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BEditor's Note

This”repogf_is prepared for presentation to the Eleventh Meeting
of -the Eufopean—Américﬁn’Nuélear Data Committee which is to ie held
Qn_ll—15 March; 1968 in Chalk River, Canada. ' The.editor asked
':forﬁy—eighf bhysicisfs to submit reperts on those research work which
peftéined to Nuciear Déta'in the sense used in the EANDC.

. . - o
The individual fepofts, which were submitted to the editor, are all
- included herein without selection;"They are not intended' to ke com-
plete ur:ﬁorméi; and mugf npt be qﬁoted in ﬁﬁblications Qithoututhe

v

i
pernission of the authors.
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I. Japan Atomic Energy Research Institute

A. Neutron Experiments - Reactor

I-a-1. Parameters of the 0.098 eV Neutron Resonance in Sm-1

Y. Ohno, T. Asami, K. Okamoto, and K. Ideno
Results from the crystal-spectrometer measurement (RAWDC(J)7, p.1,
1967) have been analysed and parameters of the 0.098-eV neutron reso--

0

nance in Sm-149 were obtained as followsﬁ

E
o

0.0989 * 0.0008 eV,

r, =59-51% 0.8 neV, and

r, = 1.71 £ 0.03 meV.
"The total cross séctions of Sm=149 measuréd below 0.04 eV show a small
deviation from the values calculated with the above'parametefs. The

2,200 m/sec‘value of the total cross section is 37,000'i 1,600 barns. @

- o, K o

I-A-2. The Thermal-Neutron Induced fn,g 2 Reactiong in Rare-

Earth Elements
K. Okamoto®

Measurements of (n,a;)‘:eaction induced by thermal neutrons were <«
carried out in a neutron flux (~ 1.5 X 10"n/sec.cu?) from the thermal

‘column of the JAERI JRR—Z reactor. . jf

The isotopicélly enriched rare earth oxide tg;get of thickness
- . . ;:'l .

abput_200~;300ﬂg/cm2 on aluminum”backing was plg@ed with a surface-

2



_are given in the following table;

\r

NOT FOR.PUBLICATION o -2 - EANDC (J) 8 "L"

/]

bérrier—alpha;detector in an evacugted chamber. The study of élpha
spect;a of the reaction was presented in the previous report; BEANDC
(3) 7 "L (1966). | .
The reaction cross-section for thermal-column neutrons was reduced

to the cross section at ,2200 m/sec”usiﬂg the thermal column: spectrum

which was measured with the JAERI velocity selector.

Théfﬁréiiﬁinary results of the reaction cross seetions at 2200 m/sec

I

Target Ea | . State of ' s (n, a)

.. ] . _ : . at 2200 m/seC'
uclei . { MeV ) . Daughter Kuclei. : (mb)
s, 9.2 0" ) . e
L . . &
8.8 - ot 6y, 20 * 10 -
' - 0
- . 8.2 4.+._: - fvl
14344 9.4 . o 13 o, " 1 5
N . 1 . R . Ce . .o
. <T.8 woe2 <1
i : : o
) i
C
o _ '
!;"‘ '\
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"I-A-3. Thermal Neutron Capture Gamma Rays of Al and Ti

Y. Kawarasaki and N. Shikazono
: T

The measurements of the neutron capture gamma rays have been

L3N

.continued (EANDC (J) Z "L“z p.4). The- spectra of Al and Ti have been
measured with an improved system.
Tﬁe main improvements are as follows: U

1. Enlargement of side crystals v 5ng x A",

- i
gy
73

2. Tran51utorlzutlon of all clcctrnnlc 01rcu1ts, \\
AN

3. Increase in the 410unt cf sample,
L. Adoption of a 1024 channel p.h.a. system.

Asmthe results we became able to get the better S/N ratlo and the

better cnergy resolution. Energles and intensities of neutron capture

gamma rays of Al are 1isted in”Table..l. Further studies, construction

. ) “.."I ) “ ‘ &

of level scheme of 28A1 and analysls of Ti data are in progress.
/\3\ v . (A v & ( )

° .D—‘ . . . . L‘I
= . L

N
{}

\J
-~~~
R
—

==

¢
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@;ak | Energy . Intensity . Remarks
Yo (KeV) (per 100 captures)
1 7722 o 24.4
2 7692 . 2.7
3 1534 0.47
4 7252 0.65'
.5 " 6930 . 0.47
6 6714 1.04
7 6616 0.34
8 6436 0.84
9 6306 . . 3.35
10 6178 0.61
11 6085 _ 3,13 Possibly doublet
12 6036 0.10 . partly Fe (n, 7)
15 . 5998 e 0.62 S
14 5896 072 - L ' e
15 5840 - " 0.24 e
16 . 5795 0.16
17 5760 - 0.10
¥ 18 5749 0.35
19« 5718 0.50
20 5582 0.90 % partly ¥ (n, r)
21 esa - 0.09 o
22 - 45442 0.20
23 5412 _ 1.57 L ,
24 . 5307 . 0.46 7 partly N (n, r )
5 5248 0.12 S
26 511 0.12" ;
-27 5141 . 2.29
28 . 5131 S 0.14
29 4924 . 0.26
30 . 4910 " .2.07 . . |
éi L l,/4824 ‘. “ 0.51- partly Fe (n, r)
32 fam . 7181 Y
33 o 4741 . 5.25
33 7 4702 . 3.70
354, . A6T2 w2415
36 ., 4635 0.36
37. - 4608 - 0.19
38 4590 0.26
390 4436 &, " 0.87 ‘ .
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Peak ' Energy Intensity ,
No. -KeV) (per 100 cépturgs) Remarks
40 4398 0.27
41 4280 0.66
42 4268 5.69 |
43 4224 0.19 . . partly Fe (n, 7)
44 4178 0.36 : : :
45 4138 5.22
46 4044 0.19
47 . 4014 0.84 .
48 3935 0.34 - Y
49 . 3900 - 0.44 ’
50 . 3874 2.21
51 3848, 1.88
52 3822 0.44
5% 3788 . 0.44 v
54~ - - 3704 0.29 ' partly N (n,T:)
55 3668 0.12 ' . '
56 3584 3.68
57 ' 3554 0.75 .
58 . 3445 5.0% o partly Fé (n,r )
59 - 3381 0.23 ' N
60 3291° ~0.66 ’
61 3261 0.26
62 . 3020 7.54
63 2951 - 7.05
64 .+ 2812+ . 2.24 |
65 v 2726 0.77 . ~ partly Fe (n, r)
66 2704 1.17 " i
67 2620 1.00
68 2584 '3.78
.69 . 2570 1.98
70 . 2449 1 0.59
7 " 2280 5.02
-T2 2146 2.24

73 7 216 3.29 .
o 4 L. 19% 1.98 - partly ¥ (n,r ) ©
' 3.69

75 ' 1858 -

o

« o~

W

Table 1. L__Ga.'lx'nma-"'r'.aly-_enlergi'es and:intensities of neutran.?

‘capture of aluminum.
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B. DNeutron Experiments—Linac ’

‘s

de £
iy

I-B-1. Neutron-Resonandé Parametersiof Cadmium and Antimqu_.
' A. Asami*, M. Okubo, Y. Nakajima, and T. Fuketa

A paper on this subject was submitted to the Second Lonference
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
" . P

Y - NN i .
were carried out with the neutron time~of-flight spectrometerl at the

JAERT Linac. Théﬁhetallic sampléé of differeﬁt thicknesses, from
0;0047 to 0.306 atoms/barn for C4d and from 0-0036”tp 0.185 afoms/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

) g

"transmission measuréments;with Samples ag liqﬁid-gitrogen feﬁﬁerature
were also made tolimprbve éepar;tion,of closely spacing resonénees.
New reso;ancés at relatively low enefgies.were found at 54.gi.§9.8
and 62.1 gV in Cd and at 37.9 and 55.2 eV in Sb. The fesonancé dipé

'in\ﬁhe transmission data have been analyzed by the'area-analysis"
® X " : -

._methodﬂbﬁﬁé& on, the Breit-Wigner single-level formula, The. neutron
widths énd the gamma—%idths will be presented.

o
I

*Present'address: Nuclear.Phys. Div., A.E.R.E., Harwell,
. Asami, 7. Fuketa, Y. Kawardsaki; Y. Nakejima, M: Okubo;
T .Sakuta, K. Takabgghi, and H. Takekthi, JAERI'1138'(1967).

