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FOREWORD

This consolidated progrsas report for 1973 has besn prepared
for the countries cutside the NDS service area, A second
report, INDC(SEC)-42/L, covers countries within the NDS service
area,

The report is arranged alphabeticelly by country, and reproduces
ihe content of each individual report as it was received by the
INDC Secretariat., Also included in the Table of Contents is a
list of each laboratory, institute and university referred to

in the report, preceded by its internationally used EXFOR code,

As in all progress rejorts the information included here is

partly prelimirary and is to be considered as private communication,
Gonsequently, the individval reports are not to be quoted without
the permission of the authorsa,
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ATOMINSTITUT DER OSTERREICHISCHEN HOCHSCHULEN, WIEN

1. NEUTRON SOURCES AND NEUTRON DETECTION

Te1 The Emission Spectra of Na-Ds,0, in-Be and Na-Be
Photoneutron Sources ‘

K.Mueck, F.Bansch

The energy distribution of the phatonsutrons of Na-D,0, In-Be,
La~-Be and Na-Be source systems were measured by means of a proton
recoil proportional counting tube. Spherical lead-shields of
various thicknesses (ranging from 1.5 to 13cm) were used to reduce
the intense gamma field accompanying the neutron spectra to be
measuraed. The spectra of spherical heterogeneous source arrange-
ments for three different Be-target thicknesses (0.5, 1.1 and
2.0cm) were measured and compared with the theorstical distribu-
tion as obtained by Monte~Carlo calculations. The change in
‘spectrum shape due to the lead shields was also calculated by a
Monte-Carlo routine. Good agresment between theoretical predic-
tions and experimental results shows values for the peak of the
nsutron distribution of 264.1 + 0.5keV for the Na-D20 systenm,
397.3 + 0.8keV for the In-Be system, 761 + 0.7keV for the La-Be
system and 966.9 + 0.5keV for the Na-Be source systsm. With the
La~-Be system a second neutron group of much lower intensity (6.5
per cent of the main group) could be found with a peak .energy of
1097 + 1.0keV in good agreement to recent gamma~spectroscopic
‘maasurements.

1.2 Cadmium Cerrectieon Factors of Several Thermal Neutron
foil Detectors

K.Mueck, F.Bensch

If the epithermal activation Cg, of a foil detector is derived
from its epicadmium activation ECd’ the knowledge of the cadmium &
correction factor fFpgq = Cep/c d is usually required. The cadmium
‘correction factors of V, B, ! B, In, Au, Mn, Co and Dy foil de-
tectors of thickness 0 - 0.25mm and cadmium cover thicknesses of
0.5, 0.8, 1.0 and 1.2mm have been numerically evaluated according
"to the most recent cross-section values and resonance parameters.
Fgg values are listed for both monodirectional and isotropic
nautron incidence. While for most of theses materials no results
have been published so far, for gold and indium the results could
-be compared with previous calculations and measurements and a
discussion of the rssults is givsn. Since the Fcg values, par-
ticularly for Mn, Co and Dy exceed unity considerably, neglecting




this correction is not tolerable with precise measurements of the
thermal neutron flux density. Comments on the use of Fpgq values
in the Westcott convention are added.

2. NEUTRON SPECTROMETER

2.1 R neutron spin-flip chopoey with Mezei-coils

G.Badurek, H.Rauch, G.P.Westphal, P.Ziegler

A neutron spin~flip chopper hac been developed offering superior
charactsristics compared to the conventional r.f.-chopper. Flip~-
ping efficisncies of nearly 1.0 are achieved only by suitable
DC~currents through the Mezei-cnils. The chopping system consists
of simple and reliable transistor switches operating in constant
current mode. Fast on-off times (3 -~ 4us) are obtained because of
the extremely low coil inductivity (3.5uH) and delayed switching
of the second coil according to the neutron time-of-flight
through the first one resulting in an effective coil length of
1.5cm. The good symmstry of the neutron burst shape favours
application of the correlation-as well as the Fourier msthod.

2.2 A high efficiency neutron spectrometer for elastic
scattering
G.Badurek, H.Rauch, G.P.Westphal, P.Zisegler

The new concept for an elastic spectrometer giving good nsutron
economy is bassd on the combination of position sensitive de-
tectors and a fourier chopper. Investigations are in progress
dealing with the gain factor for elastic scattering experiments
compared to conventional methods.

3. NEUTRON DEPOLARIZATION MEASUREMENTS

3.1 {nvestiqatibn of the magnetic domain structure in
Dv with polarized neutrons

M.Waldauf, A.Zeilinger, H.Rauch, M.Th.Rekveldt¥

Measurements of the depolarization action of a polycrystalline

* Interuniveréitair Reactor Instituut -~ Delft, Holland




sample with heavy internal stresses revealed the existence of a
mixed state between ferromagnetic and antiferromagnetic domains.
Experiments in Delft showed a marked anisotropy in the depolari-
zation action of the samples, which can be explained by a corre-
lation of the domain dimensions with the direction of their
magnetic induction.

4, NEUTRON INTERFEROMETRY
H.Rauch, U.Bonse*, W.Treimer, P.Skalitzky¥**, M.Suda

A perfect crystal interferomoter has been operated successful at
the TRIGA-reactor (Phys.Lett. A47 (1974) 369). The separation of
the coherent beams was about 4cm and up to 20 interference fringes
could be observed. Now the whole facility will be installed at

the high flux reactor at Grenoble to use the full capability of
this new method. First measurements deal with a very accurate
determination of scattering amplitudes to obtain new information
about neutron-nucleus and neutron-electron interactions. New
possibilities for the investigation of magnetic materials and for
coherence properties of matter waves arise.

5. NUCLEAR PHYSICS

5.1 Fission of Highly Excited Heavy Nuclei

F.Bensch, G.Eder, H.3Jasicek, H.Oberhummer, H.Rauch,
P.Rishs

Investigations of the fission probability of heavy nuclei induced
by light and heauvy ions are planned at the "Schweizerisches Insti-
tut fur Nuklearforschung" (SIN) in Villigen, Switzerland. The
injector cyclotron of SIN will be used to get highly excited com-
pound .nuclei. By detecting the delayed neutrons certain fission
products will be identified.

5,2 Angular Correlation of y-Rays from Oriented Nuclei
H.4W.Weber, R,Goblirsch, H.Rauch, P.Riehs

Covering some interests in nuclear and sclid state physics a He3-
He% dilution refrigerater has been installed in ordsr to obtain

* Institut fir Physik, Universitit Dortmund
**% Institut fir Angewandte Physik, TH Wien




P
i

oriented nuclei. First tests have been performed successfully and
will be continued in making a transmission experiment with pola-
rized thermal neutrons. Measurements of y-rays following thermal
nsutrons capture and following radicactive ‘decay are foressen in
future.

5.3 Measurements of low eneray gamma rays following thermal
neutron capture in <95Y

W.3,Schindler, C.M.Fleck

The low energy y-rays were detscted in a Ge(Li) detector using
an enriched target of 235U, The evalutation of single and co-
incidence spectra leads to some new transitions. Spin and parity
of the 1342keV level and a level at 1383keV are deduced.

6. REACTOR TECHNOLOGY

6.1 High sensitive detection of defect fuel elements in
water cooled reactors by analysis of released fission
gases

C.M.Fleck, H.Bbck, P.Brunner, H.Erber, W.Fritsch
(Work supported by the IAEA under contract no. 934)

The difference in the release mechanisms between intact and
defect fusl elements indicatoe, that a change in the isotopic
composition of the relsased rare gases could be more significant
than a change in the absolute level of the fission gas activity
for the detection of defect elements. The present studies were
performed to measure release parameters for Uran-Zirconium-~
Hydride with wich the release of the different fission gas iso~-
topes in any operation state of the reactor at any power level
could be calculated and compared with measured values for both
intact and defect fuel elements.

6.2 Burnup measurements for reactor operation and safeguards

C.M.Fleck, H.Bauer*, H.Moldaschl¥, E.Ruppert**,
H.Krinninger¥¥*

Some new techniques faor incore and out-of-core measurements on
PUR's and BWR's are studied. Also theoretical and experimental.

*  KwWU, Erlangen
*¥% INTERATOM, Bensberg




investigations are carried out for burnup measurements on the
fuel of LMFBR's.

6.3 Transient response of self powered neutron detectors

H.Bdck, F.Richter, P.Geburek*, D.Stegemann¥
(Paper presented at ths Reaktortagung 1974 in Berlin)

The transient response of self powered neutreon detectors with Co,
Er, Hf and Pt emitters were analyzed during rsactor square wave
and pulse operation. Characteristical deviations of the linearity
were observed during high speed power level changes especially
with Co and Er detectors compared to a standard ionization
chamber.

7. MEASUREMENT AND DATA HANDLING
7.1 On _lins computer system for laboratory automation
G.P.Westphal

A laboratory computer system is just being completed, which is
intended for automation of various beam hole experiments at the
TRIGA reactor. The configuration consists of a PDP 11/45 with

64 kbyte of core (48 kbyts for program and 16 kbyte as DMA
buffer), an RXKOS5 disk drive, a dual DEC tape unit, a line printer,
a storage scope, an X-Y plotter and three terminals. Three CAMAC
crates are interfaced to the Unibus by means of Type U controllers
(Borer 1533A), one of them being located at the computer, the
other two at remecte data stations at the reactor connected by
means of differential Unibus extenders over a distance of appr.
100m. A fast multi-user Basic operating under the RT11/FB system’
includes all the CAMAC functions, which have been implemented via
the CALL feature. Supported by a floating point processor, which
significantly speeds up I/0 operations and program execution, it
allows for fast and efficient programming even by the unex-
perienced user.

7.2 On line computer control for polarized slow neutron
experiments

G.P.Wsstphal, G.Badurek, H.W.Weber, A.Zeilinger

For the development of a remote data station at the polarized

¥ TU Hannover
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neutron beam hole of the TRIGA reactor a system analysis has been
performed to find structural and procedural similarities between
several typical experiments. This analysis has led to a modular
hardware develeopment and will be the basis. for software modularity
as well. The first experiment at this station, which is just in
the setup phase, is the measurement of the transmission of pola-
rized neutrons through an oriented target, performed by means of
an HeJ-He4 dilution refrigerator.

7.3 Position sensitive neutron detectors

G.P.Westphal, H.Rauch

Measurements with position sensitive 1OBF::, proportional counters
with a filling pressure of 2 atm. have shown an intrinsic resolu-
tion of 1.5mm fwhm, which is degraded to appr. 3mm for a counter
of a length of 1m by electronic noise and non-linearities of the
analog pulse processing. Improvements of preamplifiers and the
development of a digital position encoder very probably will re-
duce resolution to 2mm fuwhm. :

8. RADIOCHEMISTRY
8.1 Activation analysis using short-lived nuclides or isomers
F.Grass

Activatinn analysis was developed using short~-lived isotopes, e.g.
the 20 ms nuclides or isomers 128 or <%Na®™. The advantages of
using short-lived nuclides for activation analysis especially in
combination with reactor impulse are outlined. The maximum in-
crease of sensitivity in relation to the half-life is shoun
graphically. Ths practical application of AA with 20 ms nuclides
is demonstrated on the simultaneous analysis of sodium and boron
in Jenaer G 20 glass. In five determinations the mean errors of
the average were 2.5 and 3.5% for sodium and boron respectively.
As the two simultaneous measurements require only 400 ms, this
method is very useful for serial analysis, particularly if a
computer in on-line operation is available.

9. NEUTRON RADIOGRAPHY

E.Granzer, W.Pochman, H.Rauch, N.Skiadopoulos, A.Zeilinger

Experiments on the diffusion of hydrogen in various media are




continued. The resolution and image contrast of neutron radio-
graphs of abjects containing hydrogen are experimentally and
theoretically investigated.

INSTITUT FUR RADIUMFORSCHUNG UND KERNPHYSIK DER OSTERREICHISCHEN
AKADEMIE DER WISSENSCHAFTEN, WIEN

1. Study of the short~lived activities of 70Cu and 67Ni
W.Reiter, W.H.Breunlich, P.Hille

Work described in ths last reports has been completed. Abstract
of the thesis see bealow.

W.L.Reiter, Thesis, Univ. Wien:

After irradiation of 70zn with 14 MeV neutrons three activities
observed have been assigned to two isomers of ’Ocu (702cu,T4/, =
= 41 s and 70PCu, T, /) = 5245 s) and to 67Ni (T1/p = 1644 53.
Ge(Li) single gamma-Tay spectra, plastic scintillation single
beta-ray spectra and plastic-Nal(Tl) beta-gamma coincidences were.
measured. A B-ground-state transition (6.20+0.20 MeV) and a
transition to the first excited 2+-level ot /0zn (5.45+0.12 MeV)
due to (1+) 702cy and three B-branches with 4.57+0.12 MeV,
3.45+0.15 MsV and 2.3040.17 MeV to the levels at 1786.5 keV,
3038.2 keV and 4146.9 kel, respectively, due to (5~) 70bcy uere
found. Five gamma-rays were placed in the decay schema. A G-
transition of 3.75+0.20 MeV has bsen assigned to 57Ni., Branching
ratios for the B-components have been estimated and the log ft-
valuss deduced.

2. Measurement of eneray spectra and angular distributions
of charged particles emitted in nuclear reactions induced
by 14 MeV neutrons

P.Hille, M.Uhl, K.Richter, W.Weisz

Work described in the last reports is continued. The final version
-of the cylindrical multiwire chamber has been built and tested.

3. . A pulsed ﬁeutron generator

~ G.Stengl




The pulsed neutron generator is now working according to the
design aims (1 nsec pulse duration > 10mA D*-peak current,

= 250 keV D*-energy). The “OFe(n,n'y)-reaction is now under study
with the new facility wsing time-of-flight technique.

a4, Age-~-determination of bones by activation with 14 MeV
neutrons ’

P.Eisenbart, P.Hille

The age of bones is determined by measuring the Nltrogen/Fluorine
ratio using 14 MeV neutron~act1vatinn. The Bt-radiation of 13N~
and 18F from the reactions 14N(n,2n) and '9F(n,2n) is followed
over ssveral half-lives by counting the 511 keV~-annihilation
quanta with a Ge(lLi)~spectrometer. For a number of bones of known
.age from the Roman military camp Carnuntum the N/F-ratic is
measured in order to study the variation with soil composition.

5,  Activation Analysis Applications in Archasology

W,Czerny, G.Winkler

In cooperation with the "{sterreichisches Archiologisches Insti-
tut"” nondsstructive activation analysis work with fast neutrons
is in progress on ancient pottery. A straight-forward method was
developad for determining the Si, Al, Mg and Fe contents which
seem to allow to differentiate between samples aof different
origin.

In cooperation with the "Institut fiir Antike Numismatik" (Univer-
sitdt Wien) a bronze coin could be identified as a contemporary,
that is ancient, forgery of cast white bronze using activation
techniques described below (to bs published in Sitzbsr. Osterr.
Adad. Wiss, mathem.naturw. Klasse).

6. Non~destructive Analysis of Ancient Bronze Coins by
Activation with 14 fleV Neutrons

G.Winkler

for the purpose of numismatic studies ancient bronze coins have
been analyzed by nondestructive fast neutron activation analysis
using a comparison technique. Seriss of measurements were per-
formed with different experimental set-up. After irradiatian
gamma ray spectra were measured by a highly resolving Ge{Li)-
spectrometer. A relative error of one and tuwo per cent uas
achieved for the absolute copper and tin contents respectively.
Iron contents down to 0,1 per cent can be measured easily.
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Results from éctiuation analysis were also compared with X-ray
fluorescence studies. Work is being published in the Internat:
Journal of Applied Radiation and Isotopes. ;

7. - Measurement of (n,p) cross sections on Isotopes of
“Cd, Sn and Te for 14 MeV Neutrons

W.Struwe, G.Winkler

Work described in the last reports has been completed and
published in Nucl.Phys. A222 (1974) 605. The (n,p) cross sections
measured on several isotopes of the elements mentioned have been
discussed and compared to values predicted by semiempirical
formulas and with calculated values based on the statistical
‘model of nuclear reactians.

