 

partly N (n, r ) 

partly N (n,r ) 

partly Fe (nr r) 
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Remarks 
Peak 
No. 

40 
41 
42 

43 
44 
45 
46 
47 

' 48 

49 . 
50 

•51 
\1 

52 
53' 
54". • 

55 " 

56 
o 57 

58 

59 
60 '•• 

61 

,62 

63 
•" 64 

65 
66 
67 .. 
68 ' 

-.69 
70 

71 , 

• .72 ' 

73 

o'! 74 

75 

Energy 

(KeV) 

4398 

4280 

4268 

4224 

4178 

4138 

4044 

. 4014 

3935 
3900;. 

• 3874 
3848. 

3822 

3788 u 

3704 

3668 

3584 

3554 

. 3445 

3381 

3291 

3261 

3020 

2951 

2812 •• " 
v 2726 

2704 

2620 

2584 

2570 

. 2449 

2280 -

2146 

2116. 

1994 ' 

1858 • 

- • 

Intensity 

(per 100 captures) 

0.27 
0.66 '"' 

5.69 

0.19 • 

0.36 

5.22 

0.19 

0.84 

0.34 

... . °-44 
2.21 

1.88 

••• 0 . 4 4 

0.44 

0.29 
0.12 

3.68 

0.75 

5.03. 

0.23 

"' 0.66 

0.26 

"7.54 

7.05 

• '2.24 

0.77 

1.17 . 

1.00 

'3.78 

1.98 

0.59 
5.02 

2.'24 

3.29 

1.98 

3.69 

Vt 

partly.Fe (n, r ) 

partly N (n, r .) 
« 

partly Fe (n, r ) 

partly Fe (n, y ) 

partly N (n,r ) 

Table 1. Gamma-ray energies and-intensities of neutron 

capture of aluminum. 
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B. Neutron Experiments-Linac 

I-B-l. Neutron-Resonance Parameters/.of Cadmium and Antimony 

;' A. Asami*, M. Okubo, Y. Nakajima, and T. Fuketa 

A paper on this subject was submitted to the Second Conference 

on Neutron Cross Sections and Technology, Washington, D.C., U.S.A., 

March 4-7 > 1968 with an abstract as follows: 

Transmission measurements on the natural elements of:Cd and Sb 

were carried out with the neutron time-of-flight spectrometer at the 

JAERI Linac. The'metallic samples of different thicknesses, from 

O.OC47 to 0.306 atoms/barn for Cd and from 0.0036 to 0.183 atoms/barn 

for Sb, were used. The neutron energy region from a few eV up to 

several keV was covered with maximum resolution of 10 nsec/m. The 

transmission measurements-with samples at liquid-nitrogen temperature 

were also made to^improve separation of closely spacing resonances. 

New resonances at relatively low energies were found at 54.2, 59.8 

and 62.1 eV in Cd and at 37.9 and 55.2 eV in Sb. The resonance dips 

in vthe transmission data have been analyzed by the area-analysis.. 

• t 

. method'based on:the Breit-Wigner single-level formula. The neutron 

widths and the gamma-widths will be presented. 

•Present address: Nuclear.Phys. Div., A.E.R.E., Harwell. 

A. As'ami, T. Fuketa, Y. Kawarasaki, Y.. Naka";jima, M. Okubo, 

* ft 
T-Sakuta, K. Takahashi, and H. Takekbshi, JAERI 1138 (1967). 
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?/ • 

I-B-2. Resonances in (r .n)-React'lon Near Threshold 

T. Fuketa and Y. Nakajima 

U <-' '. •=/ 

The use of brerasstrahlung radia t ion to study highly-excited 
'A. 

individual nuclear states by means of the ( r fn)-reaction has been 
1 2 ) • "' made by several investigators ' for a few special nuclides with 

wide level spacings; and, the int't̂ est and the importance of this 

3) approach were emphasized by L. M. Bollinger ax the Conference on '-} 
ii '. 

Neutron Cross Section Technology in Washington, 1966. 

The neutron spectra below a few hundred keV from the ( r ,n)-

. a " • ° " 

reactions with several sample elements were measured by using the 

4) 

JAERI Linac Time-of-Flight Neutron Spectrometer with the flight-

path length.of 50 meters., The whole system of the experiment c±a 

usually used for the measurement ;of neutron total cross section by 

the transmission method with the exception of the arrangement 

around the target and'a sample. Respective examples of the neutron 

• spectra from lead'and bismuth samples are shown in Pigs. 1 and 2. 

The ,( T ,n)-resonances were observed at the neutron energies of 41, 

30, 10.3, 9.0, 7V3, 7.0 and 1.6 keV for lead; and at 23, 15.7, 14-3. 
r. 

10.1, 9.1, 8.2, 7.2, 7.05, 6.9, and 1.7 keV for bismuth. Majority 

'•tfof these*-resonances are assigned to be ones leading to the ground 

" state of the daughter nucleus of the ( r ,n)-reaction. fJThe analysis 
• - • u 

of the data is now in progress. 
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C. Neutron Experiments - Van de Graaff Accelerator 

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

K. Nishimura, Y. Yamanouti and S. Kikuchi 

• Total neutron cross sections of natural lanthanum and natural 

praseodymium have been measured in the neutron energy range of about 
' • . y If 

20~240 keV, by using a thin Li-F target and a narrow neutron beam 
11 

collimator. The collimator is placed at the.-!!00 direction with re-

V '«' -r 

spect to incident proton beam. The collimator is made of polyethylene .. 

and located in a'center of a paraffin-lead neutron shield. Behind 

the neutron shield, twelve BF, counters are embedded in the paraffin 

moderator and set in the ring geometry around a polyethlene scatterer. 

<The..-sinimum energy step for the measurements of La is about 0.8 keV 

in the energy range of 100 keV and the energy spread of neutrons is 

approximately ± IS keV. The results of the total cross section measure­

ment for La show 'chat there are fluetuations of about 2-keV width, 

superposing on the gross structure of about 65-keV width. The values 

of the cross se.c.tions are in good agreement with those of Duke Uni-

.versity; their neutron spread was about ± 10 keV. 

Total cross section for Pr has been measured with the neutron energy . 

spread of about ± 3 keV and with the minimum energy step of about 4-5 keV. 

The results of the total cross section measurement show also the gross 

";: structure of about 35 keV width. This gross structure is gradually smoothed 

out as the neutron energy increases. The values of cross section obtained 

are not in good agreement with those of Wisconsin University especially in 

lower energy region, where their values are generally higher than ours 

about 10~20$. 

Further measurements and detailed analyses are in progress. 
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I-C-2. Scattering of 1.71 and 2.24 HeV Neutrons from Zinc and,Copper 

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

and Y. Yamanouti 

-'/ 

The differential cross sections for elastic and inelastic scattering 

of neutrons from zinc and copper have been measured at 1.71>and 2.24 MeV 

of incident neutrons over angles from 30 to 150 with a step of 10 . 

The measurement was made by means of- a time-of-flight spect'.-.ometer, in 
• v . / 

which the method of two dimensional recording (time.spectrum and pulse 

height spectrum) was employed in order to improve the. resolution of the 

•time spectrum and to decrease the background level. Neutron bursts were 

generated with a 5.5-KV pulsed beam Van de Graaff accelerator and an ion 

•'•' 2 ) beam bunching system. 

• <$> 
The dat'a'measured were corrected for flux attenuation, multiple scat-

tering in the sample and source-sample angular spreads using a computer 

3 ) • • ' 

code -MULTI. As examples, fig. 1 and fig. 2 show the elastic scattering 

cross sections for Zn and Cu, and the inelastic cross sections for the 

first levels in even-even isotopes of zinc, respectively. 

We have a-plan to extend the incident energies in the present measure­

ment upwards and downwards, and to compare the inelastic data with 

statistical-model calculations. 

1) e.g. A.B. Smith et al., Nucl. Instr. Meth. 50 (1967) 277. 

2) K. Tsukada et al., Nucl. Instr. Meth. 39. (1966) 249. 

