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Editor's Note

This report is prepared for presentation to the Tenth Meeting
of the European-American Nuclear Data Committee which is to be
held on 20-25 February, 1967 in Istanbul, Turkey. The editor
asked forty-four physicists to submit repﬁrts on those research

work which pertained to Nuclear Data in the sense used in the

BANDC.

The individual reports, which were submitted to the editor,
gre all included herein without selection. They are not intended
to be complete or formal, and musi not be quoted in publicatioans

without the permission of the authors.
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I, Japan Atomic Energy Research Institute
Al Neutron Exveriments - Reactor
I-a-1. Mnalysis of the 0.098-eV Neutron Resonance in 1498m

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

49

.. 1 .
The neutron transmission of Sm and natural samarium

samples have been measured with the JAERI nsutron crystal

monochromator and the neutron velocity selector over the energy

range from 8 x 10—4 to 1 eV, Results are shown in the follwing

figure.
The parameters of the 0.098-eV neutron resonance in

are being analysed by the shape method.

1495

Sm—149

N = 9.836 x10* barns /atom
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o crystal monochramator
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I-4-2. The Thermal-Neutron Induced {n, g ) Reactions in Rare-

sarth Slements

K. Qkamoto

The (n, ¢ ) reactions induced by thermal neutrons in the rare-
earth elements are being investigated.

The reaction cross sections and the spectra of alpha
particles have been measured for Sm147, Sm149, and Ndl43 by a
surface barrier detector (200-ohm resistivity) in a neutron flux
from the thermal column of JRR-~-2 reactor,.

Fig. 1, 2, and 3 show the spectra of alpha particles in

Sm149-, Sml47—, and Na*43 (nthf ¢ ) reactions, respectively.
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I-a-3. Thermal Neutron Capture Gammas Rays of Ti gnd Al

H. Takekoshi, Y. Kawarasaki, and N, Shikuzono

- -

N ..

The therma} neutron capture gammg-ray svectra of t;tanium
gnd aluminium have been measured with a three-crystal pair
;pectrometer. A lithium-drifted Ge detector was used as the
§entral crystal of the specirometer and 3" ¢X 3" Nal (Tl) detectors
as the side ¢~ . stals. ‘ -

The preliminavy results are shown in the fellwing f;gures.
éeveral new lines were found in either spectrum of titanium and
‘aluminium above 1 MeV. ‘

Further studies, including an improvement of the apparatus,’

are now in progress.
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B. Neutron Experiments-Linac

I-B-1. Processing and Analysis of Neutron Transmission Data

and Considerations of the Accuracy

T. Fuketa, A. Asami, M. Ohkubo, Y. Naxejima,

Y. Kawarasaki, and H. Takekoshi

4 paper on this subject was submitted to the Conference on Nuclear

Data, Paris, 17-21. Oct. 1966 with an abstract as follows:

The main features of the computer programmes which are being
used in processing and analysing the neutron transmission data
from JAERI (Japan Atomic Energy Research Institute) Linac Time-
of-Flight Spectrometer are described, and the related accuracies
are discussed. In these programmes, the background is formulated
to a channel-dependent expression by making least-squares fitting
to the raw data of the ﬁackground, and the statistical error of
the transmission is computed at every individual channel. Some
modifications of the area-aznalysis programme whiéh was originally
written by S. E. Atta and J. A. Harvey of ORNL is made to expand
its functionms, That is, in the present programme, computations
" are iterated semi-automatically until the values of I' and I'p
satisfy the condition of self-consistency, r=r, + [} , for an
assumed value of I} and of the g-factor, and. in estimating‘the
error of the g]}l-value, the statistical errbr of the transmission
at individual channels and the error of the 3ase1ine under which
the resonance area is defined are taken into accognt.

The accuracy of the final result of g r, depends not only on
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the statistical errors in the itransmission data but also on their
systematic errors and on the zdeguacy of the choice of irput
parameters for the analysis. Some semi-empirical examinations
were made on the influences of these errors upcn the value of gry-
4 20-per-cent systematic error in the background, whose amount

was about one per cent of the open-beam counting rate, gave rise
to an error of more than 4 per cent in the computed g rp-value of

a resonance chosen for the test,

I-B-2. Neutron Transmission Measurements

T. Fuketa, M. Ohkubo, and Y. Nak jima

Additional measurements on transmissions of natural cédmium
and antimony have been made with samples at liguid-nitrogen
temperature in order to improve separation of the resonance dips.
Analysis of the data (including the previous data at room tempera-

ture) is not completed yet.