8. Measurement of Neutron Spectra from Ineleastic Scattering
of 14 MeV Neutrons

H.K.Vonach, W.Bertl, G.Winkler, G.5tengl, H.Kratschmar,
W.Breunlich, S.Tagessn

A Program is started to measure the neutron spectra and (or)
neutron-y-coincidences from (n,n'y)-reactions, respectively, on
several isotopes of Mg, Al, Si, S, (Ca), Mn, Co, Ni, Zn, Ge, Se,
(sr), Nb, Y, Au, Pb, Bi.

PHYSIKINSTITUT DES FORSCHUNGSZENTRUMS SEIBERSDORF,
OSTERREICHISCHE STUDIENGESELLSCHAFT FJR ATOMENERGIE

1. NUCLEAR PHYSICS
1.1 Observation of Parity Vioclation by B-y directignal
" ‘correlation

F.Dydak, G.Sersntschy, P.Weinzierl

Having obtained a positive result for the coefficient A, in the
directional correlation of the T1 203 decay - Aq = -(2,2&0,7).10”4
-~ which is,in.disagreement-withvthe measurements of othser groups,




we are trying to do a zero-sffect expesriment with the same
apparatus using a nucleus for which no measurable perity
admixture is to be expected, The choices are Ru 103 and Sc 46.
As the mass separation of a Ru-source of suitable quality turned
out to be unfeasible a high temparaturs xon source was con-

pounds are under vay.

1.2 Preliminary ﬂasults for the Electron-MNeutrino Angular
S Correlation LOBfflClent a measured from Free~Neutron Decay

R. Dobrozemsky, E.Kerschbaum, G.Moraw, C.Stratowa,
P.Weinzisrl .

Measurements of the electron~-neutrino angular correlation co~-
efficient a in the free-nsutron decay are reported., The method

is based on the measurement of the shape of the energy spectrum
of recoil protons obtained from neutrons inside a highly svacu-
ated cavity near a reactor core. Spectroscopy is done by means

of an slectrostatic condenser and an ion-electron converter
detector of the coincidence type. By this arrangement counting
rates of several counts/sec are obtained at the detector which
promise considerable improvement in accuracy compared to previous
experiments. 17 proton spectra were evaluated up to now and thsir
shape yielded the preliminary result:

2 = -0.096 + 0.013, giving [Gp/Gy| = 1.242 + 0.041.

2, NEUTRON SCATTERING .

2,1 Microscopic Grueneisen Parameters in Rubidium lodide
measured by Inelastic Neutron scattering

0.Blaschke*, G.Ernst*, G. Qu1ttnar, R.Lechner*¥, W.Kress¥**

About -40 mode Grueneisen paramsters in Rubidium Iodide have been
evaluated from the measurements on the high~flux reactor in Gre-
noble. They have been compared toc and 1nterpretad in tesrms of an
anharmonic breathing shell model of W.Kress.

2,2 flode Grueneisen in Potassium Branxde by Inalastlc
- Neutron Scattering e

0.Blaschko¥*, G.Ernst*, G.Quittner

Eight acoustical mode Grueneisen parameters have besn measured at
the Seibersdorf reactor. The results are compared with several

* I. Phys. Institut der Universitit Wien
*% Institut Max von Laue - Paul Langevin, Grenoble
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theoretical predictions. A paper has been submitted to th
Journal of Physics and Chemistry of Solids. ‘

2.3 Pressure ihduced changes in the mosaic structure of
KBr and RbIl crystals measured with 412 keV y-rays

0.Blaschko, G.Ernst, J,Schneider*

Changes in the mosaic distribution of KBr and Rbl single crystals
under pressure up to 3,4 kbar have been investigated with 412 keV
Y-rays. In KBr only small distortions are observed. In RbI larger
pressurs effects occur both in the shape of the mosaic distribu-
tion function and in the integrated reflecting power of the
measured rocking curves. These effects may have some connection
with the pressure induced phase transition in alkali halides.

2.4 Improvement of the convolution approximation
0.J.Eder

An improvement of the convolution approximation for the coherent
scattering law has been found which satisfies the known moment
conditions by using an interpolation function.

REAKTORINSTITUT DES VEREINS ZUR FORDERUNG DER ANWENDUNG DER
KERNENERGIE, TECHNISCHE HOCHSCHULE GRAZ

1. On the Theory of CoupledCoreCbnfigurations
E.Ledinegg, H.Rabitsch

A core consisting of more than one fuel zone can expediently be
understood as. coupled core configurations, if the individual
multiplying regions differ in their properties as regards neutron
physics, and if there is only little reaction. That makes it
possible to calculate the flux distribution and the buckling for
this multi-layer problem by applying the first order perturbation
theory with optional arrangement and shape of the fuel zones. In
the present work the core configuration is regarded as a multiple
degenerated system (with n-zones the system is n-fold degenserated).
The fuel zones are completely uncoupled in the initial state, and
only after inserting intermediate layers they can come to an inter-

action. In this case the degeneration of the system is generally
removed. ; :

* Institut Max von Laue - Paul Langevin, Grenoble
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For a simple example we treat a three zones core in slab geometry
" and “compare the results of the perturbatxon theory with the exact
calcdlation.

2. Determination of the Activity in Combined Gas-Fluid Flous
Hj.Miller, H.Hubmer, H.lLengger

The determination of the activity of small amounts of tiniest
particles in flowing gas meets with considerable difficulties,

if large quantities of ‘gas occur, as the retention time of radio-
active particles at the detector is very short.

The present investigation tries to detsrmine the wear of pistan
rings in two stroke engines, which first appears in the exhaust
gas. Two different methods are used: the enriching of radiocactive
particles in a filter which is continually measured out, or the
chemical dissolution of the particles in a fluid. In this case
the flow method helps to determine the radiocactive component.
Both ways demonstrate the abrasion dependlng on the operating
conditions of the two-stroke sngine. : .

3. .»Determinatiod of -the Resgnéncé Self~Shielding in

c.Materials of a Medium Atomic Weight
‘M.Heindler

To examine how far the up te . now little regarded phenomena of
resonance self-shielding in materials of medium atomic weight

(Fe, Cr, Ni, Na...) are responsible for the discrepancy betusan
1theory and experiment with differential dates, respectively for
the correspondence of integral dates - svidently caused by a
compensation of errors.- studies on s-, p- and d-resonances are
carried out together with the reactor centers Saclay and Cadarache.

Improvements in regard to the comprehension of the Doppler-
broadening -in the calgulation of the ensergy-dependent cross sec-
tions obtained from.the resonance parameter are achieved, and the
approximations concerning the computation of self-shielding
factors are stated for the element Fe and compared with those
used up to now.

4, Determination of the lLeckage in Cell Calculation
M.Heindler

The theoretical determinaticn of neutron physical parameters of a
reactor assembly is preceded by the determination of the neutron
ilux.éair,ﬁ). The resonance structure of the cross sections and
the heterogeneity of the individual reactor zones exclude ana-
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lytical mathods as. wel; as multl—layer multi-group approxxmatlons.
So one is left to cell calculations which disregard the spatial
limitation of the examined region.

A method is presented which allous the determination of the

neutron leckage from a heterogene domain without giving up the

simple boundary condition of ideal reflexion. The energetic and

spatial fine structure of the neutron flux in a cell with the

boundary condition Albedo = 1 are determined in an iterative pro- *
cess. Then a reaction-equivalent homogene medium is defined and

the buckling-dependent "leckage cross sections", introduced inte

the cell calculation as fictitious cross sections, are determined. R
This method can also be applied for the case of nonisotropic

transfer cross sections.

5. Project Study "Pebble Bed Reactor with Liquid.Cooling;
M.Heindler
5.1 Design of Spherical fFusl Elements for a Power Pile with

Liguid Cooling

According to the patent spplication of Prof. Dr. M. Ledinegg and
Dr. F. FraB on water-moderated pebble bed reactors a project
study in thres parts has besn performed. Part 1 of this study
concerns the thermal behaviour of the spherical fuel elements.

First of all the three types of spherical fuel elements are
defined of which can be expected that they will mest the require-
ments of neutron physicés and tharmodynamics.

By regarding the technological ‘and thermodynamic conditions the
internal structure of the three types of fuel elements is de-
terminated. Then follows the calculation of the temperature
distribution in the fuel elements. To introduce the effective
temperatures of the individual zones of the fuel elements offers
the advantage that the expenditure needsd for an exact calcula-
tion can be considerably reduced. The formulas for the effective
temperature of homogene spherical shell ‘Zones are deduced. .Then
the effective temperatures of all fuel element zones 'are computed, «
whereby assumptions on the heat transfer coefficient are to be
made. ,

5}2 Neutron Physical Foundations

In the second part of the project study, devoted- te:neotron.
physical studies, the transport equation has been put down in
a~way that it is applicable to all geometries and heterogeneous
structures which might be considered for reactor. design. This
approach is such that the numerical sclution does not get pro-
hibitively involved, even if enisotropic scattering processes
and micro-inhomogeneities of the fuel (e.g. coated particles)
are taken into account.




For that purpose the By-approximation of the Boltzmann equation
in integral formulation is derived from the integro-differential
transport equation. With the help of the first collision kernels
relations between the scalar neutron flux and the neutron current
are obtained. This leads.to an integral equation for the space-
and lethargy-dependent neutron flux. The energy variable is made
accessible to numerical treatment with the help of the multi-
group formalism, the space coordinatss by means of the modified
collisjon probabilities and a multizone mash.

6. On_the Theory of Gamma-Absorption in Scintillation
Detectors of Cylindrical Geometry '

For concluding from the measured counting rate on the disintegra-
tion rate of a radioactive preparation the dependence of the im-
pulse rate on the effects occurring in the counting arrangement
nust be known.

The dependence on the sensitivity, respectively on the "stopping
power" in a cylindrical NaJ(Tl) scintillation counter is to be
examined by using a rather rarely employed geometrical assembly.
R point source, respectively lins source, is on a straight line
parallel to the cylinder axis; its distance from the axis of the
cylinder is larger than its radius.

7. Measurement fo Cross Sections with the Pile-0Oscillsator
Method .

W.Ninaus

R measurement system of high sensitivity for the determination of
cross sections has been developed in form of a pneumatic pile-
oscillator, which is to be installed in the central channel of
the SAR Graz. With the help of this apparatus the calibration and
sensitivity measurements with the 1/v absorber boren have been
accomplished.

In the medium 5/M range deviations of the measured values from
the calculated ones have been found for tungsten (thin slab-
shaped samples) at examining the effective rescnance integrals¥*,
By applying the pile oscillator method, a larger $/M interval is
to be measured out in order to find out by comparison with
theoretical~-numerical results, if errors in the cross sections
are responsible for the above mentioned deviations.

e st ca o~

* H.Heimel, M.Heindler, Effektive Resonanzintegrals von
Molybdédn, Wolfram und Tantal in sbener Ceometrie;
Atomkernenergis 20 (1972).




8. Transport-Theoretical Treatment of the Multisphere Problem

F.Schiirrer

In the determination of the system parameters of Wigner-Seitz
cells in psebble beds the spatial anisotropy of the flux distribu-
tion is disregarded. It is assumed that on a spherical shell,
concentric to the center of the unit cell, the net current
vanishes or takes a constant value. To judge the error arising
from that proceeding it is necessary to calculate the flux dis-
tribution with paying regard to the influence of neighbouring
spheres.

fFirst two, and the three spherical fuel elements are examined in
an infinite, diffusing medium, and the flux distributions are
approximately calculated with the help of the one group- and two
group transport theory. A spatially constant, isotropic source
distribution is used as a stimulation in the entire domain. The
fluxes are represented by Neumann's series, the convergence and
uniquensss of which is proved in L.g. This method can be extended
to the cass of n2 3 neighbouring spheres.
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" 1., NEUTRON SPECTROMETRY

(Joint SCK/CEN-CBNM(Euratom)-RUCA neutron cross-section
programme. Contract Euratom-~-SCK/CEN N° 002/66/12 -
PG PG B/Av. n° 2)

Total cross-section of 226Ra.

H. CEULEMANS

and long-lived

226g4 is probably the only naturally occurringYhucleus on

which no neutron resoﬁance cross-section data are available above
40 eV. In the preceeding progress report a measurement of the
total cross section between 0.02 eV and 1 eV with the BR2 crystal
spectrometer has been repQrted. The meagq;gments have now been
extended up to about 70d.ev neutgon eneféy at the Linac CBNM
using the same sample.

The transmission experiments with a thickness of

5.9 10"3 atoms/barn of zzsaa in the beam have shown resonances
at the following energies (in eVvV) : 39.81 ;
55.66 ; 88.29 3 237.38 ; 262.96 5 291.42 ; 329.29 ; 347.58 ;

377.07 ; 385.10 (2?) ; 397.93 ;3 524.08 ; 628.01 ; 630.95 ; 676.97.
Taking into account the resonance at 0.539 eV, this would give
D = 42.3 eV and lead to an average reduced neutron width of

172 4 -1/72

0.004 eV “", if a strength function of 10" eV

is assumed.
The data have been obtained using a flight path of 29.73m. The

timing resolution varied from 40 ns to 320 ns in four zones
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starting at 688 eV with zone limits at 306 eV, 110 eV, 34 eV
and 9.5 eV. Our measuring conditions allow a minimdﬁ sensitivity
at the highest measured energy of about 35 barn-eV cross-section
'integrai which cerresponds to a resonance with a fé&ﬁééd width
of 0.05 times the average. The conclusion is that vebﬁzféw
resonances have been missed.

The observed resonance spacing provides information
in a mass region where few data are available. The nearest
even nucleus is 232Th with an s-level spacing of 16.7 evb
(F. Rahn et al. Phys. Rev. € 6, . 1854 (1972 ). The Q-value for
“the (n,Y) reaction is 4.787 MeV in 232Th {from the 1971 Atomic
Mass Evaluation by N.B. Gove and A.H. Wapstra) and 4.565 MeV

226

in Ra. This difference is too small to explain the large

difference in the level density.

W2 AR WO PN I o D DY (D W LIRS A 4D WD WS 7B Bt

#®

F. POORTMANS, L. MEWISSEN, G. ROHR', J.P. THEOBALD™,

G. VANPRAET™®, H. WEIGMANN

Capture, scattering and total crqsgmsection measurements
have pegn'pgrform&d between 7 eV and 250 eV on a 30 m flight
p@#b of the CBNM Linac. The partial cross—-section measurements
were done with a sample thickness of 1.372 10”3 at./barn. The
tbta}heneggy detector (two CéFsuscintiilaﬁcrs) was used as
ggpgg:e_ggﬁectar and a 5et_0§ six 3He gazeous scintillators

as scattering detectors. The analysis is in_progress.

»% CBNM, Euratom, Geel

#¥# R.U.C. Antwerpen
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The total cross-section was measured for three samples

3 5.231 1073 and

with thickness of respectively 1.682 107
2.310 10'2 at./barn. The area analysis has been completed up to
50.5 eV}for the three samples. The neutron widths were obtained
for 62 resonances and the capture widths for 19 resonances.
The shape analysis was completed only for the thinnest sample
measurements. From this shape analysis, the capture width for 28
resonances could be deduced.