3) A. Kohsaka and Y. Tomita, to be'published. 
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I-C-3. Scattering of 4.5 to 8 MeV Neutrons from. Sulphur and Zinc 

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

The differential cross sections for elastic and inelastic scattering 

of neutrons from sulphur and zinc have been measured at 4.48, 5.92 6.97' 

and 7.99 MeV of incident neutrons with a time-of-flight spectrometer. 
r' 0 O 

Scattered neutronfi' were observed at angles from 30" to 150 with a 10 step. 

Optical-potential parameters were obtained from the comparison of the 

• 2 ) S'--'' ' 

optic.al-model calculation and the elastic scattering.data. For sulphur 
. . (•• 

the comparison was made after subtraction of the compound-elastic cross 

2)" -'"V 
sections. The inelastic scattering cross sections"'measured were compared 

2) 3) 
with the Hauser-Feshbach (H-F) and DWBA calculations, the latter being 

applied to the excitation to some particular levels. The competition 

between the direct and tne compound processes was studied quantitatively. 

It was found that the direct process was predominant for the excitation to 

4- *^P fciA C\C\ fi ft 
the 1st levels (2 ) in S and ' ' Zn in the whole energy region studied 

and for 5.01-MeV level (3~) in S at the highest energy. 0 

• As examples, fig. 1 and fig. 2 show the differential cross sections of 

inelastic scattering leading to the 1st (2') and the 5*01 MeV states (3 ) 

32 
in S, respectively. Open circles denote the present data. Triangles 

4) 5) 

and squares are data of Petitt et al. and of present authors previously 

reported, respectively. The full curves show the results of the least-

squares fit of the DWBA calculation plus the H-F calculation to the ex-

perimental data. The dotted curves represent the results of the H-F 

calculation multiplied by a parameter k which represents the rate of 

decrease of the compound, process. Some values of the deformation parame-

ter were extracted from such a comparison. 

The present study is to be published. 
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I-C-4. Elastic and Inelastic Scattering of Fast Neutrons 
-

from Fe. Ni and W ..' , 
•v 

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

Differential cross sections for elastic and inelastic scattering of 

neutrons by Fe, Ni- and W have been measured with a time-of-flight spectro-

meter. Angular distributions were, taken at incident neutron energies of 

1.37, 1.71, 2.01, 2.65 and 3.26 HeV for Fe,' 2.01,. 2.65 and 3-26 MeV for Ni 

and 1.37 and 2.01 ReV for W. . Excitation functions were measured at.90° in 

the energy range 1.37. to 4.49 MeV for Fe, 2.0 to 4.49 MeV for, Ni and 0.964 

to 2.24 MeV for W with a 200 keV step. The measured cross sections are 

compared with the optical-model, Hauser-Feshbach and Moldauer calculations. 

The corrections of level-width fluctuation and resonance interference are' 

applied.for both of the elastic and inelastic scatterings. Best-fit sets 

of the potential parameters are obtained'. 

As examples, figs, land 2 show respectively the differential cross . 

sections of elastic and inelastic scattering leading to the first level of 

56 r-

• Fe. The.experimental results are indicated by.closed circles. The -• 

vertical bars show their errors.- The curves represent the result's'of the 

optical-model and Hauser-Feshbach calculations. .The upper curves in fig. 1 

and the solid curves in fig. 2 are obtained using the overall-fit sets of 

the potential parameters with smooth energy dependence of V and W which 

were searched so as to reproduce the elastic data in-a whole energy range. 

The lower curves in fig. 1 and the broken curves in fig. 2 are obtained . 

using the best-fit potential"' parameter sets. The dotted curves in the both 

figures correspond to those with, the Wilmore-Hodgson potential. The label 
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•Q.= 0 or f) on the curves shows the calculation with the corrections of the 

level width fluctuation and the resonance interference, where Q is the 

2) 
parameter for the -resonance interference correction defined by Moldauer. 

The label H-F is'for the calculation without the corrections. Figure 3 

shows the excitation function of the inelastic scattering for the first 

56 
level of Fe, together with the total neutron cross section of Fe. The 

s > . . " ' . _ • 

curve "exp." is obtainedy, by smoothing.the total cross sections compiled 

in BNL 325 .. The other curves in the same figure are the results of the 

calculations with the overall-fit sets of the optical-model-potential 

parameters. 
• * • . . : 

The present study is to be.published. 

Reference 

1) D. Wilmore and P. E. Hodgson, Nucl. Phys. 55 (1964) 673. 

2) P. A. Moldauer, Phys. Rev. 135 (l964) B642 .';': 

3) M. D. Goldberg et al.,.BNL 325 (l966) 2nd ed. Suppl. 2. 
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it 

I-C-5. High Resolution Measurement of Gamma-Rays from 
'A 

Neutron "Inelastic Scattering 

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

• " ' 

! ' O . 
I . :.• 

A large coaxial type Li-Ge detector associated with a pulsed beam 

time-of-flight technique has been used for the measurements of gamma-rays 

from neutron inelastic scattering. A block diagram of the instrumentation 

is shown in fig.. 1. The volume of the Li-Ge detector is about 17 cc and 

the energy resolution is about 7 keV at 1 MeV associated with a FET 
i) ' • . ' . 

preamplifier circuit. The flight path is 60 cm from the scatterer to the 

detector and the time resolution of about 9 nsec is obtained for the 

gamma-ray peak in the time "spectrum. This peak is separated from the 

peaks which are due to the interactions of neutrons with the detector. 

A typical time spectrum is shown in fig. 2. 

A pulsed proton beam is accelerated by the JAERI 5.5 MV V.D.G. and 

a tritium metal target is used to produce'neutron bursts. The pulse width 

of the pulsed beam is about 2 ns associated with a bunching magnet of 

Mobley type, and the peak current is about 2.5 mA with a repetition rate 

of 1 MHZ. The channel width of the 4-096 multichannel analyzer is 0.87 

ns/channel. By setting the time window for the gamma-ray peak in the 

time spectrum, the energy spectra of gamma-rays from neutron inelastic 

scattering have been obtained. A typical energy spectrum for natural 
. . . .- •:- • & • " 

zinc is shown in fig. 3. 

The measurements of.angular distribution for the gamma-rays from 

0 
neutron inelastic scattering are now in progress along with this instru-

\\ ' . 

mentation. ' >) 1. 
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I-C-6. Energy Dependence of the Nuclear Level Density • 

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

Y. Yamanouti 

1-3) As the continuation of the work previously reported for Co, Cu, 

As, Br, Nb, Ag, In, I, La, Ta and Au, the energy spectra of neutrons in-

elastically scattered from Sb, Cs, Ba,.Ce and Pr have "been measured in the 

energy range 3.5-8.5 KeV (every 0.5 MeV step) of incident neutrons by means 

of the time-of-flight technique with a 6-MV pulsed-beam Van de Graaff 

accelerator and a beam-bunching system of Mobley type. The energy de­

pendence of the. level densities''p (E) in the excitation energy 2 to 7.5 MeV ' 

was carefully derived from the observed spectra. The inverse compound -

nucleus formation cross sections a (E ,0) for several forms of the optical 
c n 

model" potential were used in the derivation, 

2 The i -fitting of two types of the level density function for the 

observed level densities was tried by using a digital computer IBM-7044 in 

order to examine the functional forms of ...the level densities for those 

nuclei and also for the nuclei previously measured. As a result, the fun-
_ o i • 

ction^£~ exp 2(° E )^ of the Fermi-gas type is fitted very well to the 

observed level densities of Co, Cu, As, Br, Ag, I, T.a and Au. On the other 

hand, the constant-temperature type formula expi^/^]) is fitted exclusively 

to those of Ba, La, Ce and Pr. For niobium, the two functional forms can 

be equally fitted to some extent. The level densities of In, Sb and Cs have 

more complex forms. --.-Fig. 1 shows the energy dependence of the level densi-

ties p ( E.) of'ln, I and La, respectively of the complex form, the Fermi-gas 

form, and of the constant-temperature form. Curves show the best fits of 

E expC2(aE r "} for In and I and of exp([£ / 7-3 for lanthanum. The results 

of the analysis, mentioned above are summarized in Table I. The .values of 

nuclear temperature T and the level-density parameter a obtained by using 
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the method of least squares are shown in the 5th and the 6th columns of the 

table, respectively. Spreads of the values of T or a for the same element 

are due to different choices of the inverse compound formation cross sections 

which cause no significant change in the fitting. The energy dependence of 

the constant-temperature or the complex type, as seen in the table, appears 

near the proton or neutron-magic nuclei (P = 50or N = 82). This phenomenon 

seems to he due to the existence of shell effect on the level density form. 