24,
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-I-B—Z. Resonapces in

T. Fuketa and Y. Nakajima - -

18 &) ’

The use of bremsstrahlung radiatica to study“highly—excited

. 3y X .
individual nuclear states by means of the (7 ,n)-reaction has been

made by several investigatorsl’ 2) for a few special nuclides with

wide level spacings; and, tﬁe infé}ést and the iﬁportance of this

approach were emphasized by L. M. BollingerB)
i

Neutron Cross Section Technology in Washington, 1966.

&t the Conference on ©

The neufron spectra below ézfew hundreq keV froh the (7',h)r
. "
readtions with several sample elemehzs were ﬁea;ﬁrgd by using the
JAERI LinaclTime-of-Flight Neutron Spectfometer4) with the flight-
'path length. of 50 mqters,,_ihe whqle'system of the experiment As
ﬁ%&glly used fér the measurement .of neutron total cross Sectién by
the tranémissioh method ;ith theﬂexéeptién of the arrangement ’
argun& thé target ahd!%LQ;mple. Reséegtive-eggmples_oﬁxthe neutron
“"séectra from léaa?énd bismuth samples are shown in Figs. 1 and 2.
The_( T,n)—resonances were observed at the heut;on energiés of 41,
30, 10.5, 9.0, 7.3, 7.0 and 1.6 keV for lead; and at 23, 15.7, 14.3,
-10.1, 9;}, 8.?, 7.2, 7.05, 6.9{ gnd 1.7 keV for b%;mutﬁ.t:Majority
’«;of théseﬂresonances aré.assiéﬁed t6 be opeé leading t6 Fhé ground'

.n$tate of the daughter nucleus of the ( 7,n)-reacfion. f-”J,'_.‘lhe ana1y§i§

~ of .the data is now in Rfogress. "

{
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C. Neutron Experiments - Van de Graaff Accelerator

I-C-1. Neufron Total Cross Section Measurements of La and Pr

K. Nishimure, 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 [ “
20~240 keV, by using a thin Li-F target and & narrow neutron beam

collimator. The collimator is placed at thg;JQOO direction with re-
spect to incidént protoﬁ beam. The collimator is nade .of polyethylene
and located in a“senter of. a pdraffin—lead neutron shield.- Behind

the neutron éhield, twelve BF_, counters zre embedded in the'pgraffin

3

moderator and set in the ring geoﬁetry around a2 polyethlene scatterer.

¥

: ,Thq;miqimum ehe;gy step for:the mgaéurements of La is éboﬁt.O.B keV
_in the enefé} réngé of 100 keV and thehenergy_épread of neutrons is
apprdximatély x ;S keV. The reéultg-of theltofai cross section measure-
ment for:La show'that there are fluctuaiions oflabout 2-keV width,

oo ; N

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

of the croiiﬂgegyigqs are in good agreement witﬁ fhose of Duke Upi-
.versity; their neutron spread was about t 10 keV.

| Tofal cross s€ction for Pr has been measured with the neutron energy
..Spread of about * 3 keV and with the ﬁinimum enérgy stép of about 4.5 kéV:
The results of fhe total cross section meQ§urement show also the gross
"ét;ucture of about 35 keV width. This gross structurecis graduélly saoothgd
out as the neutrop energy increases. The values of cross section obtained”
are'nét'in good agreeﬁentlwith_those éf Wiséqnsin Uniyérsity especially ;h
lowér energy region, where their vélues”a;e generally highér than oﬁrs

. about 10~ 20%.

Further measurements and detailed analyses are in progress.
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I-C-2. 'Scéttering of 1.71 and 2.24 MeV Neutrons from Zinc and Copper

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

/,

i

u

W

Thg d;fferent?al cross sections for elastic and inelasfic scatteéing
of neutrons from zinc and copper have beecn measured a4t 1.71 and 2.24 MeVl
of incident neutrons over angles from 30° to 150O with a step of 10°.

The mea;ﬁrement was made by means of a timg—of—flight sPecﬁiometér, in
which fhe method of two diménsiénal Eecordingl) (time.spectruﬁ an@ }ulse
height speétrum) was employeq in order to improve the. resolution of the
~time spec£¥um and to decrease the background level. Neutron bursts were
genéfatéd with a 5.5-MV pulséﬁ beam Van de Graaff‘acéelerétor and an ion

2)

beam bunching systeﬁ.

B

The datd’ measured were corrected for flux attenuation, multiple scat-
\ 193 . i

tering in thé sample and source-saemple angular spreads using a computer

code-MULT1.3)

" As examples, fig. 1 and fig. 2 show the elastic scattering
dross sections fér'Zn and Cu, and the,inélastic cross sections for the

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

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

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

statistical—quel calculations.

. . . Y4 {) ' . . | - |
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) 4. Kohsaka and Y. Tomita,- to be published.
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I-C-3. Scattering of 4.5 to 8 MeV Neutrons-froﬁ_Sulphur and Zinc

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

-The differential cross sections for elastic and inelastic scgttering

1)

of npeutrons from éulphur and zinc have been measured™’ at 4.48, 5.92 6.97

ond 7.99 eV of_incident neutrons with a time—of—fligﬁt ;pegtrometer.

Scattercd neutrongﬂwcre observed at anéles'from 300 to i§o° with 2 10O step.
fi : .

Optical-poteﬁtial pé?ameters.were obtained from the comparison of the ’

2) and the elastic scattefﬁigidata. Fof sulphur

the_comparisoh was m;de aftér subtraction of the céﬁpound—elastic Ccross -

optical-model calculation

[
Yog=

- . : . PP o '
sections. The inelastic scattering cross sectionS™measured were compared

with the Hauser-Feshbach (H-F)?) and DWBA3) calculations, the latter being

applied to the -excitation to-some particular levels. The competition
between the difect and ¥he compound processes was studied guantitatively.

It was found that the direct process was prédominant for the "excitation to

64,66,682n in the whole energy region studied

iy

the lst lovels (2%) in 325 and
and for 5.01-MeV level (37) in -°S at the highest energy. o
As ékamples, fig. 1 and fig. 2 show the differential cross sections of

inéla;tic scattering leading to the lst (2*) and the 5.01 MeV states (3~)
325

in y respectively. Open circles denote the present data. Triangles
and squarcs are data of Petitt et a1.4) and of-present'authorsS) previously

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

squares fit of the DWBA calculatioglpluézthe H-F calculation to the exé

periﬁental data. The dotted_curves!represent the results of the H-F

palculationlmultiplied by a pargmeter k ﬁﬁich reprééenfs the rate of

dgcfeaée of the cdmpound.proéess; Some values of the dgformafi%n parame-
. :

ter were extracted from such a comparison.

The present study is to be published.

(4]
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I-C-4. Elastic and Inelastic Scattering of Fast Neutrons

7/
from Fe, Ni and W O

K. Tsukada,.S. Tanaka, Y. Tomita and M. Maruyema
N
."III .“
lefercntlal cross sections for elgstlc and inelastic scattering of

AT a0 O

eutrons by Fe, Nl and W have been meﬁsured with o tlﬂL—DI—fllght spectro-
\

meter. Anguler dlstrlbutlons were, taken at 1n01dent neutron energies of

‘J

1. 37, 1. 71, 2. Ol 2.65 and 3.26 MeV for Fe, 2.01, 2.65 2nd 3.26 MeV for Ni
and 1 37 and 2.01 HeV’ for W. . kxcitation functions were neasured atf90
. the energy range 1.37 to 4.49 leV for Fe, 2.0 to 4.49 leV for Ni and 0.964'
to 2.24 MeV for W with 2 200 keV step. The measured cross sections ere'z.
f-_oompareo with the opticai—model,_Haueer-Feshbach and Holdauer calculations.
The corrections of level+yidth fluctuation and resonance inte?ferenoe are
eppiiedmfor both of the,elast;o and inelastic scatterings. Best-fit sets
of tne potential parameters are obtained:

As ezamples, figs. l”and 2 ehow respectively the differential cross

-

sectlons of el&stlc and 1ne1astlc scetterlng lea d1ng to the first level of

56

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

Rl
st

vertical bars show their errors. The curves represent the reSu;fE’of the

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

. . te ] . : .
and the solid curves in fig. 2 are obtained using the overall-~fit sets of
the potential parameters witn'smooth“energi dependence of V and W which

‘were searched so as to reproduce the elastic data in 2 whole energy range.
. . {- =4

s~

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

_using the best—flt potentlal parameter sets The dotted ourves in the both

1)

figures correspond to those w1th the Hllmore-Hodgson potentlal The label_
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Q.= O or- 7y on the curves shows the calculation w1th the corrections of the

level width fluctuatlon and the resonance 1nterference, where Q is the

2)

parameter for the .resonance 1nterference correction defined by Moldauer.

“ ot 1.