I-B-3. The Parameters of the 4.14-and 7.6-eV Resonances

in Tungsten
K. Ideno, M, Ohkubo, and T, Asemi

The neutron transmission in the neighbouring of the 4.14-
and 7.6-eV neutron resonances of tungsten has been measured with
a resolution of 0.04 /Lsec/m in order to in&estigate the effectv
of crystalline‘binding on the Doppler broadening in neutron

resonances. W métal and WO3 were used as the sample.
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The shapes of the resonances were measured in detail at the
roon and the liquid nitrogen temperatuves.
Using the Atta-Harvey program for shape analysis*, the
following resonance parameters were obtained:
For 4.14-eV rescnance of 182W,
E_=4.1520.01 eV, I'=50+2 meV, and I'p =1.46 %0.02 meV.

For 7.6-eV resonance of 183

W,
E°=7.64ﬂ:0.02 eV, I'=70+3 meV, and 'y =1.72% 0.05 meV.

The detailed analysis 3is nox in progress.

* S. E. Atta and J. A. Harvey, ORNL-3205 (1961) and its
addendum (1963); by courtesy of Dr. J. A. Harvey of ORNL, we
recieved the resonance anaglysis program and rewrota it from

FORTRAN II to IV.
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I-C-1. Zlastic and Inelastic Scattering of Neutrons from
e, Ni and W

¥X. Tsukada, S. Tanska, M. Maruyama, and Y. Tomita

In the previous progress report, EANDC (J) 3 "L" p.1l8, the
authors reported that time spectra of neutrons scattered from Fe,
Ni and W had measured as a function of the energy of incident
neutrons and the direction of scat’<red neutrons. As the continu-
ation of the work, the time spectra have been analysed by means
of an IBM 7044 computer, and differential cross sections for the
elastic and inelastic scattering have been obtained. In the
analysis peeling-off process was used, when necessary. As an
example Fig. 1 shows differential cross section* for the inelastic

56

scattering of neutrons leading to the 1lst excited state in Fe.
The following corrections and analysis ére now in progress:

Multiple-scattering correction in the sample for the angular

distribution of elastic scattering, flux-attenuation correction

for inelastic scattering, parameter search of the optical

potential, and comparison of the observed inelastic scattering datsa

with those calculated on the basis of Hauser-Feshbach theory and

Moldauer theory.

* Some of “wae values in the figure‘may be changed within

small amount due to the correction now in progress.
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I-C-2. Elgstic and Inelastic Scattering of Neutrons from
S and Zn

X. Tsuk=da, S. Tanaka, M. Maruyama, and Y. Tomita

Time spectra of neutrons scattered from S and Zn have been
measured at incident energies of 4.55, 5.95, 6.97 and 7.99 HeV
over scattering angles from 30° to 150° with a step of 10°.

The measurement was made by means of a time-of-flight spectrometer
with a 5.5—Mef pulsed-beam Van &= Graasff accelerator and an ion-
beam bunching system. Keutrons were generated vy means of the
D(d,n)sﬁe reaction.

The purpose of the present investigation is to study the
transition between two modes of reaction inm which compound-
nucleus excitation and direct excitation of low-lying collective
states dominates respectively. The bias of the slow side channel
which cuts off the pulses of neutrons with low energy was,
therefore, set comparatively high. In addition to the counting
of the sample-out background, countings of background runs of
sample-in and -out with the gas target evacuated were also
measured, unless they were negligible.

Fig, 1 shows typical time spectra of neutrons scattered from
S in directions of 60° and 90o at a bombarding energy of 7.99 MeV,
The spectra are corrected for the background and live time,
efficiency, etc. of the detector system. The ordinates are given
in the scale of cross gection per channel (mb/sr/channel), which
were measure: relative to the well-known cross sections of the
H(n,n} B reaction. From the figure one can see a faci that the

cross sections for the inelastic scattering leading to low-lying
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I-C-3. Bigh Resolution lleasurcments of Gsmma Rays from

Nentron Inelastic Scatiering

S. Kikuchi, Y. Yameanouchi, and K. Nishimursas

Measurements of gamma rays from neutron inelastiec scatteriag
in iron, copper, nickel, zinc, and tin have been made with &
1:thium-drifted germanium detector., The germanium crystal has an
area of about 3 cm2 and a thickness of 0.5 cm. The ring geometiy
is used as in the previous experimentl).

A typical example of the gamma-ray spectra obtained with a
sample of natural zinc is shown in Fig. 1. It is obvious that
three gamma-ray peaks corresponding to the transitions from the

66, 68

first to the ground states in 64Zn, Zn, Zn nuclides are
clearly separated.
Estimation of cross section values of (n, n',7 ) reaction in

above five elements is now in progress.

