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Low Energy Neutron Scattering Cross-section of‘Li
A. Asami and M. C. Foxon¥* |
A full paper on this work, which was outlined in the
previous report (EANDC (J) 1%L P.10 ), is to be presented
at the IAEBA Conference on Nuclear Data for Reactors to be

held at Helsinki in June 1970. (paper number CK-26/25)
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Neutron Resonance of 23Co at 132 eV

Y. Nakajima, 4. Ohkubo, A. Asami, and T. Fuketa

A full paper on this subject was published in the Journal
of Nuclear Science and Technology 7 (1970) 7 - 12 with an
abstract as follows:

Neutron transmission measurements on °9Co have beén made
for neutron energies from 0.8 eV to 3 keV using the time-of-
flight spectrometer of a linear accelerator at the Japan Atomic
Energy Research Institute. The maximum tinme resolution was 10
nsec/m. Resonance parameters of the 1%2-eV resonance of 59¢o
were determined from the neutron transmissions of several
samples of different thicxknesses by the thick-thin method,
using an area analysis method based on the Breit-Wigner single-
level formula.

. The following resulis were obtained, £, = 132.0%0.5 eV,
M= 6.0£0.2 eV, [;=5.1510.06 eV and J = 4. The value of the
potential scettering radius, obtained from the transmission of

the thickest sample, was R’= 5.3%0.5 fu.



208Pb(y,n) Reaction near Threshold

Y. Nakajima, R. Bergére*, M. Mizumoto, and T. Fuketa

The following is an epitome of the paper presented at 1970 Spring

Sectional Meeting of the Physical Society of Japan.

208Pb(Y,n) reaction have been measured

1)

Photoneutron spectra of the

with the time-of-flight spectrometer

at the JAERI accelerator. The

experimental conditions are the following:

Electron energy: 10,5 MeV, Electron pulse width: 150 ns,

Channel widt 62.5 ns, Flight path length: 50 m,

Detector: Li glass scientillator.

The spectra were measured at 85° and 130° to the direction of photon.

First, the photonecutron spectra of 208Pb(m;n):reaction had been

measured by Bertozzi et al.z) up to 2 MeV neutron energy. Then, they

have been recently greatly improved up to 350 'kéV neutron energy by Bowman

3 . . . .
et al. ). As is scen in the Table, our data are n good agreement with
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these data. Multipole assignments of theé
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data of Saclay and preliminary results and

discussion are presented.

References:
1) A, Asami et al: JAERI 1138 (1967)
2) W. Bertozzi et al.: Phys. Letters, 6, 08 (1963)

3) C. D. Bowman et al.: Phys. Rev. Letters, B 796 (1969)

4) R. Bergere: Private communication.



An Arca-Analysis Program for Neutron Resonances based on the

Atta-Harvey Code

A. Tachibana*, T. Iwaki**, E. Kimura, A. Asami,'Y. Nakajima,

.and T. Fuketa

A report on this subject was published in JAERI-memo 3728 (1968) with
an abstract as follows:'

Modification of the Atta-Harvey Area-Analysis Code was made with
regafd to the calculation of the neutron width consistent with the total
width and to the evaluation of the error of computed value of neutron width
in addition to the minor change of the program. Instruction for the use

of the program and the program list are given.

* ‘The Japan Atomic Power Company.

** Mitsubishi Atomic Power Industries, Inc.
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Fast Neutron Scattering from Al, Si, S and Zn

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

'"”aﬂgbf}férehfial Cross §ections for elastic and inelastic neutron scatter-
inéihéve been measured for natural samples of Al, Si, S and Zn at incident
energies from 4.5 to 8 MeV in about 1-MeV steps. Scattered neutrons were
observed at angles from 30° to 150° in 10° steps with a Mobley bunching
system of the JAERI 5.5 ﬁv Van de Graaff accelerator aad a time-of-flight
spectrometer. The absolute differential cross-section scale was fixed with
reference to the n-p scattering cross section. The data were corrected for
flux attenuation, multiple scattering in the samples and source-to-sample
angular distributions for the first 2% states of 325 and Zn even-even
isotopes show forward pecaks.