In order to confirm this expectation, further measurements for Ni, Sr, Y, 

Sn and Ho and counting of the nuclear levels on the.basis of the shell model 

using the computer are now in progress. 

References: 

1) K. Tsukada, S. Tanaka, M. Maruyama and Y. Tomita, EANDC (j) 1 "L"• 
(1965) 16 

2) K. Tsukada, S. Tanaka, H. Maruyama and Y. Tomita, Nuclear Physics 78 
(1966) 369 

3) K. Tsukada, S. Tanaka, M. Maruyama and Y. Tomita, EANDC (j) 3 "L" 
. . (1966) 10 lr "'•'' 

Table I Summary of the results 

Element1 Number of 'Functional ' T ' a r xz 

proton ' neutron form tMeV) (MeV"1) 

p_ 'Co 27 32 E~expl2(aE)%] 12.3-13.9 0.96 
• ° Cu 29 34,36 J?'§xp [2(fl£)|*] 14.1-15.4 1.77 

As 33 42 E"lxp[2(aff)^] 17.2-19.2 0.83 
M , .n . Br 35 44,46 E'lxp [2(aE)*D 17.0-20.2 0.99 
ws;>u Nb 41 52 £"Sxp[2(aff)*J (14.6-22.7)0.67 

or expjE/T] (0.60-0.78) 0.98 
Ag 47 60,62 E~Sxp[2(aE)*] 19.3-23.7 0/71 

_ ,.0 In 49 66 complex . 1.44 
Sb 51 70,72 complex 1.79 
I 53 74 S"Sxp[2(affp] 22.2-24.8 0.87 
Cs 55 78 complex' 2.05 
'Ba 56 79,80,81,82 exp [B/T] 0.52-0.58 1.08 

N ' La 57 82 exp D?/r] 0.64-0.73 0.88 
" Ce 58 82,84 exp [E/T] 0.47-0.53 0.58 

\Pr 59 82 expOE/r] 0.45-0.51 1.00 
Ta 73 108 E'lxp [2(aB)Js] 21.5-26.7 0.92 
Au 79 118 E'lxybCaE)**] 19.7-26.1 1.03 
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I-C-7. Investigation of the Be( He,n) C Reaction in the 

Energy Range 3.5 to 10 MeV 

K. Okano*, S. Kikuchi, K. Nishimura, and K. Harada 

The Be('He,n) C reaction has been studied by several investigators 

•13) in the energy range up to 5.8 MeV. ' These authors revealed the direct 

interaction character of the reaction, especially at higher energy region. 

But the agreements of the experimental data with the results of the DWBA 

calculations have .not always been satisfactory. We have extended the energy 

region up to 10 MeV and attempted to make the comparison of the experimental 

angular distributions with the results of DWBA calculations iased on the two 

nucleoh stripping process. The excitation functions and angular distri­

butions of neutrons from the Be( He,n) C reaction leading to the ground 

and first excited states of C have been measured in the bombarding energy 

range from 3.5 to 10 MeV. Singly and doubly charged helium ions from the 

JAERI 5.5 HV V.D.G. were used and the neutrons were detected by a gamma-

discriminated stilbene detector. (l 

The behaviour of the excitation curves and oscillatory pattern of 

angular distributions indicate that a direct interaction process is predomi­

nant at the incident energies above 5 MeV. ' The contributions of the knock-

on process are estimated to be small in the higher.energy region. At lower 

bombarding energies, the reaction'process seems to be more complicated and 

the agreement with the results of the DWBA calculations are rather poor. 

A part of this work has' been presented as a contributed paper in Nuclear 

Structure Conference at Tokyo (September, 1967). A full paper will be sub­

mitted to Nuclear Physics seen. 

* Present address: Research Reactor Institute, Kyoto University 

Kumatori-cho, Sennan-gun, Osaka, JAPAN ,. 
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D. Others 

I-D-l. Accurate Half-Life Measurements of Short-Lived Nuclides 

with Aids of Chemical Separation 

T. Ishimori, K. Kimura, K. Ueno, Y. Kobayashi, H. Hoshi, 

I'l. Saeki, R. Ono, T. Kon, M. Hagiya, and K. Awa 

This note is the abstract cf a report presented at the 8th Japan 

Conference on Radioisotopes, (l967). 

Introduction Recent.developments in radiochemical separation make 

it possible to get better knowledges.on. radioactive disintegration, 

processes. Especially rapid separation techniques are sometimes 

indispensable for studying short-lived nuclides. 

In the present study, entirely new or somewhat modified methods 

0 

were established for the purification of titanium-from scandium, cal­

cium from scandium, yttrium from zirconium, niobium from zirconium, 

rhodium from ruthernium,- barium from cesium and protactinium from 

thorium. By using these methods, short half-lives of titanium-45, 

51, calcium-49, yttrium-89m, niobium-97m, 97, rhodium-103m, 105, 106, 

barium-137m and protactinium-234m were determined. The decay, curves 

for simple [A —• B } type disintegration were analysed en an IBM-7044 

computer, using Rogers FRANTIC program in order to calculate values of 

half-life very accurately. For CA --. B -• C } type disintegration a 

careful graphical method was applied to analyse. 
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Experiment ^Radioactivity measurements Beta activity was measured 

with a proportional gas-flow counter while T - activity with a scintil­

lation counter. For short-lived nuclides, a 400-channel multiscaler 

was also used. Gamma-ray spectra were read by a 256-channel pulse -

height analyser and 3" x 3" NalCTlD scintillation crystal covered with 

plastic absorber. Reagents All chemical reagents used were of 

analytical grade, unless otherwise stated. 

Results Separation procedures utilized and values of half-lives 

obtained are given in Tables 1 and 2. 

The half-life value shown on this table was a weighted mean of, 

some individual determinations. The standard deviation was estimated 

on the basis of the.statistical error. 

Comparison with previously published data leads to the conclusion 

^ \ 
that the)present half-life values fall on the close vicinity of the 

//. 

corresponding previous values and that they look more accurate with 

smaller standard deviations ranged from 0.03 to 1.18$. 

The detail of the present note will be published in a JAERI report. 
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I-D-2. ' The Spontaneous Fission Uranium - 238 

T. Ishimori, K. Ueno, K. Kimura, E. Aka'tsu, Y. Kobayashi, 

J. Akatsu, R. Ono and K. Hoshi. *> 

The present note is the abstract of a paper published in Radio-

chimica Acta Z> 95 (1967) 

A study of the spontaneous fission mass distribution and the 

half-life was carried out during the trial runs of an experimental 

reprocessing plant of the JAERI. Yttrium, cerium and silver nuclides 

were separated from the solution of the fission-products fraction, 

which comes out of the first pulsed column. The resultant data were 

used for calculating the half-life, together with the data already 

reported by other authors. The half-life for the spontaneous fission 

i. 

of 2 3 8U was thus estimated to be (7.191 ± 0.036) * 10 1 5 years. The • 

143 143 
gamma-ray spectrum of the Ce separated^ the decay curves of .. Ce, 
141 93 91 90 

Ce, and Y, Y and. Y, and mass distribution curve are shown. 
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I-D-3. Phonon Spectrum of Light Water Ice 

Y. Nakahara 

The phonon spectrum of light water ice has been computed by-

means of the root.sampling method for a sampling of 1050 points in an 

irreducible zone of the first Brillouin zone. The force model we used 

in our computation is a non-central force model by E. Porslind, in 

which interactions with the first nearest'^neighbors are taken into con­

sideration, -r' 

We consider H O molecule as unit and that molecules with.mass 

of "18 are arranged at positions of oxygen atoms. Each molecule is 

surrounded by four immediate neighbors in tetrahedral arrangement. 