Reference ) X. Nishimura, K. Okano, and S. Kikuchi,

~Nu‘clear‘Physics 70 (1965) 421
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I-C-4. Neutron Total Cross-Section of 27La

K. Nishimura, S. Kikuchi, and Y. Yamanouchi

Total neutron cross-sections of naturel lanthanum have been
measured in the keV region with a high energy resiolution.
By using a thin lithium metal target and a narrow neutron beanm
collimator, an energy resolution of about 2.5-32.5 keV was obtained
in the neutron energy of approximately 100-200 keV.

Preliminary results on 139La show a resonance structure in
this energy region.

Further measurements in the energy region extended both to

the lower and higher sides are in progress.

I-C-5. Energy Dependence of the Nuclear Level Density below

the Neutron Binding Energy

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

A report on a part of this work, which was outlined in the
previous report (EANDC (J) 3 "L"), was published in the Nucl,

Phys. 78 (1966) 369-384.

I-Cc-6. Average Level Width of the Compound Nucleus
K. Tsukada, and T. J. Lee

A full paper of this work, which was outlined in the previous
report (EANDC (J) 1 "L"), was published in the Nucl. Phys. 83 (1966)
274-288.
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D. Others

I-D-1. An Empirical Formula for the Number of Neutrons as a

Fanction of Mass and Total Kinetic Energy for

Spontaneous Fission of Cf-252*

Eiko Takekoshi

The properties of the prompt neutrons associated with the
spontaneous fission of Cf-252 were reported by H. R. Bowman et al..l)
In this report, the number, energy and angular distribution of
neutrons were analysed as a function of the mass and kinetic energy
of the fission fragments before the emission of the prompt reutrens,
and the results on the number of the prompt neutrons were presented
graphically; the variation of the number of neutrons per fission

as a function of fission mass pair, the average number of neutrons
per fragment as g function of fragment mass for selected kinetic

energy intervals, and the number of neutrons vs. total kinetic

energy for selected fragment masses,

The above mentioned relationships can be expressed in a
convenient way by means of a formula. The formula also gives the
number of prompt neutrons as a function of the fission mass pair
and the total kinetic energy. The following empirical formula was
obtained by fitting the original experimental data of the above
reference.

v (M, E) = A(H) "B (By - 150)

where M is the mass of a fission mass pair and E, is total kinetic

T
energy in MeV, The two parameters, A(M) and B(M), were obtained

for selected fission mass pairs by means of a least squares fit,
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As shown in the figure this empirical formula fits the dzta
vexy well, If the formula is applicsble to cther cases of fission,
it may be useful in resolving some essentizal problems concerning
fissiorn mechanisms, where the relationships between total kinetic

energy and excitation energy, and total emergy release are involved.

+ The initial part of this work was done under the auspices of
the U, S. Atomic Energy Commissien, at the Lawrence Radiation

Latoratory, University of Californis, Berkeley, California,

U- S. Al

REFERENCE
1). H. R. Bowman, J. C. D. Milton, S. G. Thompson, and W. J.

Swiatecki; UCRL-10139 (1962), Phys. Rev. 129 (1962), 2133.
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M A(m) 3(M) +aA(M) +AaB(M)
90.6-162,0 1.051142E 0Nl 3,175789E-02 1,145673E 00 5.587937E-b§
93.3-159.1 1.298356E (01 4.047030E-02 1.119826E 00 4,320221E-03
96.0-156.1 1.036345E 01 3.418736E-C2 1.062659E 00 2.219159E—03
98.9-153.2 1.059153E 01 3.551356E-02 1.073524E 00 2.417977E-03

101.7-150.4 1.411688E 01 4.568359E-02 1.049548E 00 1.5577813f03
104.5-147.8  1.548740E 01 4.709535E-02 1.043418E 00 1.295249E-03
107.1-145.3  1,711756E 01 4.T757485E-02 1.045976E 00 1.306369E-03
109.6-142.8 1,908681E 01 4.711096E-02 1.040042E 00 1.105750E-03
112.3-140.2 1.613277E 01 3.966645E-02 1.072244E OQ 1.902963E-03
114.9-139.7 2.186056E 01 4.468517TE-G2 1.084261E 00 2.137312E-03
117.4-135.3  1.961045E 01 4.037683E-02 1.075005E 00 1.855199E-03
119.7-135.0  1.978643E 01 3.740538E-02 1.096399E 00 2.375969E-03 -
12%.8-128,5 1.607475E 01 2.703174E-02 1.099831E 00 §Z607426E—Q3J,‘
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I-D-2. Radiochemical Studies of 238U Fission Induced by 12-55
MeV Protons

H. Natsume, H. Amano, E.  Takekoshi, F. Ichikawa, H. Umezawa,
H. Goto, H. Baba, T. Suzuki, S. Baba, and T. Sato

. Proton-induced fission of 258y s being studied by radiochemical
techniques for the energy range from 12 MeV to 55 MeV, Eleven
tergets of uranium which was of hatural isotopic composition were
‘stacked agd~irradlated for 10-20 hours with 55-MeV protons from
the cyclotron of .the Institute for Nuclear Study, University of