The differential cross sections werc analysed by using the optical
model, the Hauser-Feshbach theory and {he DWBA method. The optical-potential
parameters were chosen by fitting the sum of the shape-elastic and compound-
clastic scattering cross sections to the observed data. Actually, two
kinds of parameters were searched; (1) a best-fit parameter set at each :
incident energy for every sample and (2) an "overall-fit" parameter set
with smooth energy dependence of V and W. 1In general the Hauser-Feshbach
calculation using the former parameter sets gives a good agreement'with the
observed inelastic data for several low-lying levels of27A1 and 2881 but
agreement with the inelastic data for 325 is rather poor. The DWBA cal-
culation using standard déformation parameters reproduces fairly good
angular-distribution patterns for the first 2" and the sixth 3~ levels in
%28, and for the first 2* levels in even-even isotopes of Zn, but results

in values larger than the obscrved cross scctions. Using the "overall-fit"

set, calculations based on the Moldauer theory and the coupled-channel

O\



theory are under progress for 27A1, 285i and 325.

A full paper will be published in the proceedings of the IAEA Inter-

national Conference on Nuclear Data for Reactors (Helsinki, 1970). The

number assigned to this paper is CN-26/31.



Width Fluctuation and Resonance Interference Effects in Neutron

Scattering Cross Sections of Aluminum, Copper and Zinc

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

Neutron'scattering cross sections of aluminum, copper and zinc have
been analyzed‘in the enefgy region of 1 to 8 MeV by means of the optical
and statiétical models, the width fluctuation effect and the resonance
interference effect being taken into account. Data of the cross sections
used in the analysis include those at 4,81, 5.96, 7203 and 8.03 MeV for
aluminum, at 1.71 and 2.24 MeV for copper and at L71, 2.24, 4,48, 5.92,
6.97 and 7.99 MeV for zinc which were mecasured in our laboratory, and data
available in BNL-400 and CCDN. Best fit sets of optical-model parameters
are searched for the angular distributions of .elastic scatteriﬁg, the in-
elastic scattering cross scctions and the total cross sections at each
encrgy. By using a compﬁtc code "STAX2'", calculations on the basis of
Hauscr-Feshbach's formulétipn and Moldauer's formulation are performed.

In the latter formulation, the calculations .are carried out with the
maximum and zero values of Moldauer's parameter Q. Difference in fitting
‘among the thrce calculations appears in backward angles in a limited energy
.region. Systematic energy variations of the optical-model parameters are
secen more or less in the region lower than 4 MeV for all cases. In the
region higher than 4 MeV, where the Moldauer effect is to be ineffective,
the energy variations are not so prohounced. Judging from these two, the
calculation with the maximum value of Q is .considered to be best among the
three calculations to reproduce the measured data, though fluctuations in
the cross sections and simple forms of the angular distributions in the.

lower energy reglon make the choice ambiguous.



A full paper will be published in the procecdings of the IAEA Inter-
national Confercnce on Nuclear Data for Reactors(Helsinki, 1970). The

number assigned to this paper is CN-26/30.
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Neutron Scattering Cross Sections of Iron

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

The differential cross sections of elastic and inelastic scatterings
by iron have beeﬁ measured at incident neutron energies from 1.43 to 2.15
MeV in steps of 40‘keV with an energy resolution «f..50 keV. Scattered
neutrons and gamma rays produced in the inelastic process were observed
at the same time with a Mobley bunching system of the JAERI 5.5 MV Van de
Graaff accelerator and a time-of-flight spectrometer. The neutron scat-
tering cross sections were measured relative to the p-n cross sections,
and the ncutron cnergy standard was the 2.08-MeV resonance of carbon.
The cross sections of gamma ray production were measured with the same
liquid scintillation detector as the neutron detector, and normalized to
the neutron scattering cross sections. Bothmutron and gamma ray cross
seciions were corrected for multiple scattering and attenuation of neutrons

in the scattering sanmple, and source-to-sample angular spread. The angular

distributions of the neutron and gamma ray cross sections thus obtained

. . . 14
Y H 0 7 —_—. 1
were fitted with Legendre expansions of a form of 47T1ioBlPl(cose)( A
=6_for elastic scattering). Intermediate structurcs, which arc similar

to thosc observed by Elwyn and Monahan, and Barnard eta. in the encrgy
region of 0.3 to 1.5 MeV, appear in the excitation functions of some of
the cxpansion coefficients of the cross sections, i.e. the coefficients

of 1=0 to 4 for the elastic scattering, 1;0 for the inelastic scattering
and 1=0 and 2 for the gamma ray production. Energies of humps in the
:xcitation functions are zbout 1.6 and 2.05 MeV.