In other words, we neglect the internal degrees of freedom of H O 

molecule. The phorion spectrum, therefore, does not contain modes 

corresponding to the molecular vibrations and rotations. 

The unit cell of ice contains four .molecules. The cell dimensions, 

as measured by Megaw, and corrected according to Owston and Lonsdale, 

are ' -

a = 4.5226 A 

c = 7.3670 A 

a t 0 ° C . • < ? • • ' • • „ . 

Values of seven atomic force constants are determined from the 

experimental values of the elastic constants of Voigt obtained by Jona 

and Scherrer and are' given in Table 1. 
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Table 1. Values of atomic force constants 

a = 379 dyne/cm 0 = 2830 

P = 4445 e = 1616 

r = 3600 K =21549 
•w 

6 = 2830 
•y 

\! 
II 

The secular equation based on the Porslind model was solved for 

1,050 points in the irreducible zone and 12,600 values of eigen-

frequencies are sampled by the PREDAM-Bl code on the IBM-7044. The 

phonon spectrum obtained is given in Fig. 1. Dispersion relations in 

the direction of the crystallographic a-axis and c-axis are also shown 

in Fig. 1. Since the unit cell contains four molecules, eigen-
(J 

frequencies have twelve branches in general. 
Using our phonon spectrum, the calculation of the-'scattering law 

and the scattering cross section of ice are being carried on. 
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E. Japanese Nuclear Data Committee 

The Committee has continued activities mentioned in the previous 

report, EANDC (j) 7 "L". 

Following reports represent main results of the programme coordinated 

by the Committee. 

I-E-l. Neutron Total Cross Section of Carbon 

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

The problem for compilation and evaluation of data related to 

nuclear energy standards was discussed in the EANDC subcommittee at 

"Washington, B.C. in May 1965. The request for evaluation of those 

cross sections such as H(n,n), He(n,p), C(total), Li(h,a ), B(n,"a), 

Au(n,7 ), Pb(total),
 235U(n,f), 259Pu(n,f) and 252Cf(u ) were proposed 

at that time. Among these standard cross sections,.-Japanese group has 

interest in the evaluation for total neutron cross sections of carbon 

and lead. The evaluation work for carbon has been started this year 

as one of activities of the Japanese' Nuclear Data Committee. 

The numerical data of neutron total cross section of carbon were 

• obtained from SCISRS through CCDN, and plotted on graphical papers by 

using a Calcomp plotter to make the evaluation work easier. 

Recently, a retrieval of carbon data of up-to-date has been sent 

from CCDN and isoised for confirming that previous compiled data of 
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SCISRS have not missed any important new material. 

As requested from EANDC proposal-;, the energy range of interest 

for carbon is from thermal to 2 MeV. There is no marked resonance 

structure in neutron total cross section of carbon up to 2 MeV, ex-

cept for two resonances of C which is contained 1.11% in natural 

carbon. All compiled data obtained indicate that there is three-

marked resonances in carbon between 2 and 4 MeV. In the present 

stage, we understand that there are two different values of cross 

sections (4.95 and 4.71 ) at thermal energy. 

In the keV ~ MeV region we have 8, groups of measurements, each 

of which contains more than 100 data points. Looking at all these 

data we find, that their values of cross section scatter about ±3~5$-

What kinds of weight should be allotted to these data? How to 

evaluate these experimental results? These are major problems to be 

resolved. In order to deduce a recommended curve of carbon cross 

section, critical review, analyses, and discussions are now in 

progress. 
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I-E-2. Review of Some Fast' Neutron Cross. Section Data 
* 

Y. Kanda* and R. Nakasima** 

(This is the abstract prepared for contributing paper to the 2nd 

Conference on Neutron Cross Sections and Technology.) 

Some of the existing cross-section data which aro usually adopted 

as standards in fast neutron experiments are reviewed. The cross-

• 27 ''' 

section data compiled for this purpose are those for Al(nf« ) , 

56Fe(n, p ) , 65Cu(n, 2n) and 65Cu(n, 2n) reactions in the energy range;; 

from threshold to 20 HeV. The raw data points are so much scattered 

that recommendation of. the cross-section value is difficult to make 

within the accuracy of 10$. This is mainly due to the ambiguity in 

determining the flux of neutrons and to the statistical fluctuations 

in the number of counts.' In some cases,.the inaccuracy in the neutron 

energy determination may lead to serious discrepancy. Discussions 

are presented in concern with the activation method and with the 

rejected data. Host likely excitation function is obtained for each 

reaction by means of the least squares method. 

* Tokyo Institute of Technology, Tokyo 

** Hosei University, Tokyo 
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I-E-3. A Computer File of Resonance Data 

T. Fuketa, Y. Nakajiraa, and K. Okamoto 

A paper on this subject was submitted to the Second Conference 

on Neutron Cross Sections and Technology, Washington, D.C., U.S.A., 

March 4-7, 1968 with an abstract as follows: 

A computer programme to make a computer file of resonance data 

(COHFORD)- was prepared. In the COMFORD, the neutron resonance data, 

that is, resonance energies, spins, neutron widths, capture widths, 

average level spacings, strength functions, and so on are stored in 

a magnetic tape in the order of atomic number. Different blocks of 

data for the same atomic number are stored in the order of publication 

date and a conl̂ rol number which facilitates the identification of a data 

block. Symbols, which are equivalent to certain comments, can be 

attached to the individual numerical data in order to give an idea 

about the quality of the data, and these symbols nay be used to clas­

sify the data when they are read out from the COMFORD.. The primary 

purpose of the COMFORD is to use it as an input-data tape for variety 

of the computer analyses to investigate the statistical property of 

the neutron resonances; and, thorough and complete storage of the all 

published data into the COMFORD is not intended. 
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I-E-4. Activities of the Group Constants Working Group 

S. Katsuragi and H. Sakata 

1. Evaluation of the Data Library Prepared in 1966 

The MUFT-type data library prepared in 1966 (EANDC (j) 7 p.25) 

was modified by correcting minor errors in the processing, of the angular 

distribution of scattering cross sections and of the inelastic scattering 

matrix. The evaluation of the data library has been done by comparing 

the calculated and experimental results on the U0? fuel and light water 

moderator system and the PuO fuel and light water moderator system. 

In the case of U0„ and light water system, the calculated values for 

age of water and the fast neutron fission effects are smaller than those 

of experiments but for the effective resonance integral of U, the 

diffusion length of H O and the disadvantage factor are larger. Thus 

it leads to a value of effective multicative factor about 0.5$ smaller 

than the measured one, though' the larger calculated values have been 

obtained from other data libraries. The calculations are now in pro­

gress for the' case of PUO2-UO2 and light water system, and a tentative 

estimation of the results seems to show that the accuracy of our' data 
. 0 

library is quite satisfactory. This project of developing more reli-
b 

able data library will be continued with more accurate microscopic-

nuclear data. 

Preparation of Data Library for Fission Product Nuclides 

A proj£c"t~"of developing a data library for fission product 

nuclides has been started in order to make more accurate burn-up 
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calculations' of reactors. This project consists of the following 

four steps: 

1) Compilation of the nuclear data, the fission yield, and the 

half-life for about 450 nuclides of interest,. 

2) Calculations of the isotopic concentration of nuclides in the 

turn-up process, taking account of the absorption cross sections 

and the life times. 

3) Calculations of the resonance integral and reactor multi-group 

/ i 

constants ' 

4) Making up of pseudo-fission products through classification (5 

groups) of fission products in accordance with their importance 

in reactor calculations,- together- with the.-calculations, of .the 

reactor constants for each group. 

In the first step (l), the focus was put on compilation and exami­

nation of thermal neutron cross sections and resonance parameters with 

the aid of BNL-325 mainly. Further, compilation and'••'examination of 

nuclear data needed for the calculations of (2) and (3) was also made 

in this stage, in parallel with the wide investigation of data for the 
0 •. ' . " 

16 nuclides of much importance. 

In the second step, the focus was put on. the--preparation of a com­

puter program for calculating the changes of the concentration of 

fission product nuclides; actual calculations were performed by use of 

two group constants taking a thermal reactor into account. In the 

third step, the main purpose was to prepare a computer code in con­

sideration of resonance parameters; The single level formula was 
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applied for the resolved resonance region and the statistical theory 

was used for the unresolved resonance region, Calculations are now in 

progress for such nuclides as those for which resonance parameters are 

provided. 