The label H-F is for the calculation without the correctlons. Flgure 3

4]
')J

shows the ex01tat10n function of the inelastic scatterlng for the flret

; 6 - iy ’ :
level of 5 Te, *og ther with the total neutron cross section of Fe, The
S
is obtained{ by smoothing.the total cross sections complled

! N 1
in BNL 3253) he other curves Jn the same flgure are the results of the ..

curve "exp M

'caluulatlons with the overall fit sets of the optlcal—model-potentlal

",

3 parameters.
3 . . // . . .
The present study is to be published.

" Reference

1) D. Wilmore and P. E. Hodgson, Nuecl. Phys. 55 (19F4) 673.
2) - P. A. Holdauer, Phys. Rev. 135 (1964) B642 '

3) M. D Goldberg et al., BNL 325 (1966) 2nd ed. Suppl 2.

L
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I-C-5. High Resolutlon measurement of Gamma—Rays from
: 5

leutron Inelastlc Scatterlng

S. Kikuchi, Y. Yamanouti, M. Maruyama and:K. Wishimura

A large coaxial type Li-Ge detector associated with a-pulsed beam
time-of-flight technique has been used for the measurements ef'gamma—rays
.from neutron inelastic scattering. A block diagram of the instrurnentation
is shown in fig. 1. The vo;ume oflthe Li~Ge detector is about 17 cc and
the energy résolution is about 7 keV at 1 MeV a55001ated with a I'ET
preamplifier circuit. The fllght path is 6O cm from the scatterer to the B
detector and the time resolution ef about 9 nsec is ebtained for the
gamma-ray peak in_the time:spectrum. Thrs peak.isuseparated from the
.peaks which are due to the interactions of neutrons_with the detecter.
A typical time spectrum is'shown.;n fig. 2.

A pulsed proton beam is accelerated by the_JAERI 5.5 MV V.DtG. and
a tritium metal target is used to producefneutren bursts. The pulse widtﬂ

e _ . .
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 aurepetition rate
of 1 MHZ. The channel width of Epe 4096 multicnannel analyzer is 0.87

- ns/channel.‘ ﬁy setting the time window fer the gamma-ray peak in-the
time spectrum, the energy spectra of gamma-ra&s from neutron.inelastic
scatfering have been obtamned. A typical eniggx spectrum for natural
zinc is shown in tig 3. | . o

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

neutron 1nclastlc scattering are now in progress along ‘with this 1nstru-

- \
. mentation. : )
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I-C-6. Energy Dependence of the Nuclear Level Density -

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

1-3)

As the continuation of thé work " previously reported for Co, Cu,

As, Br, Nb, Ag, In, I, La, Ta and Au, the energy spectra of ﬂéutrons in-
elasticelly scattered from Sb, Cs, Ba,.Ce and ?f havé been measured in the
energy range 3,5-8.5 eV (évery 0.5 MeV step) of incident ncutrons by meens
of the .time-of-flight technique yith a Sfﬁv pulsed-beam Van de.Graaff
acqglerator and a béam—bunching system of Mob}ey type. The énergy de;

' pendence of the. level densitiesq’p(E) in fhe excitation energy 2 to 7.5 lieV
was ca;efully:derivgd from theaobserveq spectra. The-inverse compound -
nucleus formation cross‘sectionstrc(En,O) fo# several forms of the optical
model potential were used in the derivation.  ”

The xz-fitting.of twé typés of.the level density function fof.the
6bserved'1evel densities was trieq by using a digitai computer IBM—7044.in
order fo examine the functional forms of;yhé 1e§el densities for those
nuclei and also for the nuclei previously measured. As a result, the fun-
ctiqnﬁﬁffzexp 2(aE_)% of thelFermi—gas type is fitted very well to the
observed level densifigg-of Co, Cu, As,.Br, Ag; I, Ta and Au. On the other
hand, the constant—témperature type formula exp[E'/Tj is fitted exclusivél;
to tﬁbgg of Ba, Lg; Ce and Pr. For piobiuﬁ, the two functional forﬁs céﬁ

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

more compleghforms.u:Fig. 1 shows the energy dependence of the level densi- -

Gl 4,

ties o (E.) ofcIn, I and La, reépeétively of thé 0cmplex form; the Fermi-gas
forn, and of the conéﬁant-témperature form. Curves show thé_bgst fits of
l'f _zeip [é(aE )%] fc.)_r In and I and of'exptg /TJ -for I!._ar.ltha.num.- ) The results
 of the ahalygis.mentibned abové.aré summarized in Table I. _The.valﬁés of

nuclear temperature'T and the level-density parameter g« " obtadined by'using

N\
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the method ofl;east squares.are shown in the 5th and.the 6th columns of the
table, re;pect;vely; Spreads of the values of T or « for the same element
are due to different choicés-of the inverse compound formafibn cross sections
which cause no significant change in the fitting. The energy dependence of
the constant-temperature or the.complex type, ;s seeﬂ in the table, appears
near:th; proton or neutron-magic nuclei (E==50.or.N = 82). This phenomenon
seems to be due to the existence of shell effeét on the level density form.
In ofder to confirm this éxpectafion, further ﬁeasurements for Wi, 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) ¥. Tsukada, S. Tanaka, M. Maruyama and Y. Tomita, EANDC (J) 1 “L".
' (1965) 16 s
2) X. Tsukada, S. Tanaka, M. Maruyama and Y. Tomita, Nuclear Physics 78
(1966) 369 : L '
3) K. Tsukada, S. Tanaka, M. Maruyema and Y. Tomita, EANDC (J)"3 "Lt
.- (1966) 10 ,
Table I- Summary of the results
Element' Number of 'Functional ' T ' a _ ' x¢
' proton ' neutron . form MeV) (Mev'})
puggs CO 27 32 E 8xp[2(aB)*%] 12.3-13.9 0.96
: Cu 29 34,36 E_éxp[2(aF)=] 14.1-15.4 1.77
"As 33 42 E &xp[2(aE)%] 17.2-19.2 0.83
' NeSgs BT 35 44,46 E_&xp[2(aE)) 17.0-20.2 0.99
Nb 41 .52  Eéxp[2(aB)9] . (14.6-22.730.67
or_exp [E/T], (0.60-0.78) } 0.98
Ag 47 . 60,62 E éxp[2(aE)%] 19.3-23.7 0.71
p=sg+ 1IN 49 66 _complex . 1.44
7o S§b 51 70,72 complex - 1.79
I 53 74  Eéxp [2(aE)%] 22.2-24.8 0.87
Cs S5 78 complex’ 2,05 °
Ba 56 - 79,80,81,82 exp[E/T] = 0.52-0.58 1.08
‘Neg2a|l2 57 82 exp [E/T] . 0.64-0.73 . 0.88
"|Ce . S8 82,84  exp[E/T] 0.47-0.53. .0.58
\Pr 59 82  exp[E/T] & 0.45-0.51 1.00
Ta 73 108 'E 8xp [2(aB)k] 21.5-26.7 0.92
Au___79 118 ' E &xp [2(aE)%] 19.7-26.1 1.03
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I-C-7. Investigation of the 9BQ§EHe,n)1lc Reaction in the
Energy Range 3.5 to 10 MeV

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

The 9Be(3He,n)110 reaction has been studied by several inveétigators

1,3)  Inese authors revealed the direct

in the energy range up to 5.8 HeV.
interaction character of the reaction, especially at higher énergy region.

But the agreements of the exferimeﬁtal data with the résults of the DWBA -
calculations have not always begn.satisfactory. ¥We have extended the energy
region up to 10 Mevqgnd attempted to make the comparison of the experimental
angular distributions with the results of DWBA calculations based on the two ;
nucleon stripping.p;ocess.' The excitation functions aﬁd angulaf distri- -
butions of nguprons from the 9Be(aHe,n)nC__reaction leading to the ground
"and first excited states bf 11g have been measured in the bombarding energy
range froﬁ 3.5 to 10 MeV. Singly and doubl& charged helium ions from the

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

discriminated stilbene detector. . N

The behaviour of the excifation curves and oscillatory pattern’of
angular distributions indicate that a- direct interaction proqeés islgredomi- ‘
nant at the incident energies above 5 MeV. ‘The.contributions of the knock; |
oﬁ process are esfimated tolbe smal;.in the.higher.energy.regibn.. At lower
bombarding ehergies, the reaction process seems to ﬁe ﬁore complicated - -and
- the agreement with the results of the DWBA dalculations are rather poor.