A full paper will be pudblished in thie proccedings of the IAEA Inter-

iational Conference on.Nuclcar vata for Reactors knelsinki, 1670). The

wmber assigned to this paper is CN-26/29.
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Exclted Levels of 1335, by Heutron Inelastic

S, Xikuchi

The ievels of 135¢cs were investlgated oy means of the
(n,n'ﬁ) reaccion. Five gamna rays were observed. anc the
energles of ievels associated with the individual ganma rays
have been dezerminedl) Troxz the informations of the threshold
energles of excitation functions.

The angular Gistrloutions of these gamma rays were also
measured and have becen compaﬁed with tneoretical prediction
based on the Satciiler formalisma)in order lto deduce spins
and parities of the levels,

Furtner examinatlion of spln and parity assignments 1is
¢ I 5

[l

e

now under progsress, Dy comparing the observed exciltation
functions with those calculated on the tasis of the ioldauer

theoryB).

enouti, and X. Nishlmura, J. Phys. Soc.

2) %. R.)Satchler, Phys. Rev, 94 (1$54) 1204; -ibid. 104
1956) 1168

3) P. A, Zolizuer, Phys. Rev, 123 (1981) 968; ibid. 129 (1963)
7543 Rev. iod. Phys. 36 (1564) 1079
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Elastic and Inclastic Scattering of Neutrons in 20 MeV Region

Y. Yamanouti, S. Tanaka, S. Kikuchi and X. Tsukada

Preliminary experiments to get information on neutron background and
shielding in 20 MeV region by using T(d,n)4He reaction have been complected.
The design of a multi-angle detector system which has the maximum flight

path of 8 m is now in progress.



Direct zasurement of Nuclear Reaction Times by the

Use of the 3lockiny Zifeect in Sinzle Crystals
3 - . -r A ) - *
¥, Maruyama, X. Tsuxkada, K. Ozawa, F. Fujimoto,

. N st 3
K. Homaxi, . Mannami™, and T, Sakurati

eporting the results on the 28si(p,p'),

A full paperrep
T0ge(p,p') ani (2Ge(p,p') reactions, which were cutlined in

the previcus report (INDC(JAP) 42 p.l1C), 1s in press in
Nuclear Physics.,

The measuremnent of reaction times of the 63'6501.1(;3.1)')--
63’65Cu* (1st and 2rd excited statés)reactions has been

performed using wne same metnod and the analysis of the

observed data is now ln progress,

of Paycics, Colleze of Cencral Education,
of Tczyo, Tokyo.

#%  Departiment of Physics, Lyoto University, Xyoto.
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Evaluation of the Total Neutron Cross Section of Carbon up

to, 2 MeV

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

A treafment of least-squares method has becn applied to the evaluation
of carbon total neutron cross section in the energy region 1 eV to 2 MeV.
-The number of total cross-section data, which were available from CCDN and
collected from other published reports, amount to almost 2,200 points. A
fourth order polynomial is adopted as an empirical formula for these cross-
section data. Two different methods for the assignment of weight have been
tried in the least-sguares fit, i.e., equal weight and weight of inverse
square of error. The results indicate that the difference in the cross-
section values obtained Gith the two different weight assignments does not
exceed 1% in the entire energy region. The numerical data arc classified
into two groups of experimental data sets, one obtained by the time-of-
flight (TOF) and the other by the direct-current-beam (DCB) method. In
order to find out systematic trend depending on the different methods of
measurements, the least-squares fits with the egual weight and the weight
of inversc square cf error are applied to TOF and DCB data, separately.
Systematic deviations of about 3.5% for the'equal weight and about 2.5%
for the weight of inverse square of error, are found in the cross section
at 350 keV between TOrF and DCB data. The cross-section curve obtained by
the weight of inverse square of error is compared with those of ENDF/B,

KFK 750 and UK data file.