. So far obtained are about 95 nuclides which provide data on 3 

resonance parameters as well as about 160 nuclides which provide 

thermal neutron cross sections. Nuclear data needed for reactor 

calculations are excessively lacking in quantity, and increase of 

useful data are wanted. The fourth step (4) will be our future task 

to be completed in connection with the fuel burn-up calculations and 

by use of the- results from the works in the third step. 

3. Preparation of a Processing Code for a Data Library 

In order to evaluate various data compiled, comparison of the ° 

respective datum is needed as an important procedure. A computer 

plotting code was developed in this concern for the purpose of making 

graphs for evaluated data. The data library ENDP-A was-adopted as a 

basic format of input data. r.. 

Since the data provided in the-CCDN are different in their form 

in the file, from those- in- the • ENDP-A, a processing code PROF GR0UCH-M , 

also- developed by ourselves, is not applicable to the CCDN data file. 

Thus a code for changing the CCDN format to that of ENDF was developed. 
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II. Konan University 

14, II-l. The (n,o:) Reaction on N with 14.1-HeV Neutrons 

K. Yu'asa, H. Fujiwara, B. Saeki, and H. Ohta 

For the cluster structure investigation in the light nuclear region, 

the angular distributions of the alpha particles from the N(n,.a )iXB 

reaction with 14.1-MeV neutrons have.been measured by means of the 

counter telescope with two proportional counters filled with 5 cm-Hg 

2 
argon and a. silicon surface barrier detector with 2 cm -sensitive area. 

The distance between the neutron source with the flux of 10 . 

neutrons per sec into 4 T and the melamine target (l.62 mg/cm ) was 

13 cm, and that between the target and the SSD was also 13 cm. 

The^results are shown in the following figures, in which it is 

considered that the angular distribution of alpha particles from the 

11' 3 

formation of the ground state of B is dominantly due to the He 

pick-up process and that of the first excited state of B is the 

mixture of the pick-up and the heavy particle stripping processes. 
12 

The possibility of the alpha clusters in the nucleus such as C and 
I6n . . . 14v 0 is not seen in N. 
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III. Kyoto University 

Research Reactor Institute 

III-l. Cross Section Measurement for the Rh(n,n') -Rh and 

In(n,n') In Reactions* 

I. Kimura, K. Kobayashi and T. Shibata 

Since the remarkable discrepancies have existed in the cross 

•section data for the Rh(n,n') Rh and In(n,n') In reactions, 

they have been carefully measured. Monoenergetic neutrons have been 

produced with a 2 MeV Van de Graaff accelerator**; A 'thin- Nal(Tl) 
. " • ff 

scintillator with a beryllium window'has been used to measure the 

activity of Rh. For its absolute activity measurement, a standard 

Rh source has been made from the-ruthenium trichloride - irradiated 

with thermal neutrons. In this case, the electrodeposition technique 
115 has been introduced. To measure the activity of In, a 3" x 3" 

'<< 

Nal(Tl) scintillator has been used. ^ 

The experimental results of both reaction cross sections are 

shown in Fig. 1 and Fig. 2. From these data, the 'effective cross 

section o0 and the cross section averaged over the fission spectrum 

* To be published as a technical report of the Research Reactor 

Institute, Kyoto University, .(KURRI-TR) and also to be submitted 

to the Journal of Nuclear Science and.Technology. . 

*'* This work was partly performed under the support by the National 

University Program for the Joint Use of JAERI Facilities. 
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neutrons a can be calculated and are shown in Table 1 and Table 2. 

In order to check the obtained cross sections for both reactions, 

rhodium foils and indium foils were irradiated at the several points 

in the water beside the core of the Kyoto University Reactor, KUR, 
CI 

which is a 1000 KW tank type reactor with 90$ enriched uranium fuels. 

Fig. 3 shows the induced activities which have been compared with the 

theoretical calculation where the neutron spectra were calculated by 

1) 

the NIOBS code by V. V. Verbinski et al. . From this, we may con­

clude that the present cross sections seem to be reasonable. IV 
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Table 1. 115In(n,n')115mIn Cross Section Data 

References 

Present Data 

7) Fahrmann 

Beckurts and 
Wirtz 3) 

Zijp8) 

9) Berwanger 

Delattre 

Bresesti 

et al. 

aa • (mb) 

368 i 22 

360 

350 

-

370 

-

-

a (mb) 

177.1 i 10 

170 

171 

179 . 

-

• 155 ± 5 

Ee„(HeV) 

1.65 

1.5 

1.65 

1.5 

1.766 

1.5 

-

Eih'(«eV) 

-

-

0.335 

-

-

i -

-

••J 

Table 2. 105Rh(ri,n')105mRh Cross Section Data 

References 

Present Data 

2) 
Roy et al.. 

7) Fiihrnann 

Beckurts. and 
Wirtz 3) 

'. Zi5P8) 

Delattre10.^ 

o0 (mb) 

785 + 65 

-

.n 

1500 '• 

-

-

a (mb) . 

519 i 43 

535.8 

-

1093 . 

1093 

-

Eeff(MeV) 

1.05 

r*. _ 

1.1 

0.9 

0.6 

0.8 

Eth(MeV) 

\ _ 

0.04 

-

0.04 

'.. ~ o 

-
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IV. Kyushu University 

Department•of Nuclear Engineering 

IV-1. (n, p) and (n, np) Reactions of Ca 

A. Katase, T. Akiyoshi , M. Sonoda and H. Seki 

Analyses of the (n, p) and (nf np) reactions of Ca >>• induced by 

14.1 MeV neutrons have been completed. A paper describing the details 

of the results' has been accepted for publication in Nuclear Physics. 

The abstract follows: 

"The constant-temperature formula for level density fits the energy 

distribution for backward angles and yields the nuclear temperature of 

1.34 ± 0.04 MeV for K . The angular distributions of the protons 

emitted through compound process are nearly symmetric around 90 for 

the higher and lower energy regions. The spin cut-off parameter is 

estimated to be about 2.0 from the angular distribution of protons 

emitted only by the (n, p) reaction. The cross sections for the (n, p) 

and (n, np) reactions through compound process are 471 ± 21 mb and 

180 ± 32 mb, respectively. 

The direct (n, p) reaction has a cross section of about 11 mb. „ 

* Present Address: Research Reactor Institute, Kyoto University 

**. Present Address: Department of Applied Physics, Hiroshima 

University 
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IV-2. (nt p) Reaction of Zn 

I. Fujita, K. Iwatani* , M. Sonoda, A. Katase, 

M. Seki* and Y. Wakuta 

Further analyses on the data measured previously for Zn and Zn 

have been nearly completed. The angular distributions are symmetric 

about 90 . Fitting the angular distributions to Knox's formula, the 

values of spin cut-off parameter are derived for some intervals of 

proton energies. The results are shown in Table I, the details of 

which will soon be submitted for publication. 

Table I 

Tp (MeV) a (MeV-1) "nfp** "n,np** 

Zn64 1.06 + 0.06 3-9 ! 0.4 188 ± 13 200 ± 31 

Zn66 1.35 ± 0.05 2.5 + 0.3 53-5 + 2.5 37.0 + 75 

IV-3. ' (h, n') Reactions 

I. Fujita, H. Sonoda, A. Katase, Y. Wakuta, 

M. Hyakutake, K. 'Iwatani* and H. Tawara 

Using a time-of-flight method, continuous energy spectra were 

measured for inelastically scattered neutrons from 12 natural targets; 

* Present Address: Department of Applied Physics, Hiroshima University 

** The cross-sections have been calculated, using xhe constant 

temperature formula. 
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Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2n, Ge and As. The energy, of incident**,, 

neutrons was 14.1 MeV. The values of the nuclear temperature and ...r.
 ,r.-> 

level density parameter for the residual nuclei were derived using 

three different assumptions about the values of ac ; l):-'oc calculated 

with Perry-Buck potential, II) <*c calculated with Bjorklund-Fernbach 

potential, and III) ac assumed to be constant. The results are aVown 

in Fig. 1. . • 

The!values of level density parameter calculated with the as­

sumption 'I and II are coincident with each other within the experimental 

errors. -The values calculated with the assumption III deviate for the 

nuclei of lower mass number. The same effect is found for the values of 

nuclear temperature. The trend of the value of level density parameter 

as a function of mass number is expressed by Newton's formula. 

a . = w(jp + j n + l), 

II 

where the 3hell effect is taken into account., 

However, the value of k determined by Lang ( k .= 0.0748) is too small 

to fit the formula to the values of level density, parameter derived 

experimentally. 
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IV-4. (n. n') Reaction of S32. Ca40 and Co59 

A. Katase, I«I. Sonoda, Y. Wakuta, M. Eyakutake, 

H. Tawara and I. Fujita 

32 40 59 
Further experiments on S , Ca and Co have been completed. 