A part of thig work has been presented as a con%ributed féper‘}n Nuclear
Structufe.donference at Tokyo (September, 1967). ‘A full pezper will belsub—

.mitted tu Nuclezr Physics sccr.

iy

* Present address: Research Reaqtor Institute, Kyoto University

Kumatori—cho, Sennan-gun, Osaka, JAPAN & :'
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b._ Others

I-D-1. Accurate Half-Life Measurements of Short-Lived Nuclides

with Aids of Chemical Separation

T. Ishimori, K. Kimura, K. Ueno, Y. Kobay&shi, ¥, Hoshi,
H. Saeki, R. Ono, T. Kon, M. Hagiya, and K. Awa

Thié no#e is the abs‘ract cof a repQrt presented at fhe &tn Japan
Conference on Radioisotopes, (1967);

Intro@qggggg Recent.developments in radiochemical separation make
it possible to:get Better knowledges_on,:adioactive disintéération.
processes. Especially rapid sepération techgiqueé are sometimes
indispensable for studying short-lived nuclides.

'In.the present study, entirely new or somewhat modified methods
were éstabliéhed for the purification of titanium‘%rom scandium, cal-
cium frém écandium, yttrium from zirconium,iniobium from zirconium,
rhodiﬁm from ruthefnium; barium from cesium énd protactinium from
thorium. By using these methods, short half-lives of titanium-45,
51, caicium—49, Yttfium—sgm,_niobiﬁm—97m, 97, rhodium-103m, 105, 106,
barium-13Tmn agd protactinium-234m were determined. The decay. curves
for sﬁnple tl& —~ B typé disintegrafion were analysed ¢n an IBM-7044
computer, using Rogers fRANTIC prégram in order to calculate values of
half-1life very accurétely. For (A ~.B—~C) type_disintegration é |

careful graphical method was applied to analyse.
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Bxperiment zRadioactivity measurements — Beta activity was measured
with a proportionallgas—flow counter while” - activity with a scintifi
lation counter. Fpr short-lived nuclides, a 400-channe1.mu1tisca1er
was also used. Gammé;ray spectra were read by a 256-channel pulse -
height ahalyser and 3" x 3" NaI(T1l) scintillation crystal covered with
plastic abégrber. Reagénts'-;— A1l chemical feagénts used were 6f
analytical grade, unless‘otherwise statedﬂ

Results Separation procedures.utilized and values of half-lives

", obtained are givén 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 tEE)present half-life values fall on the close vicinity of the
corréspoﬁding previous values and that they look.mgre accuraté with
smaller standard deviations ranged from 0.63 to 1.18%. -

The detail of the present note will be published in a JAERI report.
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Y

" I-D-2,  The Spontaneous Fission Uranium - 2%8

‘T, Ishimori, K. Ueno, K. Kimura, E. Akatsu, Y. Kobayashi,

J. Akatsu, R. Ono and M. Hoshi. v

The preééntdnote is the abstract of a paper published in Radio-
chimica Acta 7, 95 (1967)

A study of the spontansous fission mass Jistribution and the

) -half-life was carried out during the-triai ruﬁs of an experiméntal -
reprocessing plant of the JAERI. Yttrium, cerium and silver nuclides
were separated from tﬂé solution of thg fission-products fraction,
which coﬁ;s out of the first pulsed column. The resultant datg were
uséd for calculating the half-life, together with the data already )

reported by other authors. The half-life for the spoﬁianeous fiésion

238 '

“of i} was_fhus estimated to be (7.191 % 0.036) X 1015 years. The

143 143Ce

gammé-ray spectrum of the Ce separated, the decay curves of ~

141Ce, and 93Y, e 90

Y and “ Y, and mass distribution curve are shown.
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I-D-3. Phenon Spectrum of Light Water Ice
2/ :
o 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 zoﬁe. The force model we used
in our computation is 2 non-central force model by E. Forslind; in
which interacfions with the first nearest’"neighbors are taken into con-
sidération. ' s

_ We cons?der H20 éolecule as unit and that molecules with mass

of Ig are afranged at bositions of oxygen atoms. Each.ﬁolecule is
surrounded by four immediate neighbors in tetrahedrai arrangeﬁént.
In other words, we ngglect the internal dgg?ées of freedom of H20
molecule. The phoron spectrum, therefore, does not contain modes
correspondiné to'the molecﬁlar vibratioﬁé and rofationé.

The unit cell of ice contains“fouf_molecules. 'Phe-cell aimensions,

“as measured by Megaw, énd'corrected according to Owston and Lonsdale,

: aref7. - : .
- a = 4.5226 i
¢ = 7.3670 A
at °%¢. © & - o o,

I

Values of sev%n atomic force constants are defermined'from the
experimental values of the elastic constants of Voiét obtained by Jona

and Scherrer and are given in Table 1.
v ' : E)
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Table 1. Values of atomic force constants

@ = 379 dyne/cm 6 = 2830
B8 = 4445 € = 1616
r = 3600 G =2i"5219\,\
s = 2830 0

;_.'\‘\

The secular equation based on the Forslind model was soived for
1,050 points in the irreducible zone and 12,600 values of eigen—.
freduencies are sampled by the FREDAM-B2 codé_on the IBNM-7044. The
phonon spectrum obtained is given in Fig. 1. Dispersioh 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-
frequencies have twelve -branches in geneyal.'

'Usiﬁg our phonbﬁ spectrum, the calculation‘éf théﬁsc;tteriné law

o e

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

The Committee has continued activities mentioned in the previous
report, EANDC (J) 7 "LM,
Following reports represent main results of the programme coordinated .

by the Committee.

I-E-1. Neutron Total Cross Section of Carbon

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

.The broﬁlem.fof.éompiiatioﬁ-and“éfaiaafion'bf.éata relaféd to
nuclear encrgy standards was discussed in the EANDC subconmittee at

Washington, D.C. in tay 1965. The requeét for evaluation of those

cross sections such as H(n,n), 3He(n,p C(total), Ll(h,a ), loB(n}&),

ha(n, 7 )y Po(total), 22°U(n,£), *Pu(n,) ana 272

Cf(ov ) were proposed
at that time. Aaong these standard cross.sections,:Japanese group has
interest in the evaluation for total naut:on cross sections of carbon
and laad. 'The evaluation work for7aarbon has been started.this year’
as one of activities of the Japanese Nuclear Data Committee,

The numerical data of neutron total cross section of carboa werg.
"obtained from SCISRS through CCDN and plotted on graphlcal papers by
using a Calcomp plotter to make the evaluatlon work easier,

th

Recently, a retr1eva1 of carbon data of up-to—date has been sent

: from CCDN and is. used for conflrmlng that previous complled data of

{2\
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SCISRS have not missed any important new ﬁ&terial.

As requested from EANDC proposal,. the energy range of interest
fﬁr cafbon is from thermal to é MeV. There is no marked resonance
structure.in neutron total cross éection of carboﬂ ﬁp to 2 Mef: ex~-
ce;t for two resongnces of 130 which is contained 1.11% in natural
carbon. All compiled data obtained.inﬂicate fhat there_is threc
marked resonances in carbon between 2 and 4 MeV. In the present
stage, we understand that there are two differeﬁtwvalues of cross
segtions (4.95b and.4.71b) at thermal energy.

In‘fhé keV ~ lMeV region wé have 8 groups of measurements, each -
of which contains more than 100 data points. _Looking at all these
data wé find.%hét théif vaiue§1of éross secfion scatter'aﬁduf tjéu5%,'
~What kinds of weight .should be allotted tolthese data? How to . .
evaluate these experimental resui%s? These are magor problems to bé’
resolved. In order to deduce a recommended curve éf qarbon 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 abstruct preparad fer contributing paper to the 2nd

Conference on Neutron Cross Sections and Technology.)