Tokyo.  After irradiation each target was analyzed redlochemlcally

. 1
 for 72&n, 863y, 89Sr, Iy, 99Mo, H2ps, 11?50&, omy g =52q,, 127
136gg, L34gg, 137, 1405, 141y, l4dp. 143, 14Ty, 1495

l48ng, l48um,f1555m,‘156Eu, l60Tb, and 16l,Tb as- the fission
234 237

Np, and

Te,
140

236Np,

;preducte‘and’for 238Np, U as the spallation

products,

, Determination‘of the yieldé of the spallation and fission

products ‘are being carried on.

I-D-3, Fabrication of Thick Germanium Detectors
M. Ishii, T, Tamura, N. Shikazono, and H. Takekoshi

thhlum drlfted germanlum detectors w1th a depletlon layer of
-up to 8 mm and a dlameter of about 19 mm have been made from pulled
‘1nd1um doped, p- type 51ngls crystals | The detectors ha&e an energy w‘
r:resolutlon of 4 to 5 keV (FWHM) Tor gamma rays from 6000, when they
:iere used w1th a conventlonal 1ow n01se preampllfler The procedure of‘»

?jfabrlcatlon 1s descrlbed 1n detall 1n JAERI 1151 whlch is now 1n press;_‘
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I-D-4. Diffusive Motion of Light and Heavy Molecules
Y. Gotoh and H. Takahashi

The scattering laws of light and heavy water have béen calcu-
lated based on the Nelkin or Butler models in which the translational,
rotational and vibrational motions are assumed to be’ those of free
moleculesl

In this diffusion model, the atoms in the molecule are considered
to receive the stochastic force from'the surrounding molecules, but
the coupling among the various types of motions is gssumed to be
negligible. The hindered rotational motions of a molecule in the
potential fie;d of its neighbors are treated here as the torsional
oscillation with a proper frequency.

In Fig. l., the scattering laws of the light water which aré
calculated by the UNCLE-code are displayed. Friction constant of

¥ -0,048 (eV) corresponds to the diffusion constant,

D=1.8 x 1072 cm®sec ', It seems to be likely that the scattering

I
hydrogen atoms, &

laws evaluated by this model with a reasonable diffusion constant
agree wellywith the experimential ones. In the case of the heavy
water, the generalized spectrum is shown in Fig, 2. where the
- Py :
friction constant——=0.043 (eV).
Y

(Figures appear on the following page.)
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I-D-5. Conference on the Inelastic Scattering of Neuirouns

2 conference was held on the inelestic scattering of neutrons
at Tokail Research Establishment, JAERI, during 15-18 HNovember,
1965, A collection of the papers presented at the Conference and
the records of discussions was published in JAERI 1113 {19&6).

Three of the twenty two papers are in English and the others

in Japanese, but with English abstracts.
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E. Japanese Nuclear Data Committee

{S. Igarasi)

The general description on the activities of the Committee

are statedlin a previous reporit, INDSWG-88, copies of which were

presen%ed to the EANDC at its 8th meeting held in May 1965.

Besides the job as the national channel for the international

cooperaration in the field of nuclear data, the Committee has

organized following activities:

1.

1)

2)

3)

4)

5)

Nuclear Cross Sections

By using the computer code, ELIESE-2, elastic and inelastic
scattering cross sections of Na, Al, Fe, Zr, Pb and U were calcu-
lated taking account of probable competing processes via com-
pound nucleus, Systematics of the optical potential parameters
are being investigated. Well-depth parameters of the real and
imaginary potentials are mainly looked for.

The computer code, STEVE-1 to be used for reaction cross section
calculations based on the statistical evaporation model was
de&eloped. STEVE-2 and STEVE-3 which take account of the angular
momentum effect have also been developed.

Computer codes RACY and STAF have been developed: the former for
the calculation of neutron capture cross sections on the basis

of Lane and Lynn's theory, and the latter for the calculation of
fission cross sections on the basis of the statistical mcdel,

A Seminar on Fast Neutron Cross-Sections was held at JAERI in the
period of 18-20 August, 1966, Many reports on review and on
original works were presented, Proceedings of the Seminar is to
be published in January 1967.

Publications:

Program ELIESE-1 JAERI 1096
(also EANDC (J) 4 "S")

Proceedings of the 2nd Seminar
on Fast Neutron Cross-Sections JAERI 1126,
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2-

1)

2)

3)

4)

5)

6)

7)

3.

