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EXECUTIVE SUMMARY

A.J. Deruytter

In 1993, work was continued along main objectives of the project "Nuclear
Measurements" in the subprojects "Nuclear Data" and "Nuclear Metrology": to
improve the neutron standards data set, relative to which partial cross-sections or
other quantities, important for fission and fusion technology, are determined; to
study radionuclide decay data for standards applications; to develop nuclear
measurement techniques for nuclear and non-nuclear applications.

The efforts for the improvement of the set of standard neutron cross-sections
and for other quantities selected within the INDC/NEANDC Standards File
continued. Work continued on octacosanol samples as hydrogeneous layers for
standard cross-section ratio measurements of 235U(n,f)/H(n,n) with Frisch gridded
ionization chambers. Measurements of mass-energy-and angular distributions of
fission fragments in neutron induced fission of 2’Np were finalized. Total cross-
section measurements have been done in the framework of the NEA-NSC
Collaboration on the 1°B(n,a) Standard Cross Section in order to extend the energy
range where this cross-section can be used as a standard.

Requests from the nuclear science community became more and more demanding
and followed from deficiencies in available experimental data sets, which were
detected by careful evaluation efforts in the framework of the International
Evaluation Cooperation (IEC) of the NEA Nuclear Science Committee (NEA-
NSC). The requests are summarized in the NEA High Priority Request List.

In the activity on nuclear data for fission technology very high resolution
measurements were done of the total cross-section of natural iron in the neitron
energy range between 0.2 and 20 MeV. In particular attention was given to the
lower MeV region. Also a new type of measurements was started with the
determination of the gamma-ray emission cross-sections of low-lying levels of
palladium isotopes for neutron energies between 0.2 and 3.3 MeV, with the aim to
obtain more precise data on the inelastic scattering cross-section for weakly
absorbing fission product nuclides.

In the field of nuclear data for fusion technology the double differential cross-
section ratio of °8Ni (n,xa) to 27Al(n,xa) was measured at 6.5, 8.0, 9.0 and 15.6
MeV. Deduced total alpha particle yields of the %8Ni(n,xa) are compared with
recent evaluations. Total neutron cross sections were measured for ?7Al in the
range 175 keV to 25 MeV and total neutron cross-section measurements of
vanadium in the same energy region were started. Vanadium is a possible
candidate for the blanket material in fusion reactors and is being considered by
the Engineering Design Activities of ITER.



2.

More basic measurements linked to our nuclear data programme were performed,
mainly for PhD research and using GELINA as a high resolution neutron
spectrometer unique in Europe. They concern: spin assignments of 238U and 113Cd
p-wave resonances as a contribution to parity non-conservation (PNC) studies
performed at Los Alamos in the frame of the TRIPLE Collaboration;
measurements of (n, charged particle) reactions on chlorine and of high resolution
138Ba(n,y) cross-sections, for their key-role in astrophysical applications.

In radionuclide metrology highlights were (1) the thorough study of the energy
resolution of silicon detectors to alpha particles, and the measurement of the Fano
factor for silicon detectors using electrons, and (2) the extreme background
reduction for a low-level HP Ge detection system by working in an underground
facility at SCK/CEN, Mol, Belgium, at a depth at about 225 m, corresponding to
500 m water equivalent.

The major facilities of IRMM, the Geel linear electron accelerator GELINA and
the 7 MV Van de Graaff accelerator were fully operational. They were used for
neutron data measurements and in the non-nuclear applications. In 1993 the
refurbishment plan for GELINA remained on schedule.

At the 7 MV Van de Graaff accelerator the Nuclear Reaction Analysis (NRA)
technique for the determination of light elements (boron, carbon, nitrogen,
oxygen) concentrations in advanced materials continued in the frame of a HCM
Network, and the Charged Particle Activation Analysis (CPAA) technique has
been installed and tested.

In the frame of the radiation physics research, experiments were successfully
performed at GELINA on the generation of Smith-Purcell (SP) radiation at
optical wavelengths, when ultrarelativistic electrons (35 to 110 MeV) travel close
to a metallic grating.



NUCLEAR DATA

NUCLEAR DATA FOR STANDARDS

The objective of the work on standard nuclear data is to improve the set of neutron
data to be used in measurements consistency checks. Competing reactions,
angular and kinetic energy distributions of the reaction products have to be
studied to increase the reliability of the given standard cross sections.
Appropriate research topics are selected from listings of the INDC/NEANDC
Standards File. Complementary work is pertinent to radionuclide decay data and
associated atomic data requested for calibration and reference purposes.