~Although the analysis is not yet completed one can already
deduce the following preliminary results :
(1) From the thin sample shape analysis one obtains a mean capture
width of 45.2 meV and from the area analysis a value of 46.1 meV.
The error can be estimated as approximately 5 %. This result
is in good agreement with the Saclay value of 44 meV,
(2} oOur previous results for 14 strong resonances from the
1970 run disagree with the present results. We could not find
any error in the normalization or in the analysis of the first
experiments. The most probable explanation, however, is that the
sample was damaged during the measurements. Indeed, the previous
sample (9 = 83 mm) was made of only 8 g of neptunium oxide powder
canned between two aluminium plates of 0.25 mm thickness. This
corresponded to a layer thickness of only 1 mm and it is very
difficult to keep such thin layers homogeneous during long term
experiments. The present experiments could be done with thicker
samples due to the availability of 35 grams of neptunium oxlde,

and the canning plates are 2 times thicker.
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. 238
gértial cross—section measurements on U

N D XS0 SIS W b W GIR BLTN Tl AP PO o S AP ARG D SO, WS N TS WSRO

H. WEIGMANN®™, L. MEWISSEN, F. POORTMANS, G. ROHR™, G.VANPRAET™®

. . - e 238
A new series of partial cross-section measurements on U

has been started. As a firstrstep, the capture cross-section has
been measured up to 1.8 keV neutron energy with CGFG liquid'
scintillator detectors, which simultaneously yield information
on the gross shape of thé capture Y-ray spectrum. This information
is of interest for the analysis of coupling conditions in
the sub-barrier fission process, and hopefully may allow
assignment of some stronger p-wave resonances.

The scattering cross-section was measured with a very
thin sample (5.527 10“5 atorsg / barn) between 15 eV and 1 keV
using 3He gazeous scintillator system as neutron detector. A
contribution from resonant capture is not detected and the total

background is very low (4 x 10™3

of the intensity in the detector
if all the neutrons were scattered.)
Additional measurements with samples of different thickness

are planned.

# CBNM, Euratom, Geel
% R.U.C. Antwerpen
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f et s s 36
Resonance parameters ___.and statistical properties of 236y,

D o G D s B GO e s 0 S e s R s e - v

L. MEWISSEN, F. POORTMANS, G. ROHR™, J.P. THEOBALD™,
G. VANPRAET™™®, H. WEIGMANN™, R. WERZ

The scattering, capture and transmission measurements of
236U have been analyzed to obtain Pn~values for 97 resonances
and PY—values for 57 among them, up to 1.8 keV. The energy Eo
of 50 resonances up to 3.1 keV has been determined from the same
experiments. The statistical properties of the resonance parameters

have been deduced from the parameters of the individual levels.

Below 1200 eV the mean level spacing D was found to be :

D = (17.3 + 0.5)evV.

The experimental distribution of D agrees with the calculated
Wigner distribution.

The mean capture width fy, an important value for the calcula-
tion of the 238Pu production in reactors, was obtained by weighting
over 57 resonances :

FY = (23.0 + 0.5 (statistic.) + 1.0 (systematic) meV.]

The average reduced neutron with TQ up to 1200 eV is
found to be :

TR = (2.03 + 0.34) mev.

Finally the neutron strength-function, S, = TQ/D, deduced
from the resonance parameters, has the value :

So = (1.05 + 0.15)107%.

% CBNM, Euratom, Gee]l
%% R.U.C. Antwerpen
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Only 5 % of the levels have a reasonable possibility of
being enhanced by p-wave neutrons, as has been calcuiated
acéording to the formalism of Bollinger and Thomés (Phys; Rev.
211, 1293, (1568 }. The number of degrees of freedom V; for
£he Xz»distributions of the reduced neutron widths and éf the
radiation widths have been determined , For the neutron Qidth
distributioqf it was found that V = 1.5 + O.l1. For the radiation
width distribution, V= 83 + 12, which is a typical value in the
actinide region.
According to a formalism of Fuketa and Harvey (Nucl. Instr.
and Methods 33, 107 (196Si)the number of missed levels was
calculated with a computer code. In the case of 236U nine small
levels should be missed. Taking into account tﬁis value, the
number of degrees of freedom for I'f agre¢§ wery well with v= 1.
This means that the s-wave mean level spacing should be
D = (15.2 + 0.5) eV, instead of the value mentionea

above.

Rt R S P U —

H. CEULEMANS
The analysis of the data optained previously at the Neyis

Synchro-cyclotron of Columbia University N.Y. has been continued.
Results were obtained on resonance parameters for up to < keV

neutron enerav.
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The conclusion from the comparison between our data and the
results obtained by other authors is that the strength function

0.5 (55(37) + Sg (47)) is (3.42 + 0.7) 10™% ey~ /2

where S5(37)
and So(47) are the partial s-wave strength funciion for 3~ and 4~
compound nucleus spin states. The strength function shows no

variation outside the normal fluctuations, from one energy

interval to the other, or from one spin state to the other.

2., FISSION PHYSICS AND CHEMISTRY

A S S . L S S S . T W S WS Ki S

P. del MARMOL and P. FETTWEIS

11
It was attempted to separate the still dubious Ru

isotope from other fission products of 235

U by a fast radiochemical
separation using the BR1 "chemical rabbit" and to determine its
half-life by measuring the 374 keVv Y-ray decaying from its
daughter 11ORh (5 s).

The separation procedure was based on che formation of the
volatile Ruo4 by passing C12 through a basic solution containing
the fission products. A typical recovery yield for Ru was 10 %
for a 5 s burst when Ru was recovered on polyethylene beads
heated to 90° C. Although the decontamination factors from other
fission products were high, up to the present time any 374 keV
activity was still blurred by the activity of large fission yield

iodine activities. This could also be due to the very low fission

vield of 11ORu and possibly to a very short half-life.

Further tests are underway.




Fission barrier measurements<at_tng_9§§§ggigs czglotron

P. del MARMOL and F. HANAPPE)

185
About 15 fission cross-sections were measured fo: the Re

compound nucleus obtained by bombarding 181Ta with a-particles

of eneréies from 28.5 to 90 MeV and measuring the fission prodpcts

in glass detectors, etched in HF, and counted through a microscope.
Fission cross-secticns varied from 2.7 x 10“33 to 1.3 x_10-27cm2Z

and showed the expected exponential rise.

The analysis of the results is underway.

JOINT SCK/CEN~-CBNM (EURATOM) STUDIES IN FISSION PHYSICS
AND STANDARDS.

(Contract EUR/C/4146/67 £)

Ratio of the ternary (LRA) to binary fission cross—section

..mn-—.—o-c--n-_-—n._————-———--.....u——-....-—.—.n.—...n-—«—-.-»—m..—-—.——--— e o o - ta o - - =

U T L 0 D e o G O o S S . D D O S G (S48 . D S S s RO o 2 e

C. WAGEMANS™F A.J. DERUYTTER™™*

239Pu : This work was presented at the Third Symposium on Physics
and Chemistry of Fission, Rochester (USA) and published in
delail,
239
241?u * With the same basic apparatus as used for the Pu T/B

eiperiment two sets of data were obtained with different sets of

surface~barrier detectors.

¥ I.I.5.N. bursar, U.L.Bruxelles

®® WFWO, aangesteld navorser, Rijksuniversiteit Gent and S.C.K./C.E.N.

¥x¥ now at "Instituut voor Nucleaire Wetenschappen",
Rijksuniversiteit Gent
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The measurements were performed at a 8 m fligthpath and
covered the enétgy~re§iéﬁ from 0.1 eV to 55 eV ;.ghe bias in the
ternary a-spectrum was 15 MeV (aluminium foil + electronic bias)
and the‘cocpegpqnd;qg pulse-height spectrum was checked contipuously
A rough anaiysis of both sets of data indicated that they are
consistent. Ig‘was found that the T/B ratio varies from resonance
to resonance, although less marked than in the 235U and,239Pu

case. The measurements are extended so as to obtain a better

statistical accuracy on T/B for some smaller resonances.

Rl e S —— P S S N SRS T S WA M Sos N WD S G U S S
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C. WAGEMANS™

In recent years the absolute determination of the Long Range
Alpha particle yield for fission induced by thermal neutrons
received little attention despite the rather strong discrepancies
remaining between the different results.

The efforts were mainly concentrated on 235U.

Recently some new experiments were performed by Marshall and
Vorobiev, resulting in a considerably lower LRA-yield than
generally adopted until now, and by Kugler and Clarke who claimed

to have detected also a short range x-component which would

result into a much higher ternary a-yield.

% NFWO, aangesteld navorser, Rijksuniversiteit Gent and S.C.K./C.E.N.
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Dugfyo:the;;mpprtance of this LRA~yield for our measurements
reported previously, we started a systematic study of this
phenomenon at the BR2 highiflhx,reéctor. LRA pulse-height spectra
and the corresponding binary fission pulse-~height spectra for
2330 and»23$u;wgre measured with and without Cd into the thermal
neutron beam. A rough analysis of the data indicates a lower LRA
yield for both isotopes than.previpuslybadopted.

Moredve? the results with and without Cd in the beam are
the same within the statistical accuracy.

The measurements are extended further and a more precise
analyzing program is being prepared.

Total kinetic_energy of fission fragments in 235U resonances

T e P S D G VIS e S S W G A - —— - So

C. WAGEMANS™, A.J. DERUYTTER™*

The detection system has been improved and the measurements

have been started at the CBNMN Linac.

MM
A.J. DERUYTTER and Gerda WEGENER-PENNING

An experiment was started to study the backscattering of
fission fragments from solid surfaces.

The aim of the experiment is to study the correlation between
the 2¢ and A-values of the scattering foils and the scattering

angle, the intensity and the energy of the scattred fragments.
' ‘ and

% NFWO,aangesteld navorser,Rijksuniversiteit Gent S.C.K./C/E/N/
*»% now at "Instituut voor Nucleaire Wetenschappen®,Rijksuniversitei:z

Gent ’
¥xx IWONL, aangesteld navorser,Rijksuniversiteit Gent and S.C.K./C.E.:
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‘Seme:al'scattering foils, ‘covering a wide rangé of Z-values'
‘'were chosen.

Preliminary measurements with a thin 23°U source and
4 surface’bafrier detectors. were done at the BR1 reactor. A

compﬁterprogramme for the data handling was written. The final
measurements have been started at the BR2 reactor.

O D A s Shae G O CNSGR e Sua

C. WAGEMANS™, A.J. DERUYTTER™®

233, ., A new measurement was done at a 8 m station of the

Linac in the energy region 0.01 - 30 eV. These data were analyzed
and compared with previous results. Based on these and on our
previous measurements we propose a common normalization procedure

via the fission integral

17.6 ev
O (E)JJE = (958.7 + 10) barn.eV

8.1 ev

using as reference : 0? = 533.7 barn.

The complete results are finalized in a‘report‘sent to
Nuclear Science and Engineering for publication.

241?u : Two series of mieasurements were performed at a 8 m

flightpath. In the first series we went down to 0.01 eV allowing

a2 direct normalization to the 2200 m/s fission cross-section :

»* NFWO, aangesteld navorﬁer,RijksunivefSiteit and S{C.K./C.E.N.
¥¥ now at "Instituut voor Nucleaire Wetenschappen",
Rijksuniversiteit Gent I
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here Rh was used as a permanent neutron filter. The second series
covered the energy region from 0.1 ev to 55 eV using Cd as a perma-
nent filter. Background laws were determined with the black sample
technique. These data are being analysed.

. Fission cross-section og_i3su in the range up to 100 keV

A.J. DERUYTTER™®, c. WAGEMANS™

After substantial improvements in counting-rate and

signal-to-background ratio, these measurements were continued

at a 30 m flightpath station.

The energy region from 5 eV to about 100 keV was covered
(useful region 5 ev - 30 kev), allowing a normalization to our
previously determined fission integral

11 ev ,
0 (E)dE = (240.2 + 2.1) barn.eV

7.8 eV

A first run is under analysis, but the data taking will

continue in order to improve the statistical accuracy.

# NFWO, aangesteld navorser,Rijksuniversiteit Gent and S.C.K./C.E.N.

#% now at "Instituut voor Nucleaire Wetenschappen"
Rijksuniversiteit Gent
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- The mass distributign~bf neutron-induced fission for

239Pu at the 0.297 eV resonance.

P.H.M. VAN ASSCHE, G, VANDENPUT) L. JACOBS,™J.M. VAN den
CRUYCE} R. SILVERANS®

The mass distribution of fission products for neutron-induced
fission of 239Pu has been studied in an epi-Sm spectrum, with more
- than 90 % of the fissions being due to the 0.297 eV resonance. The
experimental method consists in a detailed comparison of gamma
- spectra from 239Pu targets, irradiated in resp. thermal and
epi~-Sm spectra. Fission ptéducﬁ identification is made without
chemical separation ; only gamma energies and lifetimes are used
for this purpese.

Significant variations bf’thé mass distribution for
epi-Sm induced fission are observed for more than 7 mass numbers.

The decrease in symmetric fission, as

observed previously, is cbnfirmed. In addition, evidence for
a narrowing of the mass distribution is also found. This could
be related to the increase of (0.73 + 0.04) MeV in the total kinetic

energy of the fission products of the epi-Sm fission of 239?

u,
as compared to thermal neutron fission (J. Toraskar and

E. Melkonian, Phys. Rev. 4C, 267, (1971).

¥ Departement Natuurkunde, K.U. Leuven




PROGRESS REPORT to I.N.D.C.
from GREECE

August,1974

Edited by

S. Dritsa
N.R.C. "Demokritos"
Athens, Greece




2.

- 12 -

Gamma-Ray Spectroscopy

P.A. Assimakopoulos N.R.C. 'D',, G. Andritsopoulos
and N.H. Gangas, University of Ioannina, A.Hartas and

C.T. Papadopoulos, N.R.C.'D' and University of Iocannina.

Nuclei in the £ 7/2 shell were investigated through the
inelastiC gcattering of protons and the (p,n) reaction:
The protons were obtained from thevDemokritos' T 1I1/25
Tandem Van der Graaff accelerator. The information was
extracted from singles gamma-ray spectra taken at a series
of angles with respect to the incident proton beam.

From these sepctra exact energies of transitions, branching
ratios and in favourable circumstances, spins and mixing
ratios were extracted. In addition half-lives of excited
states were determined by performing Monte Carlo simulations
of Doppler shifted peaks.*

A systematic study of the odd Copper and odd Zinc isotopes is
currently under completion.

x 0 0+-—a>1+ inelastic transition in 12C induced by complex
particles ", P.A. Assimakopoulos, G. Andritsopoulos, N.H. Gangas,
Bull. Am. Phvs. Soc., Vol. 19, 1974 (431).

Spin-iso-spin flip reactions.”

P.A. Assimakopoulos, N.R.C.'D!', N.H. Gangas and G. Andritsopoulos
University of Ioannina, A. Hartas and C.T. Papadopoulos N.R.C.'D!

and University of Ioannina.

The inelastic scattering of nuclei of the form 4 + na ,

( n= 0,1,2..), is being carried out. The d above, denotes a
proton-neutron system in the triplet state and a the nucleus

of 4He. Examples of such nuclei are 2H, 6Li, 108 etc. These
nuclei exhibit a J =0, T =1 state in the vicinity of 2.5 MeV
and the population of these states requires a 4J=AT =1 transition,

so that in a microscopic picture only the Majorana term

(01“5)(?f12) of the two-nucleon potential is expected to contribute.




4,

wn
wad
i

The aim of this research is to investigate systematically, the
Majorana term of the two-nucleon potentail in a nuclear environ-

ment of spectator a ~-particles as in the cases described
above.

* Activity financed in part by NATO contract SA;5-2-05B(694)823(74)MDL.

Excited States in 107Aq from the decay of 107Cd.