32 40 
In contrast to other nuclei, S and Ca show the exceptional feature 

in the (n, p) reaction that the lower energy protons are anisotropic' 

though the ratio a (n, np)/a (n, p) is small. This fact is not con­

sistent with Bodansky's suggestion that' the lower energy protons due 

to the (n, p) reaction are isotropic and those due to the (n, np) 

reaction are anisotropic. 

The present experiment was undertaken to investigate whether 

this effect is also found in the (n, n') reaction. The measurement 

59 on Co was made for the sake of comparison. Angular and energy 

distributions were measured both for the continuous and discrete 

energy regions of inelastically scattered neutrons. Analysis is now 

in progress. 
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IV-5. (7 , f) Reactions 

Y. Wakuta, A. Katase, K. Sonoda, I. Fujita, M. Eyakutake, 

K. Iwatani and H. Seki*. 

• r — 1 - •• • 

'I 

The previous experiments, carried out for U and Th nuclei in the 

r -ray energy region of 200-750 MeV, were extended to higher energies 

up to 1.1 GeV. 

The results obtained in the previous experiments, that a resonance 

corresponding to the (3-3) resonance in JT -meson production appeared 

in the fission excitation function and that the angular distribution 

of fission fragment changes appreciably at the resonance, have been 

reconfirmed. Furthermore, a new resonance was found at the j- -ray . 

energy of about 770 MeV, which corresponds to the second resonance in 

n -meson production. Analysis of the data is still^underway. 

The fission cross sections were measured for the nuclei of lower 
" ' ' i 

mass number; Bi, Pb, Au and Ta and also for U and Th, using solid 

state nuclear track detector. 

Scanning is now in progress. 

* Present Address: Department of. Applied Physics, 

Hiroshima University 
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IV-6. Analysis of Ternary Fission 

Akira Katasei 
// 

Trajectory- calculation was made for each component of ternary 

fission, using three-point-charge assumption and two-dimension approxi­

mation. From many systematic computations, some relations wers deduced 

between the initial values of the parameters describing th£ scission 

state and.the final values of the parameters measured experinontally. 

For example, if D^ and Dp denote the distance of the initial emission 

point • of the third light particle from the light fragment and the-

distance between two fission fragments respectively, the final kinetic 

energy E of the third-particle is approximately given by a quadratic 
A A 

equation of x ( = D.AL, ) h 

E A = A (x-x 0)
2 + C, 

where A, C and x0 are the constants which depend on the parameters 

other than x describing the scission state. T̂-nese relations have 

been useful (V;o derive the values of the initial parameters from those 

of the final parameters measured experimentally, without making 

trajectory calculations. The values of the initial parameters are 

very important to elucidate the mechanism of fission. 

'-The method of analysis was applied to the long range alpha 

252 
particle fission of Cf J and found to be quite satisfactory. 

The details arc to be.submitted for publication in Journal of 

•The Physical Society of Japan. 

This method will also be applied to the analysis of ternary 

235 
fission of U induced by thermal neutrons. . 
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V. Osaka University 

V-l. Inelastic Scattering of Thermal Neutrons 

by Rotating Molecules 
•V.-1C -V-41- -V>J£> V y 

T. Sekiya, K. Sakamoto, C. Nishida and Y. Watan 

In the calculation of scattering laws of thermal and cold neutrons^ 

for various moderator molecules the translational and rotational de­

grees of freedom play an important role. About translational motion 

there are many authors who tried to take into account the effect of 

diffusion motion of molecules in liquid. About rotational motion, 

l) 2) 

however, we find a very few theoretical treatments especially 

in the case of asymmetric molecules. In such molecules there are 

usually the other rotational effect such as intra- and inter-molecular 

rotations. Thus we are now studying the problems along two lines. 

"The first is to*treat the problem as exactly as possible about simple 

rigid model and to find a general feature of scattering law for free 

rotation of molecules. The second is to make concrete models of 

molecules about intra- and inter-rotational structures. Last year we 

succeeded in determining the potential barrier height of intra-molecular 
3) 

rotation of organic moderator molecule biphenyl. This year our 

efforts" are concentrated to determine the intermolecular rotation-

barrier-heights for solid phenyl molecules by using MMR and Raman data. 

From these results we get an interpretation of neutron scattering data 

reported'by several authors. 
*• The work was supported by the Japanese Nuclear Data Committee. 

** Department of Nuclear Engineering, Faculty of Engineering 



NOT FOR PUBLICATION - 61 - EANDC (j) 8 "L" 

(l) The Calculation of Scattering Law of Asymmetric Top Molecules. 

(ASTOH code): The calculation method of scattering law;developed 

by Volkin for rigid molecules having a specified angular momentum 

J is generalized to average over statistical distribution about J. 

A SUBROUTINE is also added to calculate the coefficients of ex­

pansion of asymmetric top wave functions in the series of symmetric 

top wave functions. The results show a possibility that the-re are 

singularities in S(a,/9) curves originated from the limits of augu-

ments of elliptic functions. We also find a similar tendency in 

the experimental results obtained by Glaser about water vapor. To 

ascertain this feature the code is now being improved to include 

the translational effects. We also find a general principle to 

add higher quantum corrections by using the following relation for 

non-commutative variables X, Y: 

a (X + Y) = 3 (x) + J M GI(X, Y) + ± M G2(X'F Y). + ...., 

•Gn+1(X, Y) = Gn(X,"Y)Y - X, Gn(X, Y) , 

GQ(X, Y) = 1. 

In our problem 

-.</ 

K2 

X = € + T + —T7-+ C 

2 M ' 

Y = A + B , 

where Af B, C,« , * are defined in Volkih's paper and •* is Fourier 

inverse space variable of t of translational matrix element. 

(2) The rotational barrier heights of inter-molecular rotations of a 

-, 4) 
benzene molecule are determined by the NMR data of spin-lattice 

relaxation time Tx and the rotational frequencies are calculated 
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by then. The results agree with the Raman spectra measured by 

5) 

Fruhling within the limit of experimental errors and suggest 

that the low frequency peaks in neutron scattering data obtained 

by Glaser, Zemlyanov , Ross and Tarina correspond to the 

inter-molecular rotations. 

In the table our results-evaluated from molecular theory and 

Andrew's data are compared with Raman spectra in solid benzene 

and with neutron scattering data in liquid benzene. 

Table Level spacings of hexad axis 

rotation (in 10~^eV) 

Solid 

Our results 

from molecular 
theory(270°K) 

7.6 

from Andrew's 
data(90~270°K) 

8.2 ± 0.2 

Raman spectra 

by Fruhling 

(273+2 °K) 

. 8.5 ± 0.5 

Liquid (293°K) 

Neutron scattering data 

by 
Zemlyanov 

7.6 ' 

by 
Glaser 

^ 10 

by 
Ross 

7-5 

vie also calculated the level spacing of diffusion in liquid benzene 

using the potential barrier height 2.0. kcal/mol determined/by the 

spin echo method. ' The value is the same order as the peak at 

1.8 mev in Zemlyanov's data. So this peak supposedly originates, 

from molecular diffusion. . We also find a correspondence between 

these peaks and Tarina's neutron scattering data in liquid and 

solid benzene. 