Neutron Thermslization

Calculations of S{ ¢, 2) have been performed by using the computer
codes, UNCLE and ES. Theoretical values were fitted to the
éxpérimental data., Frequency distributions were obtained by these
calculations. . :

(cf. J. Nucl. Sci. and Tech. 3 {1966) 160-164)
Calculations and evaluations of the scattering kernels of diphenyl,
Dzohand H20 have been performed.
The computer code, UNCLE, was modified so as to enable it to cal-
culate the P-1 component of the scattering kernels.
The computer code, ES, was modified so as- to enable it to take
account of the Einstein's. frequency distributions.
The computer code, '"Butl#r", has been modified so as to ensgble
itgto calculate the total scattering cross sections as well as -
the law of coherent scattering of heavy water,.
A computer code, FREDAM-IN, has been developed in order to calcu-
late frequency distributions by the method of interpolation.

Publications:

UNCLE ‘ JAERT 1087
ES JAERT 1094
FREE , JAERI 1084
NELXER JAERI 1085

Survey and Problems in the Study of
Thermal Neutron Scattering JAERT 1086
Theoretical Calculation for Thermal -Neutron

Scattering Kernel JAERI 1096.

Group Constants

A data library to be used as the input of the computer code,

MUFT, was prepared, Basic nuciear data were referred to BNL-325,

2nd,ed., with its supplements as well as to 4/W file, Several

computer codes were developed: GROUCH-M for the conversion of nuclear
data into data in the form of the library, GROUCH-R and GROUCH-R-Jr
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for the calculation.of resonance integrals, and CROSS Idr the
.interpolation of data~in the tliermal“energy. region, R

Many requests for data .arose during the work: Availability of
the requested data was checkefi wj.th the aid of CINDA'65 ‘and partly
of CINDA'66., Theése requests, together with requests -‘by .othexr
sources, were listed in Japanese List of Requests for Measurement,
September 1966 (EANDC (J) 6 “AL"), - - - R
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IT. Osaka University

Ii-1. Inelastic Scattering of Thermal Neutrons by Organic

Moderator Molecules

T. Sekiya*, K. Sakamoto*, C. Nishida*, and Y. Watari®

The low frequency distributions of -some organic moderator
molecules obtained by Glaser's neutron scatiering experiments,
were analysed on the ground of intra-and inter-molecular potential
barrier heights determined by molecular orbital calculation tables
and by NMR data, respectively. As almost all the organic molecules
for reactor use contain benzene rings, one of the aims of our
research is to determine interaction potentials between benzene
rings. We also made a calculation code ASTOM to evaluate scattering
laws for asymmetric molecules under the auspices of JNDC.

Thus our works may be separated into three parts:

1) Intramolecular Rotation Frequencies

(Tech. Repts Osaka Univ. 16, 431 (1966)]

In the case of gaseous diphenyl the intramolecular potential
has approximately 4-fold symmetry about c-axis, and may be repre-
sented in a from as follows:
H/2 (cos4 ¢-1). The barrier height parameter H was deteomined by
the consideration on iwo competing effects————the orthogonalizing effect
of two benzene planes ;aused by 2+2' gnd 6-6' H-H repulsions and the
coplanarizing effect caused by n electrons. The barrier heights so
determined is H=0.95‘kca1/mol=0.042 eV, and the level spacings

determined from it by the method of Koehler =znd Dennisonl) (see Pig.)
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are the same ozder as the low frequency peak determined by Gl&ser's

experiments for solid and liquid diphenyl.

2) Intermolecular Rotation Freguencies
The potential barrier height of the hexad-axis rotation of
benzene molecules may be determined from the WNMR data of spin-
lattice relaxation times T1 for benzene and deuterobenzene.z_B)
Almost all the experiments were made in solid states. The barrier
heights were for the same order as the intramolecular one of the

diphenyl gas. And we may expect the overlap between these peaks,

The researches in this direction are now going on,

3) Evaluation of the Scattering Law of Asymmetric Top Molecules.

A Code ASTOM was made $to evaluate the scattering law of rigid
asymmetric top molecules. The principle based on Volkin's formalism.4)
From the data structure parameters of the molecules we can evaluate
s(k ,w), The corrections to the zlassical cross section may be
evaluated, It is found that the axial asymmetry effects of the
diphenyl molecule at the equilibrium angle of two benzene rings may

not be neglec¢ted.

References:
1) J. S. Koehler and D. M. Dennison, Phys. Rev. 57, 1006 (1940).-
2) E. R. Andrew and R. G. Eades, Proc. Roy. Soc. A, 218, 537 (1953).
3) J. K. Thompson, J. J. Krebs and H. A. Resing, J. Chem. Phys. 43,
3853 (1965).

4) H. C. Volkin, Phys. Rev. 11 ) 8663 117, 1029 (1960).