T. Paradellis and C.A. Kalfas.
The decay of 107Cd has been studied with Ge(Li) and Si(Li)
detectors. Thirty three gamma rays were: observed in this
decay. Gamma -gamma directional correlation experiments

were used to determine spins. Exited states have been located at
933(7/2%), 125.4(9/2%), 324.8(3/27), 423.0(5/2") 786.7(3/27)
922.1(5/2%), 949.7(5/27), 972.9(7/2", 5/27), 1143.0(5/27),
1223.0(5/27), 1258.8(5/27), 1325.7 (5/27) kevV.

A tentative level has been introduced also at 1389.8(7/2+) keV.

Y=Y correlations in 1508m

C.A. Kalfas, T. Paradellis, A. Xenoulis.

Using a proton beam from the Tandem Van der Graaff accelerator,

a natural Nd target was bombarded to get 1SGPm by the Nd(p,n)Pm
reaction. The gamma spectra from the decay of the 1SOPm to 1SOSm
have been measured. Studies of mixing ratios using (y, y* )

correlation techniques, are in progress.
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1. EXPERIMENTAL WORK
A. Neutron Peactions
Al Padua Group

165HO

A.1.1. Forward scattering of 2 MeV neutrons from oriented

The scattering in the forward emisphere of 2 MeV neutrons from a
« ]65H0 sample oriented normally to the scattering plane, with a nuclear
. orientation degree of 0.25 was measured. A deformation effect given by
{tc?(t) oriented/é(i)iuncrientedf -1, reaching its maximum value of
0.13+0.02 at 70° is observed.

A.1.2. Fast neutron trarsmission throuah a polarized Holmium target

The transmissicn of fast neutrons through a polarized holmium
sample is measured. A “deformation effect" is observed in good
agreement with a theoretical prediction.

A.1.3. Polarization of neutrons elastically scattered from Nxygen

A systematic measurement of the polarization of neutrons
elastically scattered from 160 was carried out at seven angles from
25° to 155° at the energies of 2.25, 2.56, 2.76, 3.00, 3.35, 3.56
and 3.90 MeV using the PAROL polatimeter.

~ In the experiment the polarized neutrons were produced from
the 7Lf(p,n), ]2C(d,n) and 0{d,n) reactions, and the target was liauid
oxygen. |

The data correction and analysis are in progress.

R.2 Trieste Croup

12C 12

A.2.1. The {n,n}) “C reaction

‘The elastic scattering of neutrons from carpon was studied in the
incident neutron energy range 1.98 to 4.64 MeV. PAngular distributions
were obtained by means of a neutron time-of-flight spectrometér. Data
were taken for eight energies and for thirteen scattering anales. A
phase-shift analysis was cafried out and a set of phase angles capable

of reproducing the elastic data was obtained.
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A.2.2. Elastic scattering of fast neutrons by 6Li

The angular distributions of the neutrons scattered by 6Li have
been measured by means of a neutron time of flight spectrometer, for
eight values of the incident neutron energy in the interval from 1,98
MeV to 4,64 MeV. The angular distributions have been determined at
thirteen angles in the interval from 30° to 140°, in the laboratory
frame of reference. The differential and the total elastic cross-
-sections have been then deduced from the anqular distributions. >

B. Charged Particle Reactions

B.1 Padua Group

48 50

B.1.1. Analogue resonances in Ti+p reactions

49

v

The analogue states of the 1.72 MeV J"= 1/2° level in *°Ti and )
of the J"= 372" °lri ground state are studied via the (p,p) and (p,x)ﬂ
reactions on 48Ti and SOTi » respectively. Partial and total widths B
are given and spectroscopic factors are calculated. The elastic proton
widths rp correspond well with the results obtained from (d,p) reactions
on the same target nuclei. The strengths and y-ray branching ratios of
the above mentioned resonances, together with the doublet at E_=1007 and
1013 keV split analogue of the 1384 keV level in *°Ti (J™= 3/27) have
been studied. Excitation energies and branching ratios of 49V and 5]V
bound states are also given. The results are compared with the ones
obtained from other similar in.:stigations.

B.1.2. Lifetimes of the first 7/2° levels in 35¢y ang 37

35

C1

The lifetimes of the first 7/2° levels in S°C1 and 3/C1 were deter-

mined to be 42+3 ps and 27+4 ps respectively by means of the plunger
technique in the reactions 3ZS(a,p) and 34S@x,p). Gamma-rays were detected
at 0° in coincidence with backward protons. The experimental M2 transition
strengths are in agreement with the prediction of phenomenological shell-
-wave function. ;

B.1.3. Spin-parity determination from neutron threshold measurements and

the second extited state of 44Sc

The "counter ratio method", i.e. the ratio between slow- and fast-
-neutron yields has been used in the
and parities to some s levels. The

44Ca(p,n)445c reaction to assign spin

44Ca(p,n)MSc reaction has been
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investigated by using the proton beam of the Van de Graaff accelerator
of the Laboratori Nazionali di Legnarb} The resugfé;are consistent with
the following spin-parity assignments to 44Sc Jevels: .round state (2*),
68 keV state (17), 146 keV (07), 667 keV (17). Of special interest is
the 0 assignment to the second excited state at 146 keV.

B.1.4. Study of °°

52

Mn by heavy-and light-ion reaction

. The “"Mn nucleus has been studied by means of the following reactions:
5]V(t,Zn)Sr"!“'n (at the Van de Graaff of the Laboratori Nazionali di Legnaro,
Padova) and 24Mg(328, 3pn) 52Mn (at Munich Tandem).

From the study of )~y coincidences, y-ray angular distributions
and excitation functions (these last in the T-induced reaction), high-spin
states are proposed at [ =1492, 2908 and 3837 keV with J7=(8"), (hy,(m*.

52 52

B.1.5. 5]\1("He,d) Cr Reactions and Shell-Model Calculations for ““Cr

Angular distributions of the (3He,d) reaction on S]V have been
measured at 10.48 MeV with a counter telescope. Spectroscopic factors and
values of 52Cr levels up to 7 MeV excitation energy were obtained by
comparing the data with distorted wave Born approximation theory. Some
unreported levels excited by {=1 proton transfer have been observed.
Shell-model calculations predict well the 1f7/2 spectroscopic strength, but
fail in reproducing the observed 2p3/2 strength.

B.2. Trieste Croup

3301 through the 325(p,n)325 reaction

33

B.2.1. Study of the T=3/2 states in

The study of the three Towest T=3/2 states in ““Cl1 has been completed,
allowing to propose the istpih_ T=3/2 for the states at Ex=(5556132)’
(6998+12), (7414+12) keV (3"=1/2%, 372%, 572" respectively). The excitation
energies cf the three levels correspond to an incident proton energy of
(337041), (4855+3), (5284+43) keV respectively. The experiments haye been
performed by using the facilities of the 5.5 MeV accelerator of the “Laboratori
Nazionali di Legnaro" (LNL). The elastic excitation function has been
analyzed as a superpcsition of a background scattering (described by a spherical
optical model) and of a resonant term (described by a simplified multilevel

Breit-Wigner expression).
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B.2. 2 Gamma decav of the lovest T 3/2 state of 3“C1

A study of the gamma decay of the T=3/2 states of 3361 has been
nerformed by measuring first the gamma decay of the lowest T=3/2 state
(J -1/2 x-(5556112) keV).the level has been reached by means of the

S(p,J)33C] reaction, at an energy'of the incident proton of 3374 keV.
By using large Ge(Li) detectors, the decay has been studied deriving that
the T=3/2 level decays with a branching ratio of 92% to the J —1/2
E =809 keV first excited state of 33C1, and of 8% to the J =3/2" ground
state The radiative width has been also determined.

8.2.3.-L?He,n) Reactions

24Mg(SHe n)26Si and 28 Si( He n)305 two nucleon stripping reactions

3 = 4.7 and 5.5 MeV, using the pulsed-
-beam time-of-flight technique with the s?ncled charged 3He beam provided by
the 5.5 MeV Van de Graaff accelerator of the "Laboratori Nazwonalt di Legnaro”.
The angular distributions were obtained, in an angular range from 9=0° to
7=150° (in the laboratory system), for neutrons from: the ground state

(J =0* ), the first-excited state (J =2 =1 79 MeV) and the second-excited
state (J =2t, E =2.78 MeV) o 2651 H and for neutrons from: the ground state
(J =0t ). and the f1rst ~excited state (J =2t E =2.21 MeV) of 30 . The analysis
of the data has been made by using the DNBA programme DWUCK.,

~ The
vere studied at 1nc1dent energies of F

B.3. Catania Group

26

B.3.1.'(3He,u) reactions on 24Mg, 25Mg and " Mg

The angular distributions of the X groups emitted in the
Mg( He u)23Vg reaction, have been measured in the mmasursthriewdbo angular
range 25°- 160° at /.-=5° steps and from 9 to 12 MeV of incident energy at .
100 keV steps. L
The energy averaged angular distributions are interpreted in terms
of D.W.B.A. theory.

24

B.3.2, Spectroscopic information from subcoulomb stripping reactions

It is known that the spectroscopic factors 'Sdp extracted by means
of the (d,p) reactions for deuteron and proton energy below the Coulomb
barrier, are practically independent on the optical parameters of the incident
and outgoing particles.

Nevertheless, alsc in these conditions, the absolute values of the
spectrospin factors are dependent on the geometrical (r n® Qn) parameters
of the captured neutron potential well.
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In order to reduce the ambiguity on the ahsn]ute of ﬁdp ve determined
the parameters ron’on in an independent way; they has been made through a
comparison of the calculated and the experimental values of the Coulcmb
displacement energy between an analog state and the parent one.

In particular we analyzed the 40Ar(d,p)4]Ar reaction data; the

measurement of the 22Ne(d,p)23Ne reaction is in progress.

B.3.3. Three bodies reactions in the final state

We studied 'Li+d>2 +n at Ed > 2.5 MeV. Ye measured the bidimen-
sional spectra and angular correlation of the = particles.

The reaction proceeds by the formation of an ~- n complex in the
final state, selected by the o -o ceoincidences.

The complexes are produced polarized and the polarization degree is
deduced from measurements at various azimuthal angles.

The Angular correlation of twe = particles nroduced by 1]B+p*3w
reaction has been measured at Ep=0.C + 1.95 Moy,

We found that he correlation curves are simmetric with respect to
the direction of the recoiling 889 in the centre of mass system.

These results indicate that a double sequential decay with 12

C
compound nucleus formation is involved.

B.4. Milano Group

B.4.1. Preformation probability of = clusters in nuclei measured by means

of (p,x) reaction

Carrying on a previous research, (p,~) reactions on many elements,
in the rare earth region at Ep=18-20 MeV have been studied. The experiments
were performed at the Munich MP tandem Van de Graaff Cenerator and at the
AVF Cyclotron of the University of Milano.

The analysis of the spectrum shape anqular distribution and cross-
-section absclute values shows that the dominant acting mechanism is the
pre-compound one, only in some cases a contribution from statistical eva-
poration is present.

B.5. Pavia Group

B.5.1. An experimental research on the asvrmetry at small angles (GLAB<210°)
in the elastic scattering of 40 MeV polarized protons on nA nuclei 1is
being done on the Milan AVF cyclotron using a diffusion cloud chamber.




- 40 -

C. Fission Studies
C.1. Catania Group

.1.1. Nuclear Fission

(]

We have in progress measurements of fission induced by photons of
EX nax= 1000 MeV with the aim to obtain infcrmation on the photofission
yields also for elements with low 7 . "
At present we have measured the yield of photofission for 28
elements in the range Z=83 tc Z7=29 . The photon beam was obtained
from 1 GeV electrosyncrotron of Frascati and the fission fragments were
detected by means of giass nlate sandwiches, as previously described.
The analysis of the results are in progress.

€.2. Milano Greup

C.2.1. Proton Induced Fission of Pb207

Angular distribution of fission fragments have been measured at
incident proton energies Ep=36.4, 39.6, 43.4 MeV for the reaction Pb207

The experiment has been done with the external proton beam of the
AVF cyclotron of the Milan University.

(p.f).

The experimental apparatus consists of a scattering chamber with two
moving detectors at 30° each other, and one detectors, set at 90° with
respect to the incident beam, as reference monitor.

The fission fragments are detected with solid state counters Ortec
7901 of 60 um depth and 100 mm’ sensitive area.

The L.S. cross sections and angles are converted to the C.M. system
assuming fragments mass corresponding to symmetric fission.

The Q-value is given by 0= <E R (Ep)c where the average frag?7gt
kinetic energy is evaluated accord1ng to the formula <E\>= (0.1071 2 /A +22.2)
MeV where Z and A refer to the fissioning nucleus.

A first analysis of experimental anisotropies with the Griffin formula

gives an extimation of the anisotropy parameter Kg of the order of 40 for

the fissioning nucleus pi208, *

€.3. Pavia Croup

C.3.1. Angular distribution and angle-energy correlations of 4He. 6He and

3H particlies from 239Pu thermal fission

6 3

The angular distributions of "He and “H particles have been measured.

The characteristics of the results cbtained show that the emission of 3
He and 6He derive from only one mechanism. In addition the angle-energy
correlaticn makes clear that the long-range particles emitted during the

4
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thernary fission assume less or more energy according to the emission
distance from either fragment. The energy interval observed in the case
of tritons is limited from 3.5 to 7 Mev.

D. Integral Measurements

D.1. Casaccia Group

D.1.1. The 23Na(n,2n) cress-section in a fast spectrum

Previously reported inconsistencies between integral and differential

measurements for 23

Na(n,2n) reaction suggested a new measurement in the centre
of the TAPIRO fast source reactor. For the present work a high purity sodium
sample was irradiated in a fast spectrum with an integrated neutron flux of
about 5 108 nvt. 58Ni(n,p) and 63Cu(n,q) reactions were used as integral flux
monitors.

Relative to the 58Ni(n,p) monitor, the 23Na(n,Zn) cross section
averaged in a fission spectrum has a value of .0043+.0008 mb and the effective
Cross section in the energy group above 6.5 MeV is .260+.05 mb.

If the results are expressed in terms of the 63Cu(n,oc) reaction, consi-
stency is found if the Fabry integral data are used, while a 40% discrepancy

is observed with the differential data by Simons and McElroy.

II. EVALUATION

1) A11 the evaluation work is carried out at the Centro di Calcolo of
CNEN, Rologna, and reported in the Neutron Nuclear Data Evaluation
Newsletter.

2) The NDF of Cu, Cu-63 and Cu-65 has been completely debugged and the
data will te sent to the CCDN in UKNDL format before the end of
October 1974 for free distribution.

3) The other activities underway have been temporarily stopped, and
all the efforts at present are devoted to produce a complete evalua-
tion from thermal up to 15 MeV of the following 24 F.P.:
Mo-(95,97,98,100); Tc-99; Ru-(101,102,103,104); Rh-103; Pd-(105,107);
Ag-109; Cs-(133,135); Pr-141; Nd-(143,145,146,148); Pm-147; Sm-(149,
151); Eu-153.




ITI.  NEW FACILITIES

The fast-thermal RB-2/TV reactor went critical at the beginning of
September 1974 in Bcologna.

In the framework of a joint CNEN-AGIP/N-CCR/ISPRA-CEA agreement,
integral measurements based on the null-reactivity method will be carried
out during the 1575 in order to have experimental values of capture integrals
of Fe, Ni, Cr in neutron fluxes having energy spectra similar to those of

large fast reactors.
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ANNUAL REPORT FOR THE YEAR 1973

REACTOR CINTRUM NEDERLAND, PETTEN, THE NETHERLANDS

FOM-RCN Nuclear Structure Group
(K. Abrahams)

*%)

Neutron Resonance Spins of 235U (E.R. Reddingius*), H. Postma ',

C. Olsontm*), D.C. Rorer****) and V.L. Sailor****).

During a stay as guest scientist at the Brookhaven National Laboratory
from January 1972 to October 1972, one of the authors (E.R.R.) took
part in the experiment reported hereunder. In the first half of 197%

the final evaluatlon was made and a publication prepared.