NOT FOR PUBLICATION - 63 - EAN.DC (j) 8 "L" 

References: 

1) T. J. Krieger and M. S. Nelkin; Phys. Rev. .106, 290 (1957) 

2) H. C. Volkin; Phys. Rev. .113., 866 (1959) 

3) T. Sekiya, K. Sakamoto and C. Nishida; Tech. Repts Osaka Univ., 

16, 431 (1966) 

4) E. R. Andrew and R. G. Eades; Proc. Roy. Soc. London, A, 2,18 

537 (1953) 

.5) A. Fruhling; Ann. de Phys., .12, 26 (l95l) '<;• 

6) W. C-laser; Nucleonik 2» 64 (1965) 

7) M. G. Zeralyanov and H. A. Chernoplekov; ,/Ato.Tinaya Energiya 1^, \ 

257 (1963) 

8)VV D. IC. Ross, F. P. Szabo and Y. Sanalan; Symposium on Neutron 

Thermalization and Reactor Spectra SH96/I (1967) 

9) V. Tarina; J. 'Chem. Phys., 46, 2273 (1967) 
/ / • 

10)' R. Hauser, G. Mai'er and F. Noack; Z. Naturforschg. 2!la, 1410 (1966) 

CI 

"1 

V-2. Slow Neutron Scattering and Space-Time Correlation Functions 

S. Sunakava*, S. Yamasaki*, and T. Nishigori** 

• " , Si 

The detail on this work, which was outlined in the previous 

progress report :(EANDC (j) 7 "L"), has been published in Prog. Theor. 
Q. 

Phys. ZL (1967), 1051. 

Department of Physics, College of General-Education. 
o ' ' 
Department of Nuclear Engineering, Faculty of.. Engineering. 
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V-3. Theory of Multiple Scattering of Slow Neutron 

T. Nishigori*, S. Yamasaki**, and S. Sunakawa*"*' ' ,-..•'' 
' * . • . ' . . + • . ' 

''. ;:;' i .• -: 

The cross section formula for the multiple scattering'.bf "slow 

^ ''/' l) 
neutron reported in the previous progress report, EANDC (j) 7 "L" , 

is improved so as to satisfy the condition of detailed balance. The 

scattering operator T can be rearranged in the form 

T= S Tn + S STGTQ+E E EoraG.ToG T +•-, ( l) 

where 

Ta= Va + VaGVa +VaGVaGVa+ • . ^ 

The scattering operator T describes the scattering of a neutron by a 

single atom a in the target system, and G refers to the propagator of 

the neutron. In the evaluation'of the "-matrix element of (l), two approxi­

mations are used. The first is that the propagator G in the single 

scattering operator (2) is approximated by that of the free neutron, 

although-Q in (l) is retained as it is. This approximation is based, 

on the assumption that the single scattering by an atom is affected 

little by the presence of other atoms and that the many-particle-effect 

is important for the intermediate stages of a neutron among successive 
• / ; 1 ) 

single scatterings by different atoms. In the previous formulation , 

the propagator in (l) was also replaced by the free one, which led to 

the violation of the condition of detailed balance. On the other hand, 

the improvement of this approximation corresponds to the inclusion of 

the correct recoil effect to the intermediate neutron, and to the satis­

faction of the requirement .of detailed balance. 

* Department of Nuclear Engineering, Faculty of Engineering. 

** Department of Physics, College of General Education. 
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The second approximation is for the treatment of the off-energy-shell 

matrix elements like <fc-'/"i(£i)lfej> , where the scattering operator t(£;) 

is produced by extracting out the variables of target atoms from the 

single scattering operator. For the slow neutrons it is permitted to 

approximate this matrix element by a scattering length a .
 v 

By making use of these two approximations, we reach the following 

expression for the scattering cross section; 

JtrU+f) =f Q*k <(,. i(er cot/I Q ,,',, . 

X WA^m/tri; ^m-ntn-i/••• 5 X §, 0 J Kt,Z }X,i, t + tj ; '" i X n,t + tn), 

where the (m+n+2)-particle space-time correlation function G is defind by 

Q(x'n,t'm',xlt-i,t'H-,i-) xZ, o |X c, t ; K , , t +1,; •••; x,n,t + tn) j\ 

x §(x;-^(0)).Kjtc-^(i))Srx,-rP(t+to)--^Jc„-^(t+tn))^, 
(±) 

and the propagation functions K[ (T,"t) are given by 

,/<iC±)(r,t)= (±y)e±(t)Ki(r,t)> (5) 
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and 

KAr,t) 
licit 

m *J; dk el(Ci~ek-)t/% ikr-
UTcf 

fa t>0, 

e-6|t|/t fat^O. 

The functions 0±(t ) in (5) are defined by 

e„ct)=j e_ct)= 
and 

The time-dependence of Ki (Tft) is caused by the recoil effect of the 

target atom to the neutron.. 

The leading term (n=m=o) in (3) is the contribution from the single 

• & 

scattering and coincides with the Van Hove formula. The higher terms are 

that from the multiple scattering. The expression (3) satisfies the 

condition of detailed balance 

'g. e~
£l/kT foU'+f) = £ e-

€*/hT J^tzll. 

A well-defined classical approximation for the multiple scattering 

process is also studied along the line of reasoning of our preceding 

report in this article. 

The detail of the present note will be published in Prog. Theor. 

Phys. 2% (1968). c • ^-

Reference s l) S. Sunakawa, Y. Pukui, and T. Nishigori, Prog. 

Theor. Phys. 25. (1966), 228. 
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VI. Radiation Center of Osaka Prefecture 

VI-1. Double Scattering of Neutron in a Stilbene Scintillator 

J. Furuta, M. Fujishiro and T. Asuma 

The efficiency of the neutron detection of the stilbene scintil­

lator has been investigated. The efficiency was calculated first 

taking only the single scattering into account, and second the effect 

of the double scattering process, in which an incident neutron collided 

with carbon nucleus and then with hydrogen in the scintillator. Ex-

perimental check on the efficiency for 3.0- and 14.1-MeV neutrons wa3 

made by .using four cylindrical scintillators of 2.5-cm diameter and 

' respective thicknesses of 0.3, 0.5, 1.0 and 1.5 cm. For 3.0-MeV 

J 
;..;neutrons and the scintillator thicker than 1.0 cm, the discrepancy 

between the measured efficiency and the calculated one based on the 

single scattering assumption was apparent. For 14.1-MeV neutrons, 

, however, the above discrepancy was within an experimental error of 

±6fo even with the thickest scintillator. These results were in agree­

ment with the expectation, derived from the calculation, that for 

scintillators of usual thickness, the double scattering effect is 

negligible against neutrons of energy above 10 MeV, but it can no 

longer be negligible for. neutrons of energy below a few HeV. 
-.1 
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VII. Rikkyo (St. Paul's) University 

Department of Physics 

// V\ 

VII-1. Measurements of the Cross Sections of the D(ntn)d and 

D(n,p)2n Reactions at 14.1 HeV 

S. Shirato and N. Koori 

Recoil deuterons and breakup protons from deuterons bombarded with 

14.1 KeV neutrons have been measured with a counter-telescope consisting 

of tandem proportional counter* followed by a.lithium-drifted silicon 

* - / 2 

detector . Deuterated paraffin of 8.3 rag/cm thick and deuterated 

polyethylene of 5.1'mg/cm thick were used in this experiment. '' 

The differential cross section of the n-d elastic scattering in the 

laboratory- system has been determined to be 488 ± 25 mb/sterad at the 

angle between the telescope axis and the^xneident neutron axis y of 

0° (i.e., the mean angle #" of 3.9 ± 2.0°). The result of the measured 

angular distribution of the recoil deuterons was analyzed, as shown in 

Fig. 1 where the other experimental data as well as tho theoretical 

curves of Christian-Gammel and Aaron-Amado-Yam were given for comparison. 

The result of the energy spectrum of the breakup protons measured 

at 00 of,0° has presented a pronounced n-n enhancement peak at the high 

energy side of the spectrum. Fig. 2 shows the high energy part of the 

measured spectrum (the absolute differential cross section), with which 

the smeared theoretical results of Watson and Aaron-Amado were compared. 