* Department of Nuclear Engineering, Faculty of Engineering.
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] i '\ Fig. Energy levels compared with

harmonic oscillator approximation:

0 Potential Barrier Height Harmonic
0.0k11 eV Approxization
Dimension 204
k=0 K=1

Ir-2, Multiple Scattering of Neutrons and Correlation Functions

S. Sunakawa¥*, Y. Fukui**, and T. Nishigori¥*x

The present note is the abstract of & paper published in progress
of Theoretical Physics 35, 228 (1966),

When the wavelength of a neutron is very long, it interacts with
the target system as a whole rather than with the individual atoms,
The Van Hove formula for neutron scatteriﬁg fails to describe such
processes, In this paper, the formula is generalized to include

the effects of the multiple scattering.

* Department of Physics, College of General Education.
** Present address: Department of Applied Science, Faculty of

Englneerlng, Tohoku University.

%% Depa;tment of Nuclear Englneerlng,‘Faculty of Engineering,
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The cross section is written as

d2o ke °y°' = dt ei(Ef—Ei)t/Yl

— — 2 . —eevdx ,*"‘d 7
a0t © O ky miEer X 2mm S ax, md¥y Xn

e ot —ius (x _‘I * sk
‘ xee(x—x] ) -ixi(xn—=n )y (Xn—Xm=1) === D' (x,—x,) D(xI—x2)

<+ D(xXp—~;—xp) X G(xm,'": X, o}tix] ks “yXn) (1)
in terms of the many-particle space-time correlation functions defined

by G(Xm,* Xy 3 0 Tix] ;o xXA)

= d§8'<5 (xn- T (0)) =8 (%, = w(0NF (x] - 1 s (£))++-00c] -1, (£I13 ()

.y [ Vl
wherg#])(};ci—xj) is the propagation function of a neutron:

(i) = — a 2Pl
Xi—X3 - ]Xi_x,]’ (3}

The first term (m=n=1) ¢f the expression (1) coincides with that of

the Van Hove formula,

II-3. Slow Neutron Scattering and Space-time Correlation Functions

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

The Van Hove formula for the scattering cross section of the
neutron is written in terms of the space-time correlation functions.
They have complex values on account of quantum effects, and thus one
cannot give them simple physicai significances,

In order to remedy this defect, we réformulate the theory of
the neutron scattering; The cross section for the scattering is

expressed as

dzg . T _ . 003 ¢ _’-‘ | .‘ . )
— 2 . ip-x/n 1(ett—x{ p- (), P- () 1
dQade ¢ e Pi Jare _wf 27:1’1{ ° = ‘ . g
XGs( r, t)+e e nt)}), (1)

where the functions Gs and Gd:

‘* Department of Physics, College of General Education,

** Department of Nuclear Engineering, Faculty of Enginéering: .
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g e

Gs( xr, )= N o <8 ( v+ ra(0)— ral(t))>, ,

1

(2)

1
Gal v,t)= Ti_a§5<5( r+ ra(o)— rg(t))>; , (3)

are the new guantum mevhanical correlation functions proposed in the
present note; the new function Gd {or Gs) is real and positive, and
one can regard it as a probability of fineing a displacement from =
position of a particle ¢ at a time t=0to that of a particle £ {or the
particle € in the case of Gs) at a time t=tinr . The commutator in
the exronent of the expression (1) is a ¢ -number function of t.

In the classical approximation, we replace the commutator( p-req( 0),
P re(t)]/ih in (1) by a classical Poisson bracket { P v (0), pr,(t)}

and G:('r. t) and Gd( r, t ) by the classical space-time pair

correlatrion functions G and G _:
cR cd
N
G, (r, t);;_l I (r+ v (@O— r ) > )
I‘\II a= i C 7y

Go.lr,t)= Yy (<8 (e+ r (0)— rg(t) > ) (4)
Tt N a8 €7y

where ra(t) and rﬁ(t) may be given as the solutions of the classical
equations of motion for the target atoms, and(---)c stands for the
classical thermal average. The classical expression for the scattering

cross section is written as

azo b -1 presn 24T sletsd { pe ra(0), P re (D)2
dQde » Na? Pif de e f Zth{e

4
AN

Xa, ( n)+eiet/'h(}m( r,t)} . ‘ 15)

In the case of ideal gas, the result derived from the formula
‘ {(5) coincides precisely with the exact quantum mechanical one.
This fact indicates that the present classical cross section (5)

includes correctly the recoil effects of the neutron. 7n the
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Vineyard classical approximation, on the other hand, the contribution
from the classical Poisson bracket { p- r,(©), p: r{0)}ir the exporent
of (5) has been ignored inconsistently, and thus the recoil effects

of the neutron are not taken into consideration.