Neutron resonance spins of 235y were determined by measuring the
transmission of polarized neutrons through a target with polarized
235y nuclei. The experiment was performed at.the High Flux Beam
Reactor of Brookhaven National Laboratory. A beam of polarized
neutrons was obtained by Bragg reflection from a magnetized Co-Fe’
single crystal. The best spectrometer resolution obtained was 0.4 eV
at 10 eV neutron energy. The direction of the neutron spin polariza-
tion could be reversed. The intensities of the transmitted beam (for
parallel as well as antiparallel polarizations of neutrons and nuclei)
were measured.

The sample was prepared by pressing 7.8 g uranium monosulfide and an
approximately equal amount of lead powder in a die. Uranium enriched
to 99.99% in 235y was used in order to reduce the heat production
from a-decay of 23%y as much as possible. The sample was cooled by
adiabatic demagnetization of iron alumn grown in a bundle of copper
wires for good heat contact. After adiabatic demagnetization data
were taken during about eight hours. During this time the sample
warmed up from 0.04 X to slightly above 0.1 K. During the experiments

the sample was in an external magnetic field of 28.7 kOe.

O s . s S G e S e . e

*) FOM-RCN Nuclear Structure Group, Petten (N.H.), The Netherlands;
until 1 July 1973,
wx) State University of Gromingen, The Netherlands.

*¥¥)  Los Alamos Scientific Laboratory, U.S.A.
*¥*¥¥x) Brookhaven National Laboratory, U.S.A.
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Experimentally the transmission effect, € was determined.

Nts = MV
€ = o (1)
N+t + Ntv ) S .

where N#4 and Nt+ are the numbers of counts with parallel and anti-
parallel polarizations neutron and nuclei. For low values of the
nuclear polarization fy and neglecting the influences of spectro-
meter resolution and neutron depolarization in the sample, the

transmission effect can be expressed as

€ = *fanNotp. . ' . | : {2)

Here f,; and fN are the degrees of neutron and nuclear polarizatipn,
N is the number pf nuclei per cm3, o is the neutron capture cross
section and t is the ta:get thickness; The barameter,p is I/(I+1)

for a resonance with spin J=1+} and p is -1 for a J=1I-} resonance.
In practice several reSOnanceé contribute to the capture cross
section and the spectrometer resolutibn has to be taken into account.
‘In that case the analysis is more complicated and a computer pro-
gramme has to be used to analyse the data.

The degree of neutron polarization at the sample position was deter-
mined by measuring the transmission effect of an indium sample which
was also attached to the sample holder. For 1151n}nuc1ei the degree
of nuclear polarization in the external magnetic can be calculated
(brute force polarization). The value of Not was measured and the o
véiues are known. Hence f  can be estimated using Eq. 2.

The degreec of nuclear polarizat;9n qf;the 235y nuclei can in principle
be calculated from the known internal magnetic hyperfine field in US.
It can also be estimated from the transmission effects of the most

prominent resonances of 23%U using Eq. 2..

In our experiment we obtained fn = 0.50 and fy = 0.055.

?he‘thickness of the sample was such that Not was 1-2 for the most
prominent resonances. Inserting these numerical values in Eq. 2 shows
that transmission effects of few percent cam be expected which are

positive or negative depending on the spin of the compound nucleus.

The final results arc listed in table I and compared to results from

a) an earlier experiment with polarized necutrons and polarized

nuclei [1];
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1.3.

...45...

b) resonance scattering experiments 12,3l;
c) intensity of primary gamma transition experiment lA';

d) intensity ratio of sccondary gamma transition experiment IS!.

It is clear that several new spin assignments have been obtained and
that the results presented here, compare reasonably well with the

results of the experiments mentioned above.

A study of the Cu(n,y) reaction
(J. Kopecky)

During the last few years the low lying excited states of the odd-odd
nucleus %%Cu have been the subject of several experimental investi-
gations. Inspite of all these efforts, the knowledge of the decay

scheme and in particular of the spins is scarce.

In order to extend the spin assignments, the circular polarization
of y-rays from the capture of poiarized thermal neutrons has been
measured for primary transitions with EY > 5 MeV and IY > 0.01.
The results are given in table II for the ®3Cu(n,y) lines and a few
strong 85Cu(n,y) lines. The analysis of 12 primary transigions in
6%Cu yielded 2 unique spin assignments and 8 probable spin values.
No correlation between the (d,p) strength and the (n,y) reduced
transition strengths has been found, and a simple explanation in
terms of Porter-Thomas fluctuations cannot be excluded for the
strong spectra anomaly in the thermal capture. This work has been
published in |16].

The 50Cr(n,y)5lcr reaction

(J. Kopecky)

The analysis of the (n,y) spectrum from a target enriched to 96.8%

in 30Cr has been completed. The sample was on loan from the Oak Ridge
National Laboratory. From 72 transitions ascribed to the 5°Cr(n,y)510t
reaction 62 transitions have been placed into a newly constructed

decay scheme.

Transition energies, absolute y intensities, 25 excitation energies,
the reaction Q-value (9261.7+0.7 keV) and.branching ratios have been
determined with a higher accuracy than in earlier work. For the 8
strongest primary transitions the measured intensities have been com-

pared with those, calculated in the frame of the valency neutron

approach. Shortly the data will be rcady for publication.




Table I. Neutron Resonance Spins of #3°U
J
E €
n present previous .
0.275 -0.515 & 0.025 3 3@
1.14 +0.618 + 0.019 A 48 7
2.04 -0.88 % 0.13 3 3¢,d, (a)
3.15 -0.72 % 0.14 3
3.61 +1.61 + 0.16 4
4.85 +1.09 + 0.06 4 44 (c)
6:15 -0.18 # 0.05 3
6.39 | +1.39 2 0.23 4 44, 3¢
7.08 +0.79 % 0.10 4
- 8.79 +1.30 * 0.13 4 (+30% 3) 3b
9,28 +0.94 + 0.14 4
10.16 +0.51 + 0.10 4
11.67 +0.34 % 0,07 4 4b»d
12.39 -1.09 £ 0.10 3 3b,d
14.0. | -1.18 % 0.22 3

a) Polarized neutrons, polarized nuclei.
b) Resonance scattering.

c¢) Intensity of primary gamma transitions.

d) Intensity ratio of secondary gamma transitions.
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Fxnerimental situation Zn isotopes
N }

(J. de Boer)

Circular polarizations of the three Zn isotopes 64, 66, 68 have been
measured and + 20 spin assignments can be expected of which 307 are
already krown. The remaining 707 are new or confirmationms.

The single spectrum measurcments are difficult to analyse in the low
encrgy region because of the Cd contaminations (300 ppm) in the samples.
At this moment the isotopically enriched samples are purified chemi-
cally. A part of the single spectra will be remeasured.

A preliminary analysis of the 64%7n(n,y)©°Zn reaction shows the following
results: Ey = 0.115 3" = 3/,7, E_ = 0.867 J' =1/, E, = 2,20 J" =
17,7 Bx = 2,42 3" = 3/,7, B, = 2.49 J" = 1/ =, In fig. 1 the decay
scheme is given.

The last three levels are believed to belong to the reaction but the

final proof must come from single spectrum measurements.

The reaction 35C1l(n,y) with polarized thermal neutrons

(A.M.J. Spits)

A preliminary analysis of the spectra of the circularly polarized
y-radiation following polarized neutron capture in735¢C1, revealed

a discrepancy between the values of the polarization parameter R

of some y-transitions and those found in older, less accurate work
performed in Risé on the same reaction |17].

For the level with Ey = 1164 keV the angular correlation coefficients
found by Van Middelkoop and Spilling !lein their angular correlation
measurement on the same reaction, is conflicting with the respective
R-value (R = 0.68:0.04). Besides, for the level with E, = 2864 keV,
the R-value found (R = =-0.16%0.04) excludes the established spin- -
parity J" = 3 if one assumes the capture mechanism to proceed ex-—

clusively by way of the well-known negative energy resonance with

J" = 2*. In order to clarify the situation and further to improve

the accuracy of the R-values, the mcasurement has becen restarted,

results are not vet available.
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1.6, The 29Si(n,y) reaction
(A.M.J. Spits)

By analysing single spectra of y-radiation, resulting from thermal-
neutron capture in a silicon-dioxide sample enriched to 957 in 29si,
the accurate excitation energies (0.14-1.5 keV errors) and branchings
of 18 levels of 30Si, were determined. Two new p-states at 9620 keV
and 9792 keV were found. From this analysis also thé raéio of the
thermal capture cross sections of the 28Si and the 29Si isotopes
could be deduced by normalizing the 39Si y-ray intensities in such >
a way that the sum of the primary y-ray intensities equalled 100.

An error of 47 was assumed to be associated with the normalization

factor. The ratio ocap(ZSSi)/acap(zgsi) as following from the

293i(n,y) spectrum (28Si contaminated) was found to be 1.70£0.13,

whereas the value following from the natural Si(n,y) spectrum was

1.,41£0.17. A weighted average of 1.59:0.14 has been adopted. The

cross sections were put on an absolute scale by using as targets

a mixture of Al and Si and a Na,Si0, target.

From the first measurement followed ccap(zasi) = 156+23 mb, the

second yielded 163457 mb, a value of 157+21 mb has been adopted as

a final result. A value for ocap(29si) of 99+16 mb follows.

Cross sections used as standards were Ocap(Na) = 536+8 mb and

Ocap(Al) = 23943 mb from ref. [19]. The capture cross sections of

28gj and 29si given above contradict the values given in the

literature |19], 80+£30 mb and 280190 mb, respectively, but are

consistent with the literature values of the thermal capture Cross

section for natural silicon, 160:£20 mb [19].

A good correlation between (d,p) strengths and (n,y) primary reduced
widths for the set of nine La(d,p) = 1 states excited both in the
(d,p) and (n,y) reactions was found, if as reduction factor for the
intensities, E;l‘s was used instead of the usual one, E;3. This is
shown in fig. 2, in which the (d,p) strengths (black lines) com-

pared to the (n,y) strengths (open lines) for the two cases mentioned.
The (d,p) strengths are taken from ref. [20|. This confirms an earlier
observation for channel capture in the mass region A = 25~ 50.

An explanation of this behaviour might be found in an article by

Lane and Lynn |21| according to which the partial radiation widths

for capture to 2,(d,p) = I states are proportional to E, for potential
capture and to E k) for reson. nce channel capture. (See also par. 1.7.

of this report).
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with rospect to Q(d,p) = | levels of “9Si only.
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A circular polarization measurement has given the R-values for

three levels of 30Si. The results are shown in table III,

Because of the high correlation coefficient for the sets of re-
duced (n,y) and (d,p) strengths for p-states (p = 0.94; see fig. 2),
the measured polarization R yields for the above levels the relative
2p3/2 strengths B as defined by B = 83/2/(51/2+ S3/2), where 81/2
and 83/2 denote the 2pl/2 and 2p3/2 reduced widths, respectively
(see par. 1.8. of this report).

These results can be compared to the predictions offered by a simple
shell-model calculation. Two active neutrons outside an inert 28gi
core were considered, one in the 231/2 or ld3/2, the other in the
lf7/2, 2p3/2, 2p1/2 or lf5/2 subshells. In this calculation only the
states with odd J have mixed configuration, i.e. the five J" = 1~
and the five J" = 3~ states (there is only one J' = 5= state).

A part of the results is presented in table IV. It is seen that

most of the 2p3/.2 J=1 strength is concentrated in the level
situated at Ey = 6.46 MeV (experimentally this is the Ex = 6.74 MeV

level) whereas the 2p1/2 strength is distributed over three or more
levels.

The same is predicted by the "sum rule" as derived by Abrahams |22|
and applied to the results of table III, as well as by the fact
that the weighted spectroscopic factors for the 298i (n,y) reaction

summed over the candidates for the (251/22p1/2) doublet (J7 = 1~

“and 07) do not yield the (d,p) spectroscopic factor for the "parent"
state in 295i, i.e. the E, = 6.38 MeV level.
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Table ITI.  Circular-polarization results for 3051 bound levels

a .
Ex ) I a) 1,b) R ©) apjcive.pol. @) Jm
(MeV) (2)
< -
6.74 30£3 11 (-0.410.08 | 2py ., [2>(0.9420.06)] 17 e)
« 7.51 2312 |1 1-0.360.08 | 2p; . 17>(0.91£0.06)] | (1,2)7 £)
8.16 7.3:0.6/ 1 |+0.57+0.35 2p1/2[f'r?<(<w.3 +0.2 )] 1= g)

a) The excitation energy of the level is denoted by Eyx and the in-
tensity of the primary transition to this level by I,.

b) Ref. |20].

c) The possibility of a systematic error resulting from depolariza~-
tion of the beam through scattering from hvdrogen is not accounted
for.

d) Here B stands for the relative 2p,/, strength defined by
53/2(51/2+S3/2) and is calculated from the formula g = (2-2R)/3.

e) Ref. [23].
f) Based upon £, and R.

g) Based upon .,» R and the existence of a ground-state transition.
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Table IV. Comparison of experimental and theoretical parameters
for J" = 1~ states of 398i.
Experiment Theory
i | . . . a) a)
J Ey (MeV) Main configuration | Ey (MeV) 83/2 $1/5
(17,27) | 10.20 (13, 2y )52, | 10.39 [0.005 | 0.010
(72 .79 b) I i 9.62 [0.04 | 0.22
- f ( 4372 1575 321 ) ' )
(] ’2 ) 9062
(17,27) 8.95)
) jb) (1d3/2 2p3/2)J=1 8.91 !0.01 0.37
(1,2) 8.90
1- 8.16 (251/2 2p1/2)J=l 8.50 [ 0.22 0.33
- .46 ] 0.73 0.07
1 6.74 (251/2 2p3/2)J=l 6

a) Relative strengths of the 251/2 2p3/2 and 251/2 2p1/2 components,

respectively.

b) The two possibilities are listed.
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1.7. The (d,p)-(n,y) corrclations in the mass range A = 24 - 80
(J. Kopecky, K. Abrahams, F. Stecher—Rasmussen and A.M.J. Spits)

For potential and channel capture of thermal neutroms the partial

cross section c? to the p-states is proportional to the (d,p) single
. . 2 ..

particle width Of and y—-transition ecnergy Eyz

ob = CG?

f f

1.5
[E + AEZ + BE . (3)
y Ty y

According to Lane and Lynn 1211, the first term originates from the
potential capture, while the other two terms represent the channel

capture and its interference with potential capture, respectively.

Consequently in a correlation analysis the partial cross section
should Be generally reduced with the energy dependent factor of
formula (3), instead of Ei as hitherto has been used. A good approxi-
mation for this factor is E;k, where for k holds I £ k £ 2. In fact
Spits [24] observed, that k ~ 1.2 is a good choice for the light
nuclei and suggested a general dependence of the reduced matrix

element in the Weisskopf estimate.

The properly reduced correlation coefficient p is plotted versus A
in fig. 3. The thick and thin bars represent pure statisticalrerrors,
and combined statistically with sample size errors, respectively.

For k a compromise value 1.5 has been chosen, which especially for

A<50 gives a significant improvement over k =3.

Except for °ITi, 57,5%Fe and 83Ni the correlation is significant
below A ~ 69 for all odd -A prpduct nuclei. For heavier nuclei the

correlation disappears.