~ Some of the existing cross-section data which arc usuall& adopted
as standards in fast neutfon experiments are reviewed. The cross-
section déta compiled for this ﬁurpose aré those for 27Al(n,a ),
5--6Fe(n, p), 63Cu(n, 2n) and 65Cu(n, 2n) reactions in the energy rangej;
from threshold to 20 MeV. The raw dafa points afe so nuch scgftefed
that recommendation of the cross-section value is difficult to make
within the accuracy of 10%. This is mainlyﬂdue to the ambiguity in
-determining the flux of neutrons =nd to the statistical fluctu%tions
in the number of counts.” In some cases,. the inaccuracy in the neutron
energy determination m;; lead ta‘serious discrepancy. Discussions
are bresented in concern with the activation method and with the
rejected data. MNost 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. Nakajima, and K. Okamoto

A papef on this subject was submitted to the Second Conference
on Neutron Cross Sections_and Technology, Washington, D.C., U.S.a.,
Hareh 4-7, 1968 with an abstract as follows:

A éomfuter programme to make é computer file of resonance data
(COHFORD)-was prepared. -In the COMFORD, the neutron resonance data,
that is, resonance énergies, spins, neutron widths, captu;e widths,
average level spaéings, strength functions, and so 6n are étored in
a magnetic tape in the order qf atomic number. Different blocks of
data for the same atomic number are stored in the order of publication =~
‘date and a contyrol number which.facilitates thé identification of a data
block. Symbols, which are eqﬁivalent to certéin comﬁénts, can be
attached ;o the individual numerical data in order tc give an idea
about the quality of the data, and these symbols may be used to clas-
sify the da%g 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 computér analyses %o investigate the stafistical property_of
the neutron reson;nces; and,.fhorough 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 HUFT-type data library preparéd in 1966 (EAKDC (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 experimentél results on the U0, fuel and light water

2
moderator system and the PuO2 fuel and light water moderator system.
In the case of UO2 and light water sysfem, the calculated values for
_age:qf watef”and_tpe fast neutron fission effects are smaller than those

238

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

diffusion length of H20 and the disédvantage factor are lafger.. Thus
it leads té a vélue.of:effectivelmulticative factor about 0.5% smaller
than thg meaSured_one;.though'the larger calculated values have been.
obtained froﬁ other data librarieg. Tﬁ; éélculations are now in pro;
gress for the case of Pu02-U0, and light water'systgm, and a tentative
estimation of the results seems to show that the accuracy of our data

. A o
library is quite satisfactory. This project of developing more reli-
' £r .

able data library will be coatinued with more accurate microscopic.

"nuclear data.

gPreparation of Data Library for Fission Product Nuclidés
A proj€et=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 dafa,-the fission yield, and the
half-life for about 450 nuclides of interest,.

2) Calculﬁtiohs of the isotopic concentration of nuclides in the
Yurn-up précess, taking Qccount of the absorption cross sections
and the life times.

3) Calculations of the resonance integral and reactor multi—group
constants | | @ |

4) Making up of pséudo-fiésion ﬁroducts thééugh classification (5
groups) of fission products in acgordance with their importance

'in reactor calculations,utogether-withuthe_caiculatidns_qfithe

reactor constants for each group.

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

nation of thermal neutron cross sections and resonance parameters with

fof}

the aid of BNL-325 mainly. Furthér, compilatisn énd“examinatién of
nuclear data needed for the calculations of (2)'and (3).was also.ﬁade
in this stage,ain-paraliel with the wide investigation of déta for the
16 nuclides of“much iﬁporfance.

;h the second step,othe focus was But on,théﬁkfeparation of a com-
puter program for caléulating the chagges of the concentfation of
fission product nuglides; actual calculétions were performed by use of
two group constants taking a thermal reactor into accounf. In %heh
thi?d step, -the main purpose was to prépare a‘computer'code in cén—

sideration of resonance paiameters; 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..m

\§ s

. éo.far obtained are about 95 nuclides which provide datz on 3
resonance parameters as well as about 160 nuclides which provide
thermal neutron cross sections. Nuclear data needed for reactor
caiculations are excessively lacking in quantity, and increase of
useful dataz are wanted. The fourth step (4) will be our future task
to Ee completed in connection with the fuel burn—ﬁp 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 variqus data compiled, cdmparisoh of the “
respectiv% datuh is néeded.as an imporfaﬂt procedure. ‘i computer
plotting code was developed in this éoncern fbf the purpose of making
grabhs for evalgated dataf.-The data library ENDF-A was-adopted as a
basic format of inpﬁt data. ..

Since the'aata provided in the CCDN are different in their form
in the file, from those- ir>the -ENDF-A, a processing code‘PROF GROUCH-M ,
also-develb%ed by.ourselves,is'hot appliéable to the CQDN datglfile. |

Thus a code for changing the CCDN format to that of ENDF was "developed.
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“ I1. Konan University

II-1. The (n,cz) Reaction on-l4N with 14.1-MeV Neutrons

K. Yuasa, N. Fujiwara, B. Saeki, and H. Ohte

For the cluster structure investigation in the light nucleur region,

)llB

the angular distributions of the alpha particles from the 14N(n,a
reaction with 14,1—MeV'neutrons have.been measured by means of the
counter telescope with two proportional counters filled with 5 cm-Hg

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

The distance between the neutron source with the flux of 108.

.neutfons per sec intd 4.n and the melanine target (1.62 mg/cm2) was -

13 cm, and th%F betwgen the target and the SSD was aiso 13 cm.
Th%?resulté are éhown in the following figufes, in which it is
considered that the angulaf distribution of alpﬁa particles from the
formation of the ground state of llﬁ is dominantly due to.thé 3He
pick—up.process and that'éf the first excited state of llB is the
mixture of the pick-up and the heavy particle strippipg processes.
The possibility of the alpha.clusters in the nﬁqleﬁS'guch as 12C and

14

6O is not seen in N.

I
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IiT, Kyoto University

Research Reactor Institute

103

III-1. Cross Section Measurement for the Rh(nln{)loimﬁh and

115In(n,h')ll5m

In Reactions*

» I. Ximura, K. Kobayashi and T. Shibata

Since the remarkable discrepancies_have existed in the cross

1 )103m 1)115m

“section data for the 103Rh(n,n Rh and 115In(n,n In reactions,

they have been carefully measured. lNMonoenergetic neutrons have been
produced with a 2 MeV_Van de Graaff accelerator**; A't?}p,Nal(Tl)

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

103m

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

m}o§mRh-source has been madé-frdm-the-ruthenium trichloride.irradiated

(7]

with thermal neutrons. In this case, the eledtrpdeposition technique

has been introduced. To measure the activity of 115In, a 3" x 3"
NgI(Tl) scintillator has been used. —_

The experimental resul%é of both reaction cross sections are
"z shown .in Fig. 1 and Fig. 2. From these data, the effcctive eross

3 A 3 - .
section ¢, and the cross section averaged over the fission spectrum

* To be publéshéd 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. .
A v

** This work was partly performed under the support by the-Natiohal-

University Program for the Joint Use of JAERI PFacilities.

i
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neutrons ¢ can'Ee calcﬁlated and are shown in Taple 1 and Table 2.

In order";z.qheck the obtained cross sections for both reactions,
rhodium foils and indium foils were irradiated at the several points
in the water beside fhe core of the Kyoto University Reactor, KUR,

of .
which is a 1000 KW tank type reactor with 90% enriched uranium fuels.
Fig. 3:éhows.£he induced activitiéé which have been compared with the
theoretical calculation where the neufrbn'spectra were calculated by

the NIOBE code by V. V. Verbin;ki e% al.l); From this, we may con-

clude that the present cross sections seem to be reasonable.

References

._m_l)._v._Vi_Verbinski:et_alt,“Ngcl.uSci._Epg.#gl_2§3 (}967)_
'2)" J. C. Roy et al., AECL-1994 (1964)
W = _' )
3) K. H. Beckurts and K. Wirtz, "Neutron Physics"

i

'Springer—Verlag{ Berlin (1964)
4) H. C. Hartin et al., Phys. Rev. 22.197 (1954)
5) I. Hecrtje et al., Physica 30 775 (1964)
6) B. Margolis, Phys. Rev. 93 204 (1954)
7) K. Fahrmann,_ZfK-RN 27 (1964) .
"8) W. L. Zijp, RCN-37_ (1965)
9) G._Berwanéer, Atomkernenergie 10 451 (1965)
*10) P. Déiattre, EANDC(E) 51 "L" (1564) “
T 11) A M. 3re$¢sti et al., Nucl. Sci. Eng. 29 7 (1967)

12) taken from the above reference (2)
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Table 1. 115In(n,n')llsmin Cross Section Data .
References fo‘(mb) o (mb) quf(M§V) Etﬂ(HeV)
Present Date 368 * 22 177, 10 1.65 -
) 4
Fihrmann | 360 170 1.5 -
Beoxurt . ‘
7i3p8) - 179 1.5 -
Berwangerg) 370 - l,766 -
Delattrelo) - - 1.5 ) -
Bresesti
- 155 £ 5 - -
et al.ll) >
e 1)
A
-Table 2. 1O?Rh(h.n')103mRh.Cross Section Data
_.References o, (mb) a (mb) . EeffFMeV) Eth(Mevz
Present Data 785 * 65 519 * 43 1.05 -
2) '
Roy et al.™ - 535.8 - 0.04
'ﬁhrmann'7> o - 1.1 -
Beckurts and i .
' O Ol 0.04
Wirtz 3) 1500 1095 9 -
71355 - 1093 0.6 -
Délattrelo> - - 0.8 -
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Cross Section Curve

EANDC (J) 8 ni»

Fig{ '®Rh(n,n')'*"Rh

Blej

Q

Cross Section (mb)

Q-

s
o
-

1 Present Result

)’"
|

F
{-H
>

Neut_ron ‘Energy (MeV

], —— Vogt afd Cross™
‘==--- Beckurtsiand,.
Wirtz @
—l R SN T |
T 2 3 4 5 6

).