The detail of the present note will be published in the journal:

'Progress of Theoretical Physics'.
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III. Rikkyo (St. Psults) University

Institute for 2tomic Energy

III-1. Gemma Rays from 107%pg~

M. Hattori, T. Nagahara, and X. Kitao%>

The gamma rays from 109de was investigated by Stribel,l) and
StarnerZ). They obtained the value of 188 keV for the energy of
the gamma rays. The purpose of the present investigation was a
more precise determination of the gamma ray energy by a Ge{Li)

detector.

We used a nowemade Ge(li) detector having a cross section of

=

lemx 1.5 em and thickness of 3.5 mm. The resolution was about
4.5 keV at the 122 keV peak of /Co.

The Pd sources were obtained by 5 min., neutron irradiation of
2.7 mg natural Pd metal (99.9 %) at the rotary specimen rack

(~5x 101! n/cmz.

sec) of the Rikkyo Universitvy TRIGA II reactor -
(max. 100 kWw).

The measurement was started 1 min. after irradiation,
For the energy calivration, we used the values of 67.7, 84.7, '100.1,

152.4, 179.4, 198.4 and 222,1 keV of 182

Ta, and 122.1 and 136.4 keV'
of 5700. From the calibration curve, we obtained the value of

189.2+0.3 keV for the gamma rays of irradiated Pd.

% Quoted from the report IAERU-6609, Rikkyo University.
¥* DNational Institute of Radiological Science, Chika
1) T. Stribel, Z. Naturforsch. 12a, 939 (1957)

2)~J._W. Starner, Bull. Am. Phys. Soc. 4, No. 2, 99 (1959)‘13‘
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We measured the decay of this peak, and obtained the half-

- life of 4.7+ 0.1 min., PFrom this value, we confirmed the 189.2

_ keV gamma rays come from the transition pf the ;O9m

109Pd

Pd to the ground

state of
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Iv, Nippon\Atomic Industry Group Co. Litd.

Iv-1, One-Phonon Coherent Scattering of Slow Neutrons from

Polycrystalline Aluminum¥*

Shungo Iijima

An approximate simple expression of the one-phonon coherent
scéttering of slow neutrons from cubic Bravais lattice was derived
‘with fhe simplifying assumptions about the dispersion relations,
They are:

(1) @, (@) is spherical in §-space and single-valued,

\(2) the polarizations are strictiy either transversal or longitudinal
égd

(3)‘two transverse branches are degenerate.

The scattering law was calcﬁlated for the case of gluminum, using
Walker's frequency cbntour map aﬁd the frequency distribution,

The calculation was in fair agreeﬁent with the measurement‘by

Brugger et al., The feaéibility\of the usual extrapolation'pfocedure
- to obtain tﬁe,frequenéy aistpibﬁtion from the measured scattering

' law was discussed.

*. J. Nue. Sci. &-Tech, 3 p.160 (short note) (1966) -
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V. Tokyo Institute of Technology

v-1. The (n,2) Reactions on Heavy Nuclei with 15, 1-MeV Neutrons

H. Kitazawa*, Y. Kanda*, and N. Yamamuro*

The energy distributions of the a-particles from the reactions
175Lu(n,d)172Tm, 165Ho(n,a)162Tb, 181Ta(n,a)178Lu, 141Pr(n,a)138La
and 197Au(n,a)1941r with 15,1 MeV neutrons have been measured at an
angle of 0° to the beam.

The a¢-particles from targetrs were detected by a silicon surface
barrier detector, of 3 cm2 sensitive area, biased 200 V.

The distance between the neutron source and the target was 6 cm,
and that between the target and the detector was 4 cm.

The targets of lutecium (8.4 mg/cme, Lu203), holmium (8.5 mg/cm2,
HOZOS)’ tantalum (7.2 mg/cmz, Ta203) and praseodymium (5.4 mg/cmz,
Préoll) were prepared by means of sedimentation.

The energy calibration of the detector was nmade by a Po-a source
as well as by the background peéks due to 29Si(n,a)26Mg and

ZBSi(n,a)stg reactions,

175 181

The results for Lu and Ta are shown in figures. We intend
to estimate the deviation from the evaporation model and to analyze

it in terms of the direct interaction model.

. ¥* Reseach Laboratory of ‘Nuclear Reactor.
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v-2. Some Remarks on the Optical Potentials for Low Energy Neutrons

M. Igarashi. M. Kawail. and 5. Igarasi ¥ R
Optical potentials for low energy neutron scattering by nuclei
were briefly reviewed. The total cross sections and the différential
cross sections of elastic and inelastic scattering were calculated
for several target nuclei using the potentials given'by Beyster et

.1) 2) and using the Hauser-Feshbach theory

al and those of Moldauer
of the compound nucleus process. The computations were done by
ELIESE-IB).