Neutron Data for Standards

Standard Cross Section Ratio 235U(n,f)/H(n,n)
F.-J. Hambsch, R. Vogt

Due to the importance of the investigation whether a new sample material, with a
reasonably high hydrogen content, namely octacosanol, would fulfil the
requirements of a precise cross section ratio determination, all the previously
mentioned measurements have been repeated'!. This was done with a careful
check of the counting gas quality and the quality of the neutron producing target.
Only certified gas with N50-quality 95 % Ar + 5 % CO, together with a new TiT-
target for neutron production have been used. Not only the quality of the gas
mixture is important, but also the freshness of the gas inside the ionization
chamber. To assure the latter, the chamber was always rinsed after longer
interruptions of the measurements and after sample changes. In addition to that
not only the different octacosanol samples have been measured, but also the
tristearin samples used in the previous investigation®. Measurements at incident
neutron energies ranging from 0.3 to 2 MeV have been performed for six different
octacosanol samples and four different tristearin samples.

The resulting proton recoil spectra do not show any more the aspects reported
previously'V. Now spectra for e.g. octacosanol of 136 pg/cm? and 137 pg/em? are
found to be comparable at the high energy end (Fig. 1, left). Also the comparison of
octacosanol (137 pg/cm?) and tristearin (148 pg/cm?) (Fig. 1, right) shows within

(1) CBNM Annual Progress Report on Nuclear Data (1992), EUR 15155 EN
(2) H.H. Knitter, C. Budtz-Jergensen and H. Bax, Proc. Advisory Group Meeting on
Nuclear Standard Reference Data, IAEA TECDOC 335 (1985)
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splitting of the standard mode into the three submodes standard I, IT and III has
been found, however, they are very much overlapping. Only the asymmetry
parameter z (right part of Fig. 14) reveals significant distance between the three
submodes and thus, could be used to distinguish between the modes taking into
account the known experimental positions of the three Gaussians in the mass
distribution. In addition to the three standard modes, the already known super-
long, super-short and super-asymmetric modes have been found too. The problem
to establish the bifurcation points, however, remains still open.

Neutron Induced Fission of 237Np
P. Siegler*, F.-J. Hambsch, R. Vogt

The fission fragment properties of the reaction 2*"Np(n,f) have been investigated
for incident neutron energies from 0.3 MeV up to 5.5 MeV covering the range
below and above the fission threshold.

The neutrons were obtained at the 7 MV Van de Graaff accelerator from the
D(d,n)3He, T(p,n)*He and the "Li(p,n)"Be reactions.

For the detection of the fission fragments a double Frisch gridded ionization
chamber with a 60 pg/cm? thick ?*"Np target was used to measure the mass-,
energy- and angular distributions.

For all neutron energies except at 0.3, 0.5 MeV and 0.7 MeV, about 2-10° events
have been accumulated. The low fission cross-section below the fission threshold
at 0.7 MeV was the limiting factor, e.g. at 0.3 MeV only 3600 events in 100 hour
beamtime could be registered. For the measurement at 0.3 MeV and 0.5 MeV,
thin lithium-metal targets were used to reduce the uncertainty of the neutron
energy. The energy spread was 16 keV and therefore small enough to guarantee
that the measurement was performed at the correct neutron energy in view of the
steep rise of the cross section. For the calibration of the detector system the
thermal neutron induced fission of >3°U was used.

The 235U-target has had similar dimensions as the 23"Np target and all obtained
information served as a reference for the analysis of the neptunium experiment.
Taking into account a pulse height defect for the Ar-CH, counting gas as well as
v(A,TKE) values based on data from Wahl et al.'!’, the mass and energy
distributions have been found in good agreement with previously published data
for 235U(nth,f)(2’3)-

EC Fellow from Technical University of Darmstadt, Germany
(1) A.C. Wahl et al,, Atom. Data Nucl. Data Tab. 39 (1988) 1

(2) F.-J. Hambsch et al., Nucl. Phys. A491 (1989) 56

(3) R. Miller et al., KfK Report 3220 Karlsruhe 1981
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Table 1. First results obtained with the new fission mode calculations
for different actinide nuclei. All energies, E, are in MeV. For
the characteristic mass-split, A, of each fission mode the
heavy fragment mass number is given

En Ea Ep Eq Esi Agta Agl Aslnt
B 2.4 6.3 2.5 10.9 7.5 140 120 (155)
=8y 2.6 6.2 10.1 11.2 7.8 139 120 (155)
3TNp