Generally the even -A product nuclei are much less correlated, which

is in accordance with the theory. In fig. %4 the correlation coefficient
n,y

2 . . .
ons = I o%p. The correlation is high only for low A-values and low

cross sections, where the potential capture seems to be probable.

o ﬂk.=l.5) is plotted versus the fraction of ¢ to the p-states

Four nuclei (“"ca, 50Ti, 56Mn and 58Fe) are exceptions to this rule
and they are likely candidates for channel capture. The drawn line
. . 2 .

in fig. 4 shows the (p,ons) dependence under the assumption, that

the function of ois below 0.56 is always connccted to pure potential

capture.
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Seven significantly correlated nuclei (28a1, 39si, 32p, 38c1, 507y,
56Mn and 58Fe) have been studied in more detail (see e.g. fig. 2 of
par. 1.6.). It has been shown for all nuclei studied, that the transi-
tions to the higher energy levels are responsible for the effect.

A letter publication is being comsidered.

The (n,y) channel spin interference and the structure of p-states

in even A nuclei

(K. Abrahams, J. Kopecky and F. Stecher~Rasmussen)

Interference of channels with spin. J, = Jtii has been found for capture
of slow neutrons (K. Abrahams, contribution A21, Budapest Conf. 1972).
For example in case of polarized neutron capture the extreme value R of
the circular polarization of the emitted dipole radiacionkis defined by:
4R~1 = 3cos(2r+f). Here a = cos?r is the relative rate of ‘the transitionm,
which proceeds via channel spin Jo = Jex}, and the phase factor f is
determined by the spins Jt and J¢ of target and final state. The

function R(a) is an ellips ranging from -0.5 to +1.0.

If the reduced (n,y) strength is highly correlated with the (d,p)
spectroscopic factor for p levels, it can be shown that: cos(2r+f) =
(81/2-83/2)/(81/2+S3/2). Here 81/2 and S3/, are the p,, and P3/2
spectroscopic factor. In this case R does no longer depend on the

spins Jg, J. and Jg. For all nuclei, with a good (d,p)=(n,y) correla-
tion, 81/2 and 83/2 can be derived for final p-states from the measured
R values. Such a measurement can be used to estimate the spin orbit
splitting for even A nuclei. This is demonstrated in figures 5 and 6
for some nuclei, which have been measured by the FOM-RCN Nuclear

Structure Group.

For the odd-odd nucleus °6Mn the first p} level appears rather close
to the ground state, just as for the odd'A nuclei in this mass region.
Another group of p} levels is found at higher excitation energy, just
as for the odd A nuclei. For all measured odd N nuclei in the mass

region 48<A<62 such a P1/2"P3/2 doublet has been found.

An even more convincing example is the even-even nucleus °8Fe, for
which the relative P/~ and p3/2~strengths have been determined for

15 levels., The fifures show that the Py/; levels appear 1-2 MeV above

the strongest P32 level. .
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1.9, An iupreved svaten of ncutron mirrors for producing an intense beam
3 [

of larise«d thoreal neutrons.

15

15

H

(F. Stecher-Rasouseon)

A study is being made of the possibility to increase the flux of
polarisced thermal neutrons emerging from a focussing systen of
magnetized neutron nirrors. At present such a system is placed in
front of a beam tube of the High Flux Reactor at Petten giving a
fluw of 3+107 nfem™ s on the sample.

It is being investigated now to install such a mirror system in
the thermel coluia of the HFR. According calculations based on the
present expericnces a flux of 3x10% n/cm® s, so an increase with
respect to the present system with a factor of 10, is expected.

A design is being made and mirror materials are being tested now.

It is ewpected that the new system will te in operation before the
end of 1975,
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RCY Reactor Phvsics Group

Inteoral measurements of fission product cross sections

(J.B. Dragt et al.)

Experiments

The project is aimed at integral measurements and analysis of fission
product cross sections in the STEK critical facility at Petten (ref.
{1} and |2]). During the first half of 1973 some previous cores were
rebuilt for some supplementary experiments. From the end of August to
early October measurements have been made in the core with the hardest
neutron spectrum obtained in STEK, the STEK-500 core. In spite of the
very limited time available, due to the fact that the reactor had to
be closed down for financial reasons at October 3rd, reactivity worth
measurements with a large fraction of the available samples and the
most important central neutron spectrum measurements could be completed,
The result of the STEK experiments are measured central reactivity
worths for about 60 different fission product isotopes and a few mix~
tures in five different fast neutron spectra, which were also measured

by several techniques.

A cooperation with CEA, France, on fission product capture in fast
reactor spectra, which started in mid 1972, was formalized by an

"Accord de Collaboration" in spring 1973.

Pseudo fission product group cross sections

As agreed upon in the Debenelux cooperation, cross sections of mixtures
of fission products have been produced by mid 1973 as an intermediate
result. For the SNR-300 calculations group cross sections for the mix-
tures of fission products - "pseudo fission products' - of the isotopes
235y, 238y, 239py and 2%1py after a burnup of 50.000 MWd/ton metal are
needed. The compesitions of these pseudo fission products were obtained
by a burn-up calculation. Cross sections were calculated on the basis
of the 26 group (ABBN scheme) RCN-1 set for 75 fission product isotopes

(ref. |3}). Alsc error calculations have been performed for this set
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(ref. |4]), by taking into account the uncertainties in the underlying
nuclear parameters. Also errors due to uncertainties in the number of
levels per energy group, Porter-Thomas fluctuations and errors in the
model - both systematic and statistical - were estimated for the cross
sections in the statistical region (above about 1 keV). The error calcu-
lations resulted in covariance matrices for each fission product mixture,
including the correlations between different mixtures (see par. 2.1.5.).
he group cross sections have becn compared with several other sets.
An example is given in fig. 1, where the deviations of four different
scts with respect to RCN-1 are compared with one standard deviation
¢l the RCN-1 set. Agrecment is reasonably satisfactory, although this

appeared to be due to a certain extent to cancellation of errors: the

agréement for isotopic cross sections is far less, and the RCN-1 set

secens inadequate for several of the separate isotopes, which necessitates

an improved evaluation (RCN-2, see par. 2.1.6.).

Neutron spectrometry

Since an accurate knowledge of the central neutron spectrum is indis-
pensaﬁfébfor the interpretation of the reactivity worth measurements,
several ‘meutron spectrometry techniques have been applied, which have
been and are being intercompared with others at Mol (ref. |5|). Final
analyses are not yet completed, but fig. 2 gives an impression of present

results for four STEK cores (STEK-500 is not yet available).

Integral sample reactivity worths

The pseudo fission product cross sections have been checked by comparing
calculated reactivity worths on the basis of the RCN-1 set with experi-
mental results obtained in four STEK cores for three different mixtures,
resembling the actual mixtures of a reactor, two of them obtained frem
burned fuel (HFR~1 and -2) and one from simulation (KFK). The quantity
of(interest is the normalized (with 252Cf source and 23U fission rate)
reactivity worth, corrected for finite sample size and inelastic scat-

tering contribution, viz. (in common notation)

7= [ o (B) a(r) +H(E)dE

Yo capture s Y a(eyar o 2y AT (FV4E
' wf’uf(a) e ()R DY () 4 (E)dE
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.

where'cé(ﬂ) is the fission product capture cross section of the mixture
per fissioned atom. A sunmary of results (more details give ref. !6',

! . . . . ’ .

;7{ and !8{) 1s presented 1n table 1. A statistical test, which takes

correlations between various errors properly into account, indicates a

good consistency between calculation 7nd experiment.

Adjusted group cross sections

The fair agrcement resulted in pretty small adjustments in the group
cross sections of both integral samples and pseudo fission product
mixtures, when the statistical adjustment technique is applied. For

this adjustment the existing correlations between all group constants

of all mixtures concerned (measured samples and pseudo fission products)
were calculated, using the error calculation scheme mentioned in par. 2.1.2.
Integral quantities, calculated from the adjusted set, appear to be

slightly more accurate than from unadjusted data.

Isotopic reactivity worths and cross sections

Final interpretations of reactivity worths of isotopes have not yet
been completed. Only a few tentative conclusions could be given (see
l7{). The problem of correcting for finite sample size has not yet been

solved completely for these measurements.

Much work has been done and is still being done on the RCN-2 evaluation
of fission product cross sections. It is based on very i12cent resonance
parameters at low energy and on Hauser-Feshbach theory with optical
model transmission coefficients in the statistical energy region.

There exist close contacts with other groups working on the same
problems (e.g. Italy, U.S.A., Japan) and an intercomparison of codes
for a sample problem is underway. The evaluation is primarily aimed

at captute and inelastic point cross sections, with some other cross

sections as a by-product.

Completion of the programme

It is expected that the first half of 1974 will be needed for the final
evaluation of all spectrum measurements and solving soma discrepancies,

which have been found, for caleulating the effect on reactivity worths

e

of

¢

inite sople wives and for sctting up the RCN=2 cross section codes.
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After that, in the sccond half of 1974 and early 1975, all isotopes |
(nearly 60) will be analyzed one-by-one, in a certain order of practical =
interest, which was agreed with Interatom. In the meantime some indica-
tions of the trends with respect to the results of mid 1973 on pseudo

fission products will be given.
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I. Institut de Physique, Université de Neuchétel

(Dir.: Prof. Jean Rossel)

1. Phase shift and Mixing Parameters for the

> . . :
D(n,n)D Scattering at Low Energy

D. Bovet, S. Jaccard, R. Viennet and J. Weber

It has been found that fits of equal quality may be obtained
by a splitting of the quartet phase shifts or by J-degenerate

phase shifts and mixing parameters {1}.

Computations are in progress to obtain prediction of angular
repartition of the Wolfenstein's parameters R, R', A and:A'.. .
It is hoped that one of these will be more sensitive than the

others to the type of model used for the analysis.

References

{1} Proceedings of the International Conference on Nuclear
Physics, Minchen 1973, Vol. 1, p. 331

D. Bovet, S. Jaccard and J. Weber

2, Neutron-Neutron Quasifree Scatterinpg at 14.1 MeV*

E. Bovet, F. Foroughi and J. Rossel

We have performed two breakup measurements from the D(n,2n)p
reaction at 14.1 MeV in the region of n-n QFS (Ep = Q). The
neutron beam produced by the T(d,n)*He reaction, using the
associated a-particle method {1}, is incident on a spherical

CeD¢ target. The breakup neutrons are detected in two NE 2153

liquid scintillators (15 x 15 x 4 cm®)placed at 120 cm from
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the target and at symmetric angles, eNl = GNQ’ ¢12 = 1800,
around the beam axis. Since in our kinematical situation the
energy of the proton passes through zero, it was not possible
to detect the breakup proton in the target (used as a scintil-
lator). Therefore particular attention was paid to other means
of background reduction. In particular, n-y discrimination {2}
was applied to the outputs of both neutron detectors and events
due to moderated background neutrons were suppressed by elec-
tronic biases. Moreover we have taken advantare of the fact
that at angles 30° < Oy N § 507, a '%C-based deuterated com-
pound used as a target does not produce any detectable contami-
nation in the kinematical region of interest. Separate measure-
ments with a graphite tarpet have confirmed the absence of un-
wanted correlations from competiny reactions. Moreover they
have shown that the background outside the region of interest is

the same as with the deuterated target (see fip. 1la).

The preliminary results are as follows (see fip. 1lb):

1) the differential cross section at GN1 = ena = 300 is compa~
tible with that obtained by Slaus et al. {3}, within the limits
of experimental uncertainties which are still rather large in

both experiments;

2) the differential cross section at 8 = 6 40° (exact pole

N1 N2
location Ep = 0) is approximatively 3 times smaller than that at
30° (Ep = 180 keV). This drop is similar to though more marked
than that found in the D{(p,?p)n reaction {U}.

More definitive measurements are in progress with a Ce¢D;, target.
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II. Institut de Physique, Université de Fribourg

(Dir.: Prof. Dr. O. Huber)

1. Study of the levels in ?33Th using the *??Th{(n,y)

reaction*

Jean Kern and D. Duc

A total of 112 gamma rays of the reaction ?’zTh(n,y).233Th
have been observed with the Fribcurg pair spectrometer in the
energy range 2.48 < EY < 4.8 MeV. This apparatus has been

described previously {1}.
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Fig. 1: Portion of the high energy 2%?Th(n,y) spectrum taken
in pair mode with the 20 cm?® Ge(Li) detector. The so-
1id line serves only as a pguide to the eye. Identi-
fied impurities are noted. The label "Bkg" is piven
to an unidentified peak observed in a backpground run,
the label "Imp" to a peak not present in the other

measurements.
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Two sets‘of experiments have been performed, one with a planar
3 em?® Ge(Li) detector, the second, with a coaxial 20 cm® Ge(Li)
diode. As shown in fig. 1, the energy resolution was 3.3 keV
FWHM for 4.2 MeV transitions in the second set.

The experiments were performed at the throughtube facility of
the reactor SAPHIR in Wirenlingen (EIR). At the external target

ey . 7
position, the thermal neutron flux was about 3 x 10' n / em? s.
The level scheme proposed in previous works {2}{3%} has been
extended. A value of U786.35 + 0.25 keV has been determined

for the neutron binding energy in 233Th.
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2. ~ Neutron Capture y-rays in 23°%Np*

V. A. Ionescu and J. Kern

The neutron capture gamma rays following the reaction
237Np(n,y)23®Np have been investigated. The measurements were
performed in an external target eseometry at the tangential beam
channel of the reactor SAPHIR of the Swiss Federal Institute

for Reactor Research (¢ = 2x107 n/em? s at target position).

The high energy spectrum has been investigated in the range
2600-5500 keV. The measurements were performed with a Ge(Li)-
NaI(Tl) pair spectrometer {1}. The existence of 71 transitions
has been established with an energy accuracy ranging between

0.15 # 0.18 keV. Figure 1 presents a portion of high energy

spectrum.
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Fig. 1: High energy portion of the 237Np(n,Y)??®Np spectrum
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The low energy spectra haVé been measured with the same detec-

tors operated as an anticompton spectrometer up to 1500 keV

and with a 2.4 em?® high resolution Ge(Li) detector {2} in the

range O + 700 keV. 3pecial care was taken to separate the low

energy neutron capture gamma rays irom the accompanying radio-

activity of 2%’Np, 2%%Np and 27%Pa. The existence of about 60 low

energy transitions was established with an accuracy ranging .
between .030 + 0.15 keV.

The neutron separation energy has been determined.
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3. . Study of the 2*'Am (n,y) 2“2Am reaction using a

pair spectrometer*

M. Gasser and J. Kern

The y-rays following the thermal neutron capture in 2“!Am have
been measured with the Fribourg pair spectrometer {1}, but

using a coaxial 20 cm® Ge(Li) diode as the central detector.

The use of this larger diode and of an improved electronic setup
resulted both in a better detection efficiency and better energy

resolution {2}.