NOT FOR PUBLICATION - 51 - EANDC (J) 8°"L" .

Fig.2 "*In (n,n') "*"In
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“Reaction Rate
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Iv. Kyushu University

Department- of Nuclear Engineering

Iv-1, (ne p) and (n, np) Reactions of Ca40

A. Katase, T. Akiyoshi® , M. Sonoda and M. Seki "

" Analyses of the (n, p) and (n, np) reactions of Ca49"induced by
14.1 HMeV neutrons have been éﬁmfleted. .A papef describing the details
of the results has beeﬁ.aécepted for pﬁblication.in Nuclear Physics.
The abstract'fOIIOﬁs:

"The constant-temperature formula for level density fits the energy
distribution for backward angles and yields' the nuélear temperatpre'of :
1.34 £ 0.04 eV for K4o. The aﬁgular distributions of the protons
: emitted through comfound process are néarly'SYmmetric around 90o for
the higher and lower energy'feggqgs. The spip cut-off parameter(}s
-estimated to be about 2.Q“froh tﬁe angular distribution of protons
1 emitted only by the (n, p)*iéaction; The cross sections-for the (n, p)
aﬁd (n, np) reactions through ‘compound proéess are 471 £ 21 mb and
180 % 32'mb; respectively.

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

* Present Address: Research Reactor Institute, Kyoto University
*% Present Address: Department of Applied Physics, Hiroshima

Uhiversity'ﬂ
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Iv-2. (n, p) Reaction of Zn

I. Pujita, K. Iwatani*J, M. Sonoda, A. Kafase,
M. Seki* and Y. Wakuta

64 and-Zn66

Further analyses on the data measuréd previously for Zn
have been neafly cpmpleted. The'angular distributions are symmetric
about 900. Fitting the quular distfibutions to Knox's formula, the
values pf 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 1
Tp (MeV) a (Mev™l) | ‘n,p** on,np**
z®*  1.06 £0.06 3.9%70.4 -188%13- 200t 31
2 1.35+0.05 2.5%0.3  53.5%2.5 37.0+ 75

IV-3. - (n, n') Reactions _ _
“ 1. Fujita, M. Sonoda, A. Katase, Y. Wakuta,

M. Hyakutake; K. Iwatani* and H. Tawara

Using a time-of—fiight method, continuous energy spectra were

measured for inelastically scattered neutrons from 12 natural targets;

* Present iddress: Departmenf of Applied Physics, Hiroshima University
** The cross-sections have been calculated, usinéﬁfﬁe corgtant

temperature formula.
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Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge and As. The energy. of incident!

neutrons was 14.1 MeV. The values of the nuclear tempefature and ?“, ;
level dénsity pafametef for the residual nuclei were derived using
three different assumptions about the values of o ; I)<sc calculated
with Perry-Buck potential, II) ¢¢ calculated with Bjorklund-Fernbach
potentiali, and III) &c assumed to be constaht. The results-;re s own
in Fig. 1. |

Thefvalues of level density parameter calculatéd with the as-
sumptiqnti and II are coincident with each 6thef within the eiperiqental
érrors.-ﬁThe values caléuiated ﬁith thé assumpfion III deviate for the
nuclei of lower ﬁass number: The same effect is found for the values of
nuclear temperature. The trend of the value of level density parametef
as a-funcfioﬁ of mass number is expreésed by Newton's formula:. |

_ kT‘(jp + 3, + 1),

~where the shell effect is taken iﬂ%o.account};
Hdwevef, the vélue of 'k determined by Lang ( k = 0.0748) is too small
to fit_the formula to thgyvalues of level dénsity.pafamefer derivéd

. f
L

experimentally.'_
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IV-4. (n, n') Reaction of S°2, Ca

A. Katase, M. Sonoda, Y. Wakuta, M. Hyakutake,

40 59

and Co

- H. Tawara and I. Fujita

40 59

and Co”” have been completed.

40

and Ca show the exceptional feature

Further experiments on 832, Ca
In contrast to othér nuclei, 532
in fhe (n, p) reaction that the lower enefgy protons are anisotropic’
though the ratio ¢ (n, np)/¢;(n, p) is small. This féct is notwcon-
sistent with Bé&ansky's suggestion that the lower energy profdhs due
to the (n, p) reaction are isbtropic and those due fo the (n, np)
recaction are anisotropic.

The present experiment was undertaken to investigate whethef '
this effect is also found in the (n, n') reaction. The measurement

on 0059

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. Katése, K. Sonode, I. Fujita, . Hyakuteke,
K. Iwvatani and M. Seki*. '
.

4]

The previous gxperiments, carri;h out for U aqd Th nuclei in the
v -ray energy region of 200-750 MeV, were extended to higher energies
up to 1.1 GeV.

- The results ob?ained in'theTprevious experinents, that a resonance

corrgspcnding to the (3-3) resoﬁanc; in # -meson production appeared
in the fission excitation function and thaf the angular distribution
of fission fragpent changes appreciably at the resonance, have beeﬁ
reconfirmed.‘ Furtherrnore, a ﬁ;ﬁ resonance was found at the y -ray .
energy of apout.770 MeV, which corresponds to the second resomance in
x -mescn p;odﬁcticn. Analysis §f the data is still-underway.

The"fission cross sections were measured fer the nuclei of lower

nass 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 cf. Applied Physics,

Hiroshima University
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IV-6. Analysis of Ternary Fission

Lkira Katasg

Trajectory calculation was-hade for gach component of ternary
. ]

fission, using three—point-charge assumpgion.and two-dimension approxi-
mation. From many systématic computations, some rélations were deduced
bstween the initial values of the parameters describing the scission
state and.the final values of the parameters measured experincntally.
For examplé,'if_DA and bF denote the distanc; cf the initial emission
-point'of the third light particle from the light fragment and the
distapce between two fission fragments respectively, the final kinetic
energy EA of the thirdopartic}F is approximatély given by a quadratic

. . i
equation of x ( = DA/DF )

. . 2 ’
E, = A (x -x5)° + C,

where A, C and x, are the constants which depend on the paramcfefs

&
X

other than x describing the scission state. :TQese relations have

been useful‘%o derive the values of the initial parameters from those
. 73 '
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

particle fission of Cfd52 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 thc analysis of ternary

fiséion of U235 induced-b& thermal neutrons.

st



NOT FOR PUBLICATION - 60 - EANDC (J) 8 "L"

V. Osaka University

v

V-1. Inelsstic Scattering of Thermal Neutrons

by Rotating Molecules™

T, Sekiya: K. Sukamoté, C. Nishida and Y. Watery

In the calculation of scattering laws of thermal and cold neutrqn§f7:
for various moderator molecules the translational and rotational de-
" grees of freedom ﬁlay_an important role. About translational motion
fhere are many authors who tried to tqke into account the qffect of
diffusion motion of molecules in-iiquid. .ABout rotationgl motion,

1) 2)

however, we find a very few theoretical treatments espécially

in the case of asymmetric molecules. In such molecules{%here are

usually the other rotétional effect sgsh as intra~ and inter-molecular

rotations. Thus we are now studying the problems along.two 1ines;
“The first is to treat the problem as exactly as possible about simple
rigid model and to find a general féature of scatte;ing law for free
rotation of molecules. The second is to make concrete ﬁodels.of
molecules #bout intra- and inter-rotational structures, Lastnyear we
succeeded in determining the potential barrier height of'intra;molééﬁlar

3)

rofatién of organic moderator molecule —— biphenyl. This year our
efforts”are concentrqfed to determine the intermoleculer rotation-
barrier-heights for solid phenyl molecules by using NMR 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 ﬁuclear-Engineering, Faculty of Engineering

ES ”n
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(1)

(2)

The Calculation of_Scattering Law of Asymmetric Top Moleéules.
(ASTOM code): The calculation method of scéttering lg%}dGYElOPEd

by Volkin for rigid molecules having a specified angular momentum
3-is generalized to average ovér statisticéi distribution about J.
A SUBROUTINE is also added to calculate the coefficieﬁts of ex-
pansioﬂ of asymmetric top wave functions in the series of symmetric
top wave functions. The results show a possibility that there are
singularities in S(cz,ﬁ) curves originated from tﬁe limits of augu-

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

'“fhe“éiperimental rééﬁits.bftained by diééér about.water Jépor. ”To

ascertain this feature the code is now being improved to ipciude
the. translational effects. We also find a general principig to
add higher quantum corrections by using the following relation for

non-commutative variables X, Y:

G1(X, Y..) + 62(!}” Ga(X, ¥).+ ..un,y

3'(X)
1!