";;" 3. Shirato and N. Kcori: Kucl. InsLr. Meth. (1967, in press). 
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The present result was not inconsistent vdth the experimental data of 

Ilakovac et al. and Voitovetskii et al. It is noted that the experi­

mental value of the differential cross section of the D(n,p)2n reaction 

was considerably different from the predictions based on simple theories, 

while a more precise theory of Aaron-Amado seemed to present better 

agreement although it would give somewhat smaller values of the- cross 

sections not only for the breakup reaction but also for the elastic 

scattering. 
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^ig. 1. Angular distribution of the n-d elastic scattering in the' 
center-of-mass system. 
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VIII. Tohoku University 

?7 PR "̂T 
VIII-1. Energy Spectra of Photoneutrons from Al , Si , P , 

„ 181 , ̂ .209 Ta and Bi 

N. Mutsuro, N. Kawamura, T. Osawa, H. Tsubota, T. Fuketa , 

Y. Kawarasaki*, Y. Nakajima*, T. Ishizuka** 

The fast photoneutron energy spectra from the ( T ,n)-reactions of 

Al^7, Si28, P51, Ta 1 8 1 and Bi 2 0 9 were measured with the JASRI 20-KeV 

electron linear accelerator and the nanosecond time-of-flight system. 

The neutron energy resolution of 40 KeV at 2 HeV and of 500 KeV at 

10 HeV were obtained. 

The report of this work will shortly be completed and submitted to 

the Journal of Physical Society of Japan. 

* Japan Atomic Energy Research Institute, Tokai. 

** Saitama University, Urawa, Japan 
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IX. Tokyo Institute of Technology-

Research Laboratory of Nuclear Reactor 

IX-1. C(nta ) Be Reaction Induced by 14-HeV Neutrons 

H. Kitazawa, Y. Kanda and N. Yamarauro 

The ^(n, a ) BE reaction leading to the ground state of "'Be has 

been investigated by bombarding a thin polyethylene film with 14-KeV 

neutrons. The alpha-particles from the target were detected with a 

Csl(Tl) scintillation counter. The particle identification was made 

by the pulse-shape discrimination method. The angular distribution of 

the emitted alpha-particles exhibited a feature of direct process, 

rhaving two peaks at 30° and 180° in the center of mass system. The 

former was analyzed in terms of knock-on process and the other in 

2) 
terms of the heavy-particle stripping process. The 4lnuoscillation 

8 
3s state in the Be(ground state)- a-cluster representation, assigned 

3) ' 12 

by Wildermuth , was adopted for the ground state of C. The reduced 

width- of the alpha-particle (0a B ) was determined for the ground 

state of C. The total cross section for the C(n, « ) Be reaction 
q 

leading to the ground state of Be was about 74 mb. 

Re^rences: 

,l) T. Honda, Genshikaku Kenkyu, 10 (1965) 114 

2) T. Honda and H. Ui, Prog. Theor. Phys. j£ (l96l) 613 

3) K. Wildermuth and Th. Kannellopoulos,•Nucl. Phys. 2 (l96l) 150 
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X. University of Tokyo 

Institute for Solid State Physics 

12 1*5 
X-l. Polarization of Neutrons from the C (djnn)N Reaction 

below 1.8 HeV Deuterons Energies 

K. Katori, A. Uchida, K. Imaizumi and S. Kobayashi 

The C (djn0)N reaction has Q = -0.281 MeV and so is expected 

to show strong direct interaction effect even at low energies of the 

bombarding deuterons. As an extension of Meier et al.'s results to 

the lower bombarding energy, the polarization of neutrons from the 

reaction has been measured at three deuteron energies between 1.5 and 

1.8:MeV. Measurements were performed by using a liquid helium time-

2) 
of-flight neutron polarimeter with a spin precession solenoid. • An 

attempt has been made to fit both the differential cross section and 

the polarization by using the same optical parameters in DWBA calcu­

lations. In this energy range the differential cross section for the 

reaction changes rapidly with the bombarding energies.• By means of 

the same analysis that was applied to the 4.02 MeV resonance by 

3) 
Fulbright et al. , the direct interaction mode was. extracted from 

least-square fitting of the excitation function measured by Elwyn 
. ;/ . 

4) 
et al. The extracted direct component of the cross section at E^ 

= 1.62 HeV is compared with the results of DWBA calculation. Since :•• 

carbon is a light nucleus, a potential of .Woods-Saxon form is assumed. 

Five typical sets of parameters are shown in the figure and are tabu-

lated below. The differential cross sections are normalized to the 
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experimental value at the maximum. All sets of parameter give rise 

to the valley at y _, « ~ 20 . This disagreement suggests that the 

angular distribution of neutron polarization may be strongly affected 

by compound nuclear process. The polarization at the forv/ard angle 

may be to some extent decreased by applying the same analysis done for 

the cross section. 

References: 

1) H. K. Meier et al.: P. R. 1§0 (1966) 821 . 

2) K. Katori et al.: Tech. Rep. of ISSP (l967) 

3) H. W. Pulbright et al.: N. P. A^i (1967) 214 

4) A. Elwyn et al.: P.R. 116 (1959) 1490 

5) L. Rosen: Ann. of Phys. 2± (1965) 96 
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X-2. The Spin-Spin Interaction of 1.19 NeV Polarized Neutrons with 
59 Polarized Co Nuclei* 

S. Kobayashi, K. Nagamine, H. Imaizumi, A. Uchida 

and K. Katori 

Recently there have been a number of investigations for the spin-

spin interaction in nuclear reactions, and in the experiments with 

polarized Ho nuclei such an interaction has been sought. In 

59 the present experiment a high degree of nuclear polarization of Co 

(P ~ 0.30) was attained by using a polycrystalline metal of the CO'Q QQ 

-Fe„ n alloy (l.5 cm diameter and 0.15 cm thickness) at a temperature 

of 0.03°K and an external magnetic field of 2 k 0 e . The chrome alum 

heat sink of 200 g r was adiabatically demagnetized, and large thermal 

contact area (2000 cm ) between tho salt and the target sample was 

established using silver wires. It took 2 or 3 hours for the whole 

.system to bo warmed up to 0.05 K. The degree, of polarization was 

estimated using the hfs coupling constant and the temperature of the 

sample obtained from both r -ray anisotropy from Co embedded in the . 

target and magnetic susceptibility of the heat sink. The C(d,n 0). 

reaction was used.at a laboratory angle y =70 providing a source of 

1'19 ± 0.06 HeV neutrons with a polarization of -0.37 ± 0.03. Short ,;, 

time interval measurements were repeated in the sequences T- , T^P-', 

T ( o ) ^ T ( a ) ^ T ( o ) f . : where T ( o ) f ' T(p) and T( a) B e n n the t r a n s r a i t t e d 

intensity of neutrons with the target polarization at random, parallel 
"-•J-

and antiparallel to that'ofcneutron; respectively. Each of the T^P' 
— I ,(< 
";;" Work supported in part by the Nishir.a Memorial Foundation. ' .,. 
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and T^a' values was divided by the average value T^°') of the two 

adjacent Tv°J values and the degree of target polarization. Thus 

T ( P ) / T^'FJ - T U ) / ?C°).px =•- 0.0084 i 0.0190 was obtained. If 

a ss is defied' by ( a - a )/2PI'Ps, a.ss = 0.98 ± 2.20b vas ob­

tained. The instrumental asymmetry was checked by performing another 

59 similar measurement, in which the • Co target was cooled to 4.2 K. 

T(p)/ j"(o) _ T(a)/ ^r(o) _ _ 0.0001 ± 0.0048 was obtained. In order 

to estimate the magnitude of the spin-spin interaction, the D.V.B.A. 

1),4) 
formalism was applied to a s, assuming -fff(r)l.S as the fo rn 

of the spin-spin interaction. The main optical potential parameter •' 

was chosen following Perey's systematics and f(r) was taken as the 

real part of the central potential, then the acceptable limits on the 

strength « are -6.5 MeV <«<2.5 MeV. But the result is still insuf-

ficient in statistics, so more precise measurements with larger sample 

are in progress. 

!,l 

<Tf: 
fLUrij. japtrtoa. tU|. 

Schawtic experiaental arraagoMUt 
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