The target consisted of 1.1g Am,0, powder, i. e. 3.4 ci 2*'Am.
The measurements have been performed on the reactor SAPHIR in
Wirenlingen. The target was exposed to a thermal neutron flux
of about 2.10' n/em? s for about 90 hours. A portion of the

Y-spectrum is shown in fig. 1.
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Fig. 1: Portion of the ?“'Am (n,y) ?"?Am spectrum taken with
a pair spectrometer. The time of measurement was about
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Intense lines from the ?7A1 (n,y) reaction originate from the
thin walled aluminium box containing the Am203 powder. These
Al-lines were employed for energy calibration purposes. The
complex spectrum has been analyzed in the region of 4.5 to

5.5 MeV (Q-value: 5.475 MeV). About 60 y-lines could be attri-
buted to the 2*!'am (n,y) 2“%2Am reaction. Ehergies and intensi-
ties of these lines have been determined. In order to establish
a reliable level scheme data from experiments like (d,p),(n,e ),

low energy (n,y) etc are needed.
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b, Nuclear Levels in !'&%7p+

Jean Kérn, G. Mauron, B. Michaud

The high enérgy y-ray spectrum from thérmal neutron capture in
natural terbium has been observed over thé"féﬁéé’of 5200 to
6400 keV with the PFribourg pair spectrometer. This apparatus,
whose main component is a 3 cm® Ge(Li) diode surrounded by a
20 cm diameter NaI(T1) scintillator has been described previ-
ously {1}. The resolution obtained in the two main experiments
are 4.0 keV and 5.2 keV FWHM for the 6218 keV transition (see
fig. 1).
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The same reaction has been studied over the range 22 to 1230 keV

with an anti-Compton spectrometer, which uses the same components

as the pair spectrometer, but different logic circuitry. The

reactor SAPHIR in Wirenlingen was used as the neutron source in

the_ﬁwo expgpiments. -

‘The data have been combined with a previous '3?Tb(d,p) investiga-
tion {2} and with the results obtained in the study of the (n,Y),
(n,e ) and (n,y-y) reactions in«bther laboratories. A level scheme
has been constructed. Nine rotational bands built on two quasi-
particle configurations have been disclosed.

A full account of the results has been published recently {3}.
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III. Eidg. Institut fiir Reaktorforschung, Wiirenlingen

1. Mass Distribution in Neutron Induced Fission

M. Rajagopalan, H. S. Pruys, A. Griitter,
H. R. von Gunten, E. A. Hermes, E. Roessler and
A. Schmid

A. Fission of ?3°U and %?°Pu induced by fast neutrons from
the reactor PROTEUS:

The yields of the fission products in the fiséiohibf'?’suland
23®*Pu induced by fast neutrons in the core of thé:reactor,
PROTEUS are reported here. The yiclds were determiﬁéd by a
comparison method using gamma spectrbscopy. The intensities
of fission product gamma rays were determined in both the fast
neutron and thermal neutron induced fission of 235U and from
the known yields in the thermal neutron induced fission of
2350, the relative yields in the fast fission were calculated.
The same procedure was adopted for 2®°Pu fission also. Two
methods were adopted for gamma spectroscopy. In method A, the
gamma ray intensities were measured directly after irradiation
of the targets. In method B, the target material (U or Pu) was
chemically separated before taking the gamma spectra of fission
products so that the gamma rays from the target material did
not interfere with the determination of fission product gamma
ray intensities. The yields from both methods were normalized
relative to the chain yield of mass number 140. The yields for
235y and 2°°Pu are given in Table I. For 235U the relative
yields were converted to absolute yields by normalizing the to-
tal yield of all fission products to 200 %. The errors quoted
include both statistical and systematic errors. For 22°Pu the
yields quoted are relative yields and were obtained by normali-
zing the yields with respect to '*°Ba. The yield of '“°Ba was
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assumed to be 5.50 %. The errors quoted are only statistical
errors. The yields quoted for 23°Pu are only preliminary va-

lues. Further work on ?*°Pu is in progress.

B. Fission of 2%®y induced by 14 MeV neutrons:

Mass distribution in the fission of 2%%U induced by 14 MeV
neutrons was determined using gamma spectroscopy. The rela-
tive fission yields in the 14 MeV neutron induced fission are
given in Table II. For fission products designated with a *,
the yields were determined from the known efficiency of the
_detector and the known intensity ratios of gamma lines of
specific fission products. For other fission products, the
yields were determined by comparing the intensities with those
in thermal neutron fission. All the vields were normalized to
the yields of '“°Ba which was assumed to be 4.56 %. These are
only preliminary results obtained by taking gamma spectra after
chemical separation of target material. For some fission pro-
ducts more accurate yields can be obtained by direct measure-
ment of gamma ray intensities and such measurements are in; pro-
gress.
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Table T

Yields in fast neutron induced fission (PROTEUS-Reactor)

Mass 235y Fission 239py Fission
Element
= No. Yield in % Method Yield in % Method

87 Kr 2.66 + 0.11 B -

88 Kr,Rb h.4s + 0,26 B -——

91 Sr,Y 5.63 ¢+ 0.21 A+B 2.57 + 0.09 A+B
92 Sr,Y 5.77 &+ 0.21 A+B - 3.01 + 0.08 A+B
93 Y 6.2%3 + 0.21 A+B 3.49 + 0.13 A
9y Y 6.13 + 0.26 A -

95 Zr 6.49 + 0.25 B 5.96 + 0.24 B
97 Zr,Nb 5.97 + 0.19 B 5.67 * 0.47 B
99 Mo,Tc 6.2% + 0,22 A 6.08 + 0.20 A+B
101 Te 5.31 + 0.18 A 7.20 + 0.60 B
103 Ru 3,20 + 0.12 A 6.85 + 0.23% A+B
104 Te 1.87 + 0.08 A -

105 Ru 1.10 + 0.04 A 5.25 + 0.08 A+B
129 Sb 1.08 + 0.07 C -

131 I 3,06 + 0.10 B -—-

132 I 4,59 + 0,15 B 5.46 ¢+ 0,25 B
133 I 7.08 + 0.22 B 7.66 + 0.78 B
134 I 7.77 + 0.26 B 6.42 + 0.36 B
135 I 7.02 ¢ 0,22 B 7.43%3 + 0,26 B
139 Ba 6.52 + 0.21 A 5.64 + 0.40 B
140 Ba,La 6.27 + 0.23 A 5.50(Ref) A+B
141 Ba,Ce 5.52 + 0.34 A 5.81 + 0.04 A
142 La 5.74 + 0,32 A+B 5.16 + 0.19 A+B
143 Ce 5.70 + 0.21 A+B 4.46 + 0.31 | A+B
146 Pr 2.75 * 0.14 A -—-

. 147 Nd 2.26 + 0.74 A 1.95 + 0.05 A

149 Nd 1.05 + 0,04 A 1.24 + 0.26 A+B
151 Pm 0.4% + 0.02 A 0.82 *+ 0.15 A

A: Gamma counting after chemical separation of target material

B: Direct gamma counting after irradiation

C: Radiochemical separation
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Table 1T

Yields in the 14 MeV neutron induced fission of 238y

Mass No. Element Cumulative yield
91 Sr,Y 3.63 ¢+ 0.08
92 Sr,Y 3,81 + 0.08
93 Y 4,26 + 0,08
99 Mo 5.42 + 0,08

101 Te 4,81 + 0.10
103 Ru 4,57 + 0.14
105 Ru 3,14 + 0.12
112 Ag 0.56*+ 0.09
113 Ag; 0.91*+ 0.14
115 cd 0.79*+ 0.12
117 Cd 0.70*t 0.11
139 Ba 5.00 ¢+ 0.18
140 Ba 4,56 (Ref)

141 Ce 4,03 + 0.08
142 La 3,85 + 0,08
143 Ce 3,69 + 0.10
147 Nd 1.98 + 0.26
149 Nd 1.34 + 0.08
151 Pm 0.78 + 0.02
156 Sm 0.14*+ 0,02

* Direct Determinations
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l52m1Eu and 152me

2. The Decay of Eu

H. S. Pruys, E. A. Hermes, H. R. von Gunten

Energies and intensities of the y-rays in the decay of 152mlEu

I
and lSch.

Eu have been determined. y-spectra above 200 keV and
below 200 keV were measured with a 40 cm?® Ge(Li) detector and a
5 em? planar pure Ge detector respectively. An example of a

Y-ray spectrum obtained with the Ge detector is shown in fig. 1.
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Enriched Eu- and Eu-oxyde samples were irradiated with

thermal neutrons and 14 MeV neutrons in order to obtain sources
of 152ml ‘152m2 152m2Fu/

152ml

Eu and Eu. The ratio of the activities of

Eu was much higher in the 14 MeV neutron irradiation.

The y-ray energies and intensities measured in the decay of

152mlEu are presented in table 1. The results are in very good.

agreement with those of Barrette et al. {1}. In their work five
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more y-lines were detected, but only two of them could be placed
in the decay scheme. The intensities reported by Ardisson et al.
{2} are in considerable disagreement with the work of Barrette

et al. {1} and the present work. Nine new Yy-lines were observed
et al. {7}, but according to our work six of them
15264 {1}

has been confirmed by our coincidence measurements since the

by Ardisson

are sum peaks. The existence of the 1756.2 keV level in

1411.88 keV y-line was detected in coincidence with the 344,25 keV

transition.

Table 1 : ENERGIES AND RELATIVE INTENSITIES OF THE y-RAYS EMITTED IN THE DECAY OF '°2Mgy
Ey (keV) Iy
Barrette Ardisson Barrette Ardisson
this work et al. ) et al, 2) this work et al. ) et al. 2)

121.75 * 0.04 | 121.78 ¥ 0.03 m o 205 s a0 a4
244,65 * 0.06 | 244.66 2 0.03| 244.7 ¥ 0.5 0.94 7 0.06 1.00 2 0.15 1.42 2 0.18
an.6 *o.06| 2n.2 2oz | 270.0 ¥ o5 3.39 7 0.12 3.40 ¥ 0.25 a4 I oo
344.25 ¥ 0.0 | 344.31 ¥ 0.3 * 100 100 w1
443.94 * 0.06 | 443.98 Y 0.05| 4445 1.0 0.99 % 0.12 1.00% o2 | 1.537 o.24
547.4 *0.3 | s47.5 Yo.s 0.35 - 0.06 0.4 % 0.2
563.00 ¥ 0.04 | 562.99 % 0.07| 563.0 ¥ 0.5 9.0 ¥ 0.3 9.2 7 0.5 0.5 - 1.2
586.3 0.2 | 586.5 Y0.2 0.47 ¥ 0.05 0.4 + 0.2
688.70 ¥ 0.06 | 688.68 - 0.08 | 688.6 - 0.5 2.63 % 0.12 2.7 % 0.4 2.3 1 0.4
699.33 Y 0.06 | 699.28 T 0.15| 698.8 ° 0.5 2.98 7 0.18 2.7 2 0.5 3.4 - 0.8
703.55 ¥ 0.06 | 703.6 - 0.2 | 703.4 % 05 | 2.5 % 018 | 2.6 ! 04 3.1+ 0.3
810.47 *0.08 | 8107 0.3 | s01 ¥ o8 1.05 * 0.06 0.97 L 0.20 1.18 - 0.24
826.01 0.07 | 826.0 - 0.2 | 825.9 ° 0.6 1231 o2 1.20 ¥ 0.15 1927 0.2
8a1.62 *0.05 | 841.68 ~0.08| 841.4 ¥ 0.3 || 585 s 595 <20 590
870.14 *0.06 | 870.15 < 0.12 | 869.8 * 0.5 3.63 7 0.18 3.9 7 0.4 3.6 - 0.4
963.39 +0.05 | 963.36 - 0.08| 963.4 * 0.3 || 487 T 1g a2 115 a0 30
970.36 20,07 | 970.34 To.10| 970.1 T 0.3 | 252 ¥ 1.3 25.3 1 0.8 a3 s
995.85 *0.08 | 995.77 J0.12| 995.6 0.5 2.69 7 0.12 2.7 7 0.3 2.8 1 0.3
1314.65 ¥ 0.07 | 1314.58 2 0.06 | 1314.5 ¥ 0.4 || 0.4 ¥ 1.3 9.4 1.2 8 I
1389.11 +0.07 | 1389.02 ~ 0.06 | 1388.9 ¥ 0.3 || 35.0 ¥ 1.1 3.0 2 1.0 1o
1411.88 *0.10 | 1411.77 T0.10 | 14n.5 T 0.4 1.87 7 0.06 1.82 2 0.12 2.8 T 0.3
1510.80 2 0.10 | 1510.75 Y 0.20 | 1510.6 ¥ 0.5 0.27 % 0.03 0.35 & 0.10 1.3 0.18
1558.90 ¥ 0.15 | 1558.78  0.20 | 1558.7 ¥ 1.0 0.35 ° 0.02 0.36 * 0.07 0.31 7 0.06
1680.8 0.2 | 1680.6 - 0.3 | 1681.0 1 1.0 0.27 1 0.02 0.22 7 0.05 | 0.252 0.06
1756.2 20.2 | 1755.6 0.5 | 1755.8 ¥ 1.5 0.12 2 0.03 0.09 = 0.03 0.20 = 0.06
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The results of the measurements of the 152m2

Eu decay aré»pre-
sented in table 2. The y-ray energies are in agreement with
the values reported in the electron conversion work of Taka-
hashi et al. {3}. The K-shell internal conversion coefficient
for the 89.82 keV transition was deduced from the measured

K X-ray intensity. The value for a,, 0.28 * 0.03, is in agree-

K’
ment with previously reported values of 0.27 * 0.04 {4} and

0.30 + 0.05 {3}. The 77.23 keV y-line found in our work was

assigned to 152m2Eu on basis of its half life.

152ml g 152m2

The half-lives of Eu have been measured to be

Eu an
9.30 * 0.05 h and 96 * 1 min resprectively in agreement with

the values given in the Chart of the Nuclides {5}.

[ o)
Table 2: +y-rays from the decay of 152mep,
EY (keV) relative
intensity

this work Takahashi et al. {3}

18.21 + 0.04 18.25 + 0.10 1.63 + 0.11
77.23 + 0.04 0.95 *+ 0.07
89.82 + 0.04 89.83 + 0.15 100
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Iv. Physikalisches Institut der Universit#&t Zirich

(Prof. Dr. Verena Meyer)

Current experiments on Van de Graaff Accelerators:

1. Precision measurements of p-p scattering phases at

energies below 10 MeV

Measurements of the differential scattering cross-section in
the energy range 320-450 keV are being made with an accuracy
of approx. V2 %.

2. Nuclear spectroscopy with high energy resolution

With the aid of high resolution (AE<500 eV) elastic scattering

an investigation is being made of nuclear states with regard

to the statistics of level densities and analogue resonances.
Protons are scattered elastically by 3*2S (T=3/2 state),®’Cr

and 5“Fe (analogue states and level densities) and °?Mo (ana-
logue states at Ep=u.36 and 5.3 MeV). Energy range Ep=3.0—5.u MeV.

3. Measurement of short lifetimes (<1lns)

The lifetimes of states in !'3C, '°0 and 3°K were measured with

the aid of a high resolution pulsed particle beam (At <100ps).
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\'B Physikalisches Institut .Jer Universitlt Basel

1. Analyzing Power of n-p-Scattering at 14.2 MeV

B, Leemann, R. Casparis, M. Freiswerk, H. Rudin,

R. Wagner, P. Zupranski?

The analyzing power Ay which is observed in the scattering of
neutrens (10 - 30 MeV) from protons can be described by the
expression

Oo(G)Ay(O) = gg;gg sin?é,, {AP + 5A€S cos0}

Q
LS

A measurement of the analyzing power at an angle of OCM = 90O

gives the possibility to determine the spin=-orbit coupling term
A;S for p-waves. An atomic beam source produced polarized deu-
terons (~ 0.5 pA) and the T(a,ﬁ)“ﬂe-reaction was'used at a deu-
teron energy of 140 keV as a source of highly polarized 14.2-

MeV=-neutrons.

The neutron polarization (P, = 0.53+0,02) was measured with a
high pressure scintillation chamber. The proton analyzing power

was determined using an associated particle time of flight system.