6 (X, Y)Y - X, ¢, (x, Y)

p '(xm -5 (X) +

Gﬁ+l(x’ x)

G (%X, Y) = 1.

'In our problem

+C

X 5 M ,

€+ +

Y A+ 3B,

where A, B, C,&¢ , « are defined in Volkin's paper and -t is Fourier

inverse space -variable of t of translational matriz elemént.

The rotational barrier heights of inter-molecular rotations of a

benéenelmolecule are -determined by the NMR data4)'of spin-lattice

relaxation time T, and the rdtational f;equencies are calculated .
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by then. The results agree with the Raman spectra measured by

FruhlingS) within the 1i@Eit of experimental errors and suggest

that the low frequency peaks in neutron scattering data obtained
by-GIEser,s) Zemlyanoy7), Rosss) and Tarinég) correspond to the
inter-molecular rotations.

In the table our reséltSRevaluated from molecular theory and
Andrew's data are compared with Raman spectra in solid éénzene

and with neutron scattering data in liquid benzene.

Table Level spacings of hexad axis
rotation (in 10~2eV)

Solid g  Liquid (293°K)
Our results " |Neutron scattering data
Raman spectra
from molecular |from Andrew's | by Fruhling by by by

theory(2709K) |data(90~270%)| (273 + 2 °K) Zemlyanov | Gldser | Ross

7.6 8.2£0.2 | 8.5%0.5 7.6 | =10 | 7.5

3

= .
YWe also calculatéd the level spacing of diffusion in liquid benzene

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

spin echo method.lo)

The value is the same order as the pezk et

1.8 mev in Zemlyanov's data. So. this p%gg”supposedly originates.
fron molecular diffusion. . We élgo find alcorrespondence'betweén'
Lo * these péaks and Tarina}s neutron scattering data in ligquid and

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

S. Sunzkawa¥*, S. Yamasaki*, and T. Nishigori**

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

progress repott.(EANDC (J) 7 df"), has been published in Prog. Theor.
Q. : .

Phys. 37 (1967), 1051.

%

*%

Department of Physics, College of General: Education.
) ' ' ' .

Department of Nuclear Engineering, Faculty oﬁ;Engineefing.
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V—3. Theory of lultiple Scattering of Slow Neutron

T. Nishigori*, S. Yamasaki**, and S. Sunakawaf#*” it

The cross section formula for the multiple scatterilg’of’Slow
. : s
neutron reported in the previous progress report, EANDC (J) 7 "L"l),

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

scattering operator T can be rearranged in the form

T = T + 3 ST GTa+S S X T.GTpG T+ -, (1)
5 « aﬂéa“ BTq pSa /Sp A7 T
vhere . .
T, = Vo +VyGVpy + Vi GV GV oeeeeee : , (2)

The scattering 0peratof T, describes the scattering of a neutron by a
single atom ¢« in the target system, and G refers to the propzgator of
the neutfon. In the evaluation:pf the 'matrix element of (1), two approxi-
mations are used. The first is that the propagator G in the éipgle
scattering operator.(2) is approximated by that of the free neutron,
although- ¢ in (lj is retained as it is. This approximation is based.
on the assumption that the single_scattering by an atom is affeqted
little_by the presence of other atoms aﬁd that the many-particleléffect
.is .important for the intermediate stages of a neutron among successive |
single scatﬁe;ings by different atoms. In the previousi%9rmulatioq;),
the propagator in (1) was also replac?d by the free one,_wpich led to
'the violétion of the condition of detailed balance. On tﬁg other hand,
the improvement of this approximation éorresponds‘to the incluéion of
the correct recoil effect to the intermediate neutfoh, and to the satis-

faction of the requirement.of detailed balance.,

7w

* Department of Nuclear Engiﬁéefing, Faculty of Engineering.“

*% Department of Physics, College of General Education.
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The second approximat:’i:on is for the treatment of the off-'energy-shell
matrix eleménts like <kd-’.’[/:/t(£;)”1¢> , where the scatferi_ng operator T(&)
is produced by extracting out the variables of target atoms from the
single scattering opez:ator. For the slow neutrons it is permitted %o
_ap'proximat.e this matrix element by a scattering length , . A

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

expression for the scattering cross section;

"
"%"?jg'—f )_ Z a* k’c I f dt e‘(ff /% j dt-o. dbr dt ---dt,
.'ll

XJafffédx-“--dxédxndx,;--dxne""f(‘;‘”")e-i"f“‘;"‘_’.‘") | ' (3) .

X K (- Koy = b K00, O K 26,0 £.) K e =X s~ )
XG(li,t;;m;—.,tm-.;---;x:,a]'x,,t;x,,{+t,;...;xn_;t”n),

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

G(L&,t;;x&-i,t;-.;~--;ﬁ,g[p',t;x,,t+t, ’ "'5,1.:n_;‘t+tn) I

=Z- é, "z <<$(xn rw(tm»s (xk- = Tultns) - § ()= Ty () (4)

X S'(Jco’—l;}(O)).g(jco-n(t))S(x,_ T (t+t) - S(xﬂ‘n(t+tn))>, : G

_ . *) .
and ‘the propagation functions K; (T,t) are given by

o

KOt = (2 )oK (r ), )
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and

27ch ptlE~ &)t/ % ikr
K (T‘ t)= j(.?JC)s € .

The functions #(t) in (5) are defined by

L I $30, 0 frt>o,
. .(t)=
0, (t) O in <0 and : e-eltl/t 4o 1<0.
acV ) )

7

t : : '
The time-dependence of KE)(T3t) is caused by the recoil effect of the
target atom to the neutron.. |

The leadlng term (n—ln 0) in (3) is the contrlbutlon from the single
¥

N,

scautbrlng and coincides ‘'with the VaﬁTHove formula. The higher terms are
that from the multiple scattering. The expression (3) satisfies the

condition of detailed balance

e Ei/kT dali->f) _ g, o~ 55/ kT do({—>i)
A T T 4 .
d&)fti&f N dil;d&i
A well-defined classical approximdtion for the multiple scattering
pProcess is also studied along the line of reqséning of our preceding
report in this article.

The defail'of the present note'will be“published;in Prog. Theor.

Pl
e

Phys. 39 (1968). ' : : : -

"Reference 1) S. Sunakawa, Y. Fukul, and T. lehlgorl, Prog.

Theor. Phys. 35 (1966) 228.
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VI. Radiation Centsr of Osaka Prefecture

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

J. Furuta, M. Fujishiro and T. Asuma

The effic;ency of the neutron detection of the stilbené scintil-
lator has been investigat?d. The efficiency was calculated first
taking only the sing}s scattéring into account, and second theigffect
of the doublé scattering process, in which an incident neutron collided
with carbon nucleus and then witﬁ hydrogen in the scintilletor. Ex-
lpefimental check on.thé'efficiency for 3.6- and_l4.i—HeV neutégns vag

_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-NeV
] .

/Il

;&ﬁé#trons and the scintillator thicker than 1.0 cﬁ, the discrepancy
between the measured efficiency and the calculated one based on the
single scattéring assumptioﬁ was apparent. For 14.1—MeV neut;ons,
however, thé'above discrepancy was within an eiperimental error of
6% even with the thickest scintillator. These results were.in agree¥
ment with the expectation, derived from the calculation, that.for
‘'scintillators of ﬁsual thickgess, the double scattering effect is
negligible agaihst_neutfons of egérgy abﬁve iO MeV, but it can no

idnger be negligible for neutrons of energy below a few MeV.

i 5
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VII. " Rikkyo (St. Paul's) University

Department of Physics
i . : b

VII-1. Mcasurements of the Cross Sections of the D(n,n)d and

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

S. Shirato and N. Koori

Recoil deuterons énd breakup protons from deuterons bombarded with
14.1 FeV neutﬁonslhave been measured with a counter-tclescope consisting
of tandem proportional counteras folloﬁed by a.lithium-drifted silicon
defector* . Deuteratéd'paraffin of 8.3 mg/cm2 thick and deuterated
polyethylene of 5.1'mg/cm2 thick were used in this experiment. o

The differential cross section of the n-d elastic scattering in.thg
laboratory system has been detérmined to be 488 % 25 mb/stegﬁd at the
angle betwegn'thé felescope axis and.thgfincident neutron a;;s v, of
OO_(i.o., the mean angle § of 3.90 + 2.00). The result of the measuréd
angular distribution of fhe recoil deuterons was analyzed, as shown in
Fig. 1 wﬁére the oﬁher experimental data as well as thce theoretical A
curves of Christian-Gammel and Aaron-Amado-Yam were given for comparison.