Fast Neutron Capture Cross Sections of Cr, Fe, Ni and Mo

K. Nishimura, T. Asami, S. Iparasi, M. Hatchyarand H. Nakamura**

In the keV-cnergy region, neutron radiative capture cross sections

for such rcactor materials as Cr, Fe, Ni and Mo have bcen measured by a
number of authors. A variety of standard cross scections used in different
groups of mcasurerents akes a systematic comparison among their results
difficult. In the prescnt work, the Au(n,y) cross section measured by
Poenitz et al. is adopted as a common standard cross section. By multi-
plying the normalization factors té the each (n,y) cross section in differ-
ent groups of measurcments, the renormalized (n,y) cross sections for Cr,
Fe, Ni and Mo have been obtained. By the use of the results of the systcm-
atic study of level densi{y parzmeter a and strength function 1/£0, sta-
ti;tical model calculations have been performed up to about 10 MeV. The
~competition with neutron inclastic scattering is taken into account in the
statistical model calculations. Collective and direct model calculations
have been perforired above several MeV region. Calculations are made by
the usc of a computer code RACY. The results of calculations from 10 keV
to 20 MeV are adjusted to the renormalized (n,y) cross scctions forlCr, Fe,
Ni and Mo, and are compared with the curves of LENDF/B, KFK 750 and UK data.
A full paper will be published in the proccedings of the IAEA Inter-
national Conference on Nuclear Data for Réactors (FEclsinki, 1970). The

number assigned to this paper is CN-26/28.

* Mitsui Shipbulding § Engineering Co., Ltd.

** Fuji Clectric Co., L



. . . . 238
Analysis of Necutron Inelastic Scattering by U

S. Igarasi, H. Nakanura*, T. Murata** and K. Nishimura

" Total and partial inclastic scattering cross-sections of 238U are
investigated in the range of neutron cnergy from 50 keV to 15 MeV. Optical
model and Hauser-Feshbach's formula are mainly used in the energy range
from S0 keV %o 1.5 MeV and evaporation model isuscd above 1.5 MeV. Values
and trends of optical potential parancters and level density parameters
are searched for by fitting the calculated values of the inelastic scatter-
ing cross sections and the emitted neutron spectra to the experimental
data. Spin and parity for cach discrete level of 238U are tentatively
determined, after surveying cxperimental and thecoretical information, and
comparing results of caliculations with cxperimental data for excitation
functions. Effects of competitive processes, such as (a,v), (n,f), etc.
are taken into account in the calcuiations. Above 1.5 MceV, the inelastic
scattering cross sections are obtained by using Hzuser-Feshbach's model
which includes contribution from continuous statve of the target nucleus,
and by using calculated cross section for compound formation and experimen-
tal data for (n,f), (n,2n), (n,3n) and (n,y) cross sections. The inelastic
scattering cross section obtained in this work is comparable to that
presented in Ki*X-120.

A full paper will be published in the proceedings of the TAEA Inter-
national Confcerence on Nuclear Data for Reactors (Helsinki, 1970). The

number assigned to this pzner is CN-26/27.
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Half-lives of Some Fission Product Kuclides

o~

3. Baba, K, Baba and H. matsuse

The half-lives of nuclides supplied in the proton-induced
figsion of 238U were investigated. The B-countings of chemi-
cally separéted Tfission producté were perforiied with end-window
gas-flow proporticnal counters. Obtained decay curves were
analyzeé with a non-linear least‘squares fitting programne Tor
i-7044 electrcnic computer. desulting half-life-values of
severzl nuclides are susmarized in the table. A full paper with
this title will be pudlished in Journal of Inorganic and Huclear

Chemistry.
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Average Level Spacinzs and the huclezr Level Density FParameter

H, Babz and S. Bzba

& full paper on this subject was published in the Japen
Atomic Energy Research Institute report, JAERI 1183, fugust,

1969, with an abstruct as follows ¢
3

o

The averzge level spucing QO was compuved with neutron
resonance capiure dute gurmrarized in BNL-325, and compared
with those given by several autiors. The values thus fixed
with reiiavilivy were vlotted versus the reuvtron number to see
the systematic benavior of tne QO' ‘ne less reliable or ambi—

guous groupn o7 the Dls waz then Tixzed by taking the systematics

into considerztion. it was &iso decided from the systematics

©t nostv of the

)
F
o)
e}
o
o

that the error involvel in the L8 W
order oI a fuctor or TUO.
The level density parw=neter gz wes calculated with the

fixed wvalue oI tiie level gpacing 20' The eifect of an alternative

choice of tne level densizy formula or the momeant of inertiea

£

on a was digcussed anG its dependcnce on the nuclear radius

parameter wae studied as well,