Neither sets were found to account for all the experimental
data studied equally well. Moldauer's potential, for instance, well
accounts for the data on medium weight spherical nuclei éuch as

Ca40 83

and Y but the fit to the data on A127, B1209 and U238 is
not satisfactory.
Comparison with the potential of Auerbach and Moore4) and with

5)

the theoretical calculation by Terasawa indicates that thefiﬁaginary
part of Moldauer's potential for heavy nuclei is too narrow and deep.
Arguements were given for varying the imaginary potential rather
rapidly with mass number, deformation, and so forth of the térget
nucleus.
References: ;

lj J. R. Beyster, M. Walt and E. W. Salmi, Phys: Rev. 104 (1956) 1319

F. R. Beyster, R. G. Schrandt, M. Walt and W. Salmi, LAL2099 (1957)

2) P. A. Moldauer, Nuclear Physics AZ_(1965) 65

3) JAERI 1096, Nov. 1965

4) E. H. Auerbach and S. O. Moore, Phys. Rev., 135 (1964) B 895

. 5) T. Terasawa, Nuclear Phyéics_zg_(l962) 563

*  Japan Atomic Energy Research Instifute, Tokai
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V-3. Energy Spectra of Photo-Frotons From Lie

H. Hirabayashi, X. Pujioka, and Y. QOda

The proton energy spectra from the nuclear photo-reaction on
Li6 were studied with the Bremsstrahlung of maximum ¥-ray energy
15.7 MeV. The protons were detected with the nuclear emulsion method.
In the present case, one can expect that gquite equivalent processes
leading to neutron emissions also take place.

The proton energy spectra obtained show the existence of an
eminent group at Ep=1.8 MeV, and the rather continuous spectra up
to the maximum energy defined by the kinematics relation of the
reaction., It has been confirmed that the spectrum peak is constructed
only by a single group of the protons. These protons can be produced
from the following two reactions. The one is the reaction Lis(r,p)He5
in which the T-rays are absorbed by the 6.63 MeV level of Lié.
The other is the reaction Li6(r,pn)He4 in which the r-rays are
absorbed by the 9.0 MeV level of Li6 and both product particles »
and n have the nearly half of the available energy. It must be noted
that latter level seems to have not yet the definite support for

its existence. Further studies are now in progress.
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VI, University of Tokyo
The Institute for Solid State Physics

VIi-1. The Spin-Spin Interaction of 0.92 MeV Polarized Neutrons
165Ho Nuclei*
S. Kobayashi, H. Kamitsubo, X. Katori, A. Uchida,

with Polarized

M. Imaizumi, and K. Nagamine

In order to obtain = direct measure of the strength and fornm
of the nuclear Spin-spin interaction, the transmission of 0,92 NMeV
polarized neutrons by polarized 165Ho was measured. The total cross
section and relative scattering angular distribution of 0.92 MeV
unpolarized neutrons through unpolarized 165Ho nuclei were also
measured in order to make a parameter search of the optical potential.
The experimental results are analyzed with the DWBA formalism due
to Davies and Satchler, The results show that the effective spin-
spin interaction between a free neutron and a 165Ho nucleus, is an
attractive type and its strength has the order of one MeV,.éﬁd the
present experimental result Along with other data obtained at ORNL
and Stanford, can be fitted'by the DWBA approach in either case of
a volume and surface type of the form facter. For the further deter-
mination of the strength and form of spin-spin interaction, more
precise similar experiments are needed for various different neutron

energies,

* A full paper is to appear in J. Phys; Soc. Japan 22 (1967) No. 2
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TI-2. Low Ereray {r.n) Resction on 55Mn snd the low-ILyirng

Excited Siztes of SsFe'

A. Uchida, X. Raganine, . Imalizuri, T, Hamitsubo.

and S. Kobayashi

The (p.n) reaction on 55xn was studied with the emphasis upon
the investigation of the low-lying states of 27Fe. The angular
distributions of each neutron groups corresnonding to erergy states
of 55Fe lower than 0.93 MeV were measured at ten different proton
energies in the energy range from 2.3 WeV to 2.8 MeV, TNew levels
of 55Fe at 0.51 and 0.68 MeV reported by Kim at ORNL were not observed
at least with so much intensities as he claimed. The Integrated
cross section of each group corresponding to the low-lying states
of 55Fe was gnalyzed by mesns of the statistical theory due to Hauser
and Feshbach., As a Consequance, the spin and parity of 0.41 YeV
level were assigned as 1/273;3/2 was excluded. This assignment is
consistent with that suggested by Schiffer et al.. The measurement

of the life of the first excited state at 0,41 MeV was tried as a

testing of core-excitation model,

% J, Phys, Soe. Japan 21 (1966) 2115 -