The measurements of the asymmetry of the neutrons scattered at

an angle OC = 90° were made with cylindrical scatterers of dif-

M
ferent diameters. The measurements using the bigger scatterers

(0 = 3.81 em) gave an average value of the analywing power of A =
(2.12£0.22)% which is in good agreement with carlier data {1} in

this energy region. On the other hand the measurements with the

smaller scatterer (® = 2 cm) pave an average value of the analy-

zing power of A = (0,22+0,%6)7, We suppose that the measurements

with the bigger scatterers are strongly influenced and masqued
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by multiple scattering effects from the carbon of the scattering
scintillators,
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* On leave from Instytut Badan Jadrowych, Warschau
g s

2. Analyzing Power of ﬁ—d-Scattering at 14,2 MeV

M. Preiswerk, R. Casparis, R. Leemann, H. Rudin

R. Wagner, P, Zupranski*

We have measured the angular distribution of the analyzing

power of deuterium for polarized 14.,2-MeV-neutrons. There is

a considerable lack of data in this energy range. Accurate

data would be very helpful for a theoretical appreach to the

three nucleon system. Polarized deuterons (~ 0.5 uA) were pro-

duced with an atomic beam source and the T(a,g)“He-reaction was

used as a source of highly polarized neutrons. The results of

our asymmetry measurements are in Fgood apgreement with the expe-

rimental E—d—data at 14.% MeV of Faivre et al. {1} and also with

the theoretical K-d—predictions cf Pieper {2}. (Fig. 1/2) B
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Fig. 1: Comparison of our measurements of the analyzing

power of deuterium for polarized 14.2-MeV-neutrons
with the theoretical curves of Doleschall {1} and
Pieper {2}. The perturbation method of Pieper gives
better agreement with the measurements than the cal-
culations of Doleschall {3} which use the solution

of the Faddeev-equations. The experimental points

are shown with their statistical errors.
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Fig. 2: Comparison of our n-d-results (triangles) with the

experimental E-d—data (points) at 14,5 MeV of Faivre.




3. Scattering of 1l4-MeV Polarized MNeutrons by '2C

R. Casparis, M. Preiswerk, !. Fudin, P. Wagner,

P. Zupranski*

At En = 14.2 MeV measurements of the angular distribution of
the asymmetry A(®) for the '2C{(n,n')!2C*-inelastic-scattering
(Q = -4.43 MeV) and the neutron polarization P (@) for elastic
scattering are in progress. The polarized neutrons are produed
with the T(d,n)"He-reaction using polarized deuterons. A time
of flight technique allows scparation of elastically and in-
elastically scattered neutrons. Up to 90o (Lab) a graphite cy-
linder serves as scatterer, above 90° carbon recoils in a pla-
stic scintillator give an additional information. The experi-
mental results for the neutron polarization in the elastic
scattering are in good agreement with data of Mack et al. {1}
and also with comparable '?C(p,p)!'?C-data {2}. The measured
asymmetry A(Q) of the inelastic scattering shows a similarity
with '?C(p,p')!2C*-scattering results {2} up to 90° but devi-

ates from this behaviour for larger angles.
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b, Fragment Anisotropy at the 2%®U(n,2nf)-Threshold

R. Abegg and R. Wagner

Angular distributions of fragments from neutron induced
fission of 23%U have been measured in the energy region
13o5§En(MeV)§l7.5. The experimental results show a strong
rise in the anisotropy A = W(Oo)/w(900) -1 (fig. 1) at
the thrid-chance fission threshold.

23QU

0.6 L

o | W _

0.2 L 4

00 i Il i 1 1 1
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Fig. 1: Anisotropy A versus neutron energy E ~(MeV)
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The behaviour of the anisdtropy in this energy region has

been analyzed in the framework of the statistical model. The
excitation:function of the quantity KZ, which determines the

angular momentum distribution along the symmetry axis of the
compound,nucleué 2373, as well as the energy dependence of the - -

nuclear temperature T have been calculated (fig. 2).h

/’7/' 1T
Ko | - -/ (keV)
238y(n.2nt) - //‘// |
‘o & 2 / Te | 400
A Ok ,
‘5": 4 ’
N / 300
30 | // Y, 4
/ /
/ /
20 | / / | 200
/ /
/ /
10 | / / 4 100
i,
0 i A A I i I 41 1 A i A A A 0
12 14 16 18 20 22 E,(MeV)

Fig. 2: Energy dependence of Ki and of the nuclear temperature T.
Ex represents the excitation energy above the (n,2nf)-
threshold. =--- Ex = aTa-T with a level density parameter
of 35 Mev Y. -.- linear dependence of T on E  as predi-

cated by the BCS-Model. TC : transition energy of the

237U-nucleus corresponding to an "energy gap" of
A =1.8 +0.3 MeV.
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5. (d,p) - stripping reactions on nickel isotopes

P. Staub, H. Schir and E. Baumgartner

The differential cross sections for (d,p)-renctions on 58Ni,

®ONi, $2Ni and ®“Ni were measured at 2.8 MeV,

The proton energy spectra were fitted by a special "Gauss-fit"
program. Parameters of the optical model derived from elastic
scattering data were used for calculating the (d,p) cross

sections by means of DWBA (DWUCK). Spectroscopic faetors were

obtained for approx. 20 excited states in the nickel isotopes.

6. Proton-Proton Scattering in the Energy Range
500-2000 keV

H. Wassmer, H. Mihry

Precise differential cross sections for proton-proton scattering

have been measured at the energies 1.881 MeV, 0.992 MeV and

0.499 MeV simultaneously at angles 240, 50° and 90° in the

centre-of-mass system. The total uncertainties vary From about

0.1 % at 1.881 MeV and O. 992 MeV to O. 8 % at O. hag MeV and 90°

A satlsfactory agreement between a phase shift ana1y31s and the
. data can only be obtained by introducing a 'strength factor' A

for the vacuum-polarization contribution.

A detailed paper has been published in Helv. Phys. Acta 46
(1973), 626
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VI. Laboratorium fiir Kernphysik, Fide. Technische

Hochschule, Ziirich

1. - Deuteron break-up and proton scattering on 5°Ni

A. Buta*, J. Lanp, S. Micek**, E. Miller,
J. Unternihrer and L. Viatte

The break-up of deuterons on °®Ni has been measured. Contrary
to gold the energy-angle correlation of this process shows
pronounced structure due to excitation of levels in the infef—
mediate configuration 5°Cu. The proton spectra are confronted
with the excitation curves of the proton scattering on the

same target.

A detailed paper has been submitted for publication in

Physics Letters B.

* - On leave from Institute for Atomic Physics, Bucarest, Romania

* % On leave from Jagellonian University, Cracow, Poland -
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Fig. 1: a. Proton spectra do/df _dQ dEp for the reaction

S8Ni(d,pn)%®Ni with gd 5 10 MeV, at the neutron
emission angle en =_25O and for the proton angles
ep = + 135° (proton counter placed on the same

side of the beam as the neutron counter) and

ep = -lSSon(opposito side). As in all other fipures
in the x-axis the excitation energy of °°Cu is

plotted.

b. Levels in %°%cCu

ref.5, = - - E*<7 MeV: ref.7, E*>7 MeV: ref. 6.

¢. Excitation curves (cross section divided by Rutherford

cross section) for proton eleastic scattering on S58Ni

at the angles 900, 1250, 16OO, for proton energies from
2 to 6 MeV.
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Fig. 2: a, Differential cross section do/dﬂndedEp for break-up
on °®Ni leading to the first excited state of the
target nucleus with Ed = 10 MeV, neutron angle

®n

250, and proton angle ep = +135°,

b. Exeitation function of the inelastic scattering

S®Ni(p,p')%®Ni* at 160° with excitation of the
first 2% level.

2. Calibration of a Neutron Detector

J. Unterndhrer, J. Lang, R. Miller, P. Viatte

The sensitivity of a neutron detector, consisting of a NE 213

liquid scintillator and a XP 1040 photo multiplier was measured

and calculated for neutrons in the energy range 0.4 Mev to 5 MeV. -
Pulse height was discriminated at 60 keV equivalent electron

energy (Am-bias). To determine source strength the 2H (d,n) °He

and *H (p,n) *He reactions were counted by the method of asso-

ciated particles. For the calculations a Monte-Carlo-program

was used. Five different processes of energy loss of neutrons

within the scintillator were taken into account. Most important

are elastic collisions with hydrogen and carbon atoms.
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3, Investigation of the ®Li(d,a)*He Reaction by

Polarized Deuterons

R. Risler, W. Griliebler, A. A. Debenham, V. Kdnig,

D. Boerma and P. A. Schmelzbach

The nucleus ®Be is of great theoretical interest since it is
considered to have a simple alpha-particle like structure.
This clustering is expected tor at least the states with low
excitation energy but also states at higher energy are likely
to have a quartet configuration. Below an excitation energy
of 16 MeV the level structure seems to be well understood.
Above this energy the level structure becomes more complex as

other configuration like p + "Li, n + ®Li are also important.

In the last few years much experimental evidence for highly
excited states in ®Be has been found. Phase shift analysis

of a-a scattering seems to give the best information on

levels with alpha-particle configuration {1}. However levels
having other configurations are mostly detected by the absorp-
tion part of the phase shifts and are shown only very weak if
the transition to this configuration is small. Also high spin
levels, particularly the broad ones, would be difficult to
observe experimentally by a-a scattering. In these cases &
resonance will escape observation since the change in the

corresponding phase shift would be very weak.

The ’Li(p,a)*He and the ®Li(d,a)"He reactions have been the
favorites in order to study the even spin and parity levels,
because their spin structure is relatively simple, due to the
two identical spinless particles in the exit channel. Most of
these experimental results consist of differential cross section

data and measurements with vector polafized proton and deuteron

beams. Over a very limited deuteron energy range (0.40 to 0,96 MeV)
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corresponding to an excitation energy in ®Re from 22.6 to
23.0 MeV, tensor analysing power measurements of the ®Li(d,a)"He

reaction were reported.

In spite of the large amount of experimental data ambiguous
assignments have come from the different analyses. All R-matrix
and S-matrix analyses of the above mentioned reactions require
at least three levels in %Be between 22 and 26 MeV excitation
energy in order to explain the experimental data. Several level
sequences with O+, oY and 4% states are proposed {2} all fitting
the differential cross section equally well. On the other hand
the polarization data are too scarce in order to differentiate

between these different assignments.

The a-a phase shift analysis shows clear evidence for a ot
doublet near 17 MeV and three states with U+, 2% ana 0" around
20 MeV excitation energy, however the higher states show up
less convincing. At excitation energies higher than 26 MeV no

indications for further resonances exist.

This unsatisfactory situation suggests that more experimental
information is needed for a final assignment of the level
structure at energies higher than 20 MeV. The particles in the
entrance channel of the ®Li(d,a)"He reaction have a binding
energy of 22.28 MeV above the ground state of ®Be. The neces-
sary information for an improved R-matrix analyses could be
provided by measurements of vector and tensor analysing powers
over an extended energy range. Recently it has been shown that
these quantities can reveal essential information on the

level structure in the corresponding compound nucleus {3}.

In the present work data on the cross section, the vector ana-

lysing power iTll and the three tensor analysing powers T?O’

TQI and T2? in the energy range between 1.5 and 11.5 MeV are

reported. The results are shown in figs. 1 to 5.
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VII. Institut de Physique Nucléaire, Université de

Lausanne

(Dir.: Prof. Dr. M. Gailloud)

. 1. (n,p), (n,d), (n,t) and (n,a) Reactions at 14 MeV

Ch. Sellem and J. P. Perroud

The experimental results have been analyzed by means of two
identification methods. The first, simple method yields the

differential cross section in mb/sr.

a) 10g (n.a0 + all7Li and 108 (n, a?]7Li‘ reactions:
> 3 oF 20 137

OLab(dPg] 20 40 t0 80 100 1
0.83 Q.62 1.1 1.0 0.8 -1.2 1.8

{n, ac*ull
(+ 0.09)| (+ 0.06) | (¢ 0.06)} (£ 0.09) | (# D.QR] (+ 0.09)} (£ 0.186)

3.8 1.8 1.5 1.2 1.3 1.8 | 3.5

{n, azl
{(x 0.2 (+ 0.1) (+ 0.1) {(+ 0.08)Y | {+ 0.07) { (*+ 0.1} (+ 0.2)
b) 10g (n,to) 8Be reaction:
Py
(n.tol .56 0.2 0.3 0.44

(+ 0.1) | (£ 0.04) | (+ 0.06) ] (¢ D.06) | .




- 112 -

c) 10 (n, dn] ®Be and 10p (n.dllgBe‘ reactions:
] 2 2 6 80 100 120 137
eLab (deg) 0 0 0
5.67 1.9 1.9
(n, d))
0 .

(x 0.3) {{(+ 0.2) | (£ 0.1)

3.9 1.1
{n, dll
{(+ 0.25){(+ 0.1)
d) 108 (n, po]IOBe and '8 (n, pl)loBe* reactions:
0.14 0.14 0.13 0.13
(n.pol
(£ 0.02) ] (£ 0.04) | (¢ 0.05) ] (+ 0.05)
1.1 1.0 0.75 0.65
(n, Dl]
(+ 0.1) {(+£ 0.08) | (+ 0.09)] (+ 0.0M

It is found that

- For the !'%B (n,ao +al)7Li and '°B (n, a?) reactions our ~
measured cross sections are & 30 % higher than the results
reported by Antolkovic et al. {1}, whose measurements were .
performed only up to 90° (CM).

- For the (n,p) and (n,d) reactions our results are 30 % lower
than those reported by Valkovic et al. {2}. Their measurements
were performed over the angular range 0°-13%0° (cM).

- For the (n,t) reactions our results are 20 7 lower than those
reported by Valkovic {3} which were measured up to 1307 (CM).
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A more sophisticated identification method will yield the re-

maining cross sections in the 0-1370 (Lab) range shortly.

The full results and a discussion of the discrepancy with
respect to the authors quoted will be reported. {4} and {5}.

. The apparatus used and the identification methods will be des-

cribed in a subsequent paper {6}.
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PROGRESS RIPORT ON MNICLEAR DATA ACTIVITILS

OF THE ANKARA NUCLEAR RIISEARCH CENTLR

May 1974
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FAST NEUTRON ACTIVATION ANALYSIS

S.Dinger, E.Barutcugil, H.0zyol, H.Sevimli

Fast neutrons having 14 MeV energy were used for some
research work on the application of neutron activation
analysis. Simple and accurate methods were used for deter-
mination of nitrogen amount in wheat grain samples (1), for
oxygen determination in steel samples (2), and for the de-

termination of trace amounts of Fe, Al and Si in rock samples

(3).

(1) H.Sevimli, H.0zyol, E.Barutcugil, S.Dinger, Ankara Nuclear
Research Center, Technical Journal, Vol.l, No.l, 15(1974)

(2) S.Dinger, H.Czyol, H.Sevimli, E.Barutgugil, to be published

(3) H.O0zyol, E.Barutgugil, S.Dinger, Ankara Nuclear Research
Center, Report RNP-1-74. -
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ENERGY AND SPACE DEPENDENCE OF D+T NEUTRONS IN SMALL SAMPLES
OF IRON, ALUMINIUM AND LUCITE

C.0zmutlu, E.Barutcugil, H.Ozyol

The induced activity variations of Cu, Al and In detectors
located in r and z directions of small samples of iron, alumini-
um and lucite having the size of 4 cm. in diameter and 7 em. in
length were measured. On the basis of these activity measurements
and the excitation functions of threshold detectors, the relative
neutron flux distribution for the energy intervals of 14-12.9 MeV,
12.9-6.0 MeV, 6.0-1.65 MeV and for thermal region was obtained.
The semiempirical relationships were derived in this work for
the neutron flux distribution in r and z directions. Flux dist-
ribution in for all energies, but the one in z direction by the
sum of two exponential functions for energies other than thermal

energy and also by cosine function for thermal energy (1).

(1) H.Ozyol, E.Barutgugil, C.0zmutlu, Ankara Nuclear Research
Center, Technical Journal, Vol.l, No.l, 3(1974).