The result of thé encrgy spectrum of the breakup protons measured

“at ¢, of, 0° has preéented a pronounced n-n enhancement peak at the high

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

meeasured spcetrum (the absolute differential cross section), with which

the smeﬁred theoretical results of Watson and Aaron—Aﬁadq were compared.

# 5. shiratc and N. Koori: Nucl. Insir. Meth. (1967, in pfeas).

o
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.The present result was not inconsistent with the experimental data of
Ilakovac et al. and Voitovetskii et al. It is noted that the experi-
mental value of the differential cross secfion 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 thec cross
sections not only for the breakup reaction but also for the elastic -

scattering.
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VIII. Tohoku University

VIII-1. Energy Spectra of Photoneutrons from A127, 5128, P3l,

Ta181 209

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

7;.3128, P3l, Ta181 and B1209 were measured with the JAERI 20-lieV

a1c
electron linear accelerator and the nanosecond time-of-flight system.
‘The neutron energy resolution of 40 KeV at 2 MeV and of 500 KeV at

10 MeV were obtained.

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

gt

LI

the Journal of Physical Society of Japan.

* Japan Afomic Energy Research Institute, Tokai.

-*%*  Saitama University, Urawa, Japan



NOT FOR PUBLICATION . - 72 - EAKDC (J) 8 "L"

IX. Tokyo Institute of Technology

Research Labordtory of Nuclear Recactor

IX-1. 12C(n, e« )?Be Reaction Induced by l4-leV Heutrons

H. Kitazawa, Y. Kanda and N. Yamamuro

5‘—. s
be has

The }EC(n,(r)gBe reaction lcading to the g;ound state of
‘ been investigated by bombarding a thin golyethylene film with 14-MeV
neutrons. The alpha-particles from the target were detected with a
CsI(T1) scintillation counter. The particle identification was made
by . the pulse-shape discrimination method. .Thc angular distribution of
the emitted alpha-particles exhibited a feature of direct process,
‘having two peaks at 30° and 180° in the center of mass system.. The

1)

former was analyzed in terms of knock-on process

2)

. terms of the heavy-particle sf}ipping process. The 4hwoscillation

and the other in

3s state in the 8Be_(ground state)—zx-cluster representation, assigned

by WilderﬁuthB), was adoptea for the ground state of 12C. The reduced

width of the alpha-particle (o, 6 s )2 was determined for the ground
state of 120. The total cross section for the 12C(n,¢z)9Be reaction

leading to the ground state of . 9Be was about 74 mb.

r

Refgrences:
1) T. Honda, Genshikaku Kenkyu, 10 (1965) 114
»2) T. Honda and H..Ui, Prog. Theor. Phyé. 22 (1961) 613

3) K. Wildermuth and Th. Kannellopoulos,.Nucl. Phys. 7 (1961) 150
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X. University of Tckyo

Institute for Solid State Physics

%-1. Polarization of Neutrons from the C-2(d

,nn)Nl3 Reaction

below 1.8 MeV Deuterons Energies

K. Xatori, A. Uchida, M. Imaizumi and S. Kobayashi
: A

The Clz(d,no)N13 reaction has Q@ = -0.281 MeV and so is expected
to show strong direct interaction effect even at low energies of the
bombarq;ng deuterong. As an extension of Meier et al.'s resultsl) to
the lower bombarding energy, the polérizgtién of neutrons from the
reaction has been measured at three deuteron energies bectween 1.5 agd
1.8:MeV. leasurements were performed by using a liquid helium time-

2)

of-flight neutron polarimeter™’ with a spiﬂ precession solenoid. - An

attempt has been made to fit both the differential cross section and
thé polarization by using the same optical parameters i; DWBA calcu-
;ations. In this energy range the differential éross-section for the
_ féactidn_changes.répidly.with the bombarding energies. By means of
the same analysis that was applied to the 4.02 MeV resonance by
Fulbrighf et al.3), the direct interaction mode’w#é.eitracted from
léast—square fitfing of the excitatiqp functioﬁ q?asured by El;yn

et a1.4)

The exfracted direct component of the cross section at Eg
= 1.62 MeV is compared with the results of DWBA calculation. Since
carbon is & light nucleus, a potential of Woods-Saxon form is assumed.

‘Five typical sets of parameters are shown in the figure{and are tabu-
. & A\

. lated ﬁelow. The differential cross secfions are normalized to the
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experimental vélug at the maximum; All sets of papémeter give rise

fo the valley at uC.M.::ZOO. This disagreement suggests that the
angular distfibutioﬁ of neutron polarization may be strongly affected
by compouna nuclear process. The polarig;tion at the forw;rd angle
~may be to some extent decreased by applying the same analysis done for

the cross section.

References:

1) M. H. Neier et al.: P. R. 150 (1966) 821

2). K. Katori et al.: Tech..Rep. of ISSB (1967)
3) H. V. Fulbright et al.: N. P. A94 (1967) 214
4) A. Elwyn et al.: P.R. 116 (1959) 1490

5) L. Rosen: Ann. of Phys. 34 (1965) 96
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SR FITTY

»
Arbitrary Usits

e

SO N
o, Ya Yy Vg Yy VW Ve
(Mev) (MeV) (heV) (MeV) (MeV) (MeV)
1 122 14 0  43.0 5.75 5.5
2 122 14 O 43.5 9.6 T.2
3 122 14 O  43.5 9.6, O
4 122 14 0 50.0 9.6 7.2
5 6  43.5. 9.6 7.2,

122 14
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X-2. The Spin-Spin Interaction of 1.19 eV Polarized Neutrons with

Polarized 5900 Wuclei*

S. Kobayashi, K. Nagamine, F. Imzizumi, 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

1)-3)

,polar?%ed 65ho quclel such an interaction has been sought. In

the present experiment a high degree of nuclear polarization of 5900
(fI:'O.BO) was attained by ﬁs;ng a polycrjstalline netal of the 006.90
_FGO.lo alloy (1.5 cm diameter and 0.15 cm thickness) at a temperatufe
of 0.03°K and an external magnetic field of 21<6;. The chrome alum
heat sink cf éOOg;r was adiabatically demagnetlzed, and 1 irge thermal
contect area (2000 cm2) between the salt and the torget sample was

0 iy
establishedlusing silver wires. It took 2 or 3 hours for the whole
,fsystcm to be warmed up to O.OSOK. The degree of polarization was
'eetimetcd using the hfs coupliﬁg constant and the temperature of the
sample obtelned from both r —ray enlsotropy from 6000 embedded in the
torget and nagnctlc suscentlblllty of the hest sink. The 12C(d,no)

reuction was used at a leborutory anglc /] 70 prov1d1ng a source ‘of

1.19° £ 0.06 ileV neutrons with a polurlzatlon of -0.37 % 0.03. Short “

time intervel meﬂsurements were repeatcd in the sequcnces T ”()), T(P),

”(O) T( ) T(O) """ where T( ) , '8P ng o(a) mean the transmitted
&

9]
1nten51ty 1 neutrons w1th the targct polarization &t random, parallel

ang'antibarallel to that'of“neutfon; respectively. Each of the T(P)
K :

i o
Work szupported in part by thes Nishira :emorial Foundation.
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and T(a) values was.divided by the average value T(O) of the two
adjﬁﬁgnt T(O) values anq the degree of target polorizetion. Thus
(p)/ m(0).p; _2(a)/ T(o).p. =~ 0.0084 % 0.0190 was obtained. If
oéé is defiﬁﬁélby (UTT - 7N’)/2PI'PS’ 0.5 = 0.98 * 2.20b was ob-
tained. The instrumental as&mmetry was checked éy performning enother

59

similar ﬁeasurement, in which the Co target was cooled to 4.2 X.
'T(P)/ wlo) _ T(a)/ T(0) = - 0.0001 * 0.0048 was obtained. In order
to estimate the magnitude of the spin-spin interaction, the D.W.B.A.

1),4)

formalism was applied'to 0 4 @Ssuming - af(r)I.5 as the form

_ of the spin-spin interaction. The maiﬁ oﬁtiqal éotcntial parameter o
was chosen following Perey's ;ystematips and f(r) wes taken as the
real part of the central poéential, then the acceptable limits on the
striangth & 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.




NOT FOR_PUBLICATION - 78 - ~ EANDG (J) B nLn

References

1) S. Kobayashi et al.: J. Phys..Soc. Japan 22 (1967) 368.
2) R. Wagner et al.: Phys. Rev. 139 (19_65) B29

3) T. R. Fisher et-;l.; Phys. Rev. Letters 17 (1966) 36"

4' X. T. R. Davies and G. R. Satchler: - Nuclear Phys. 53 (1964) 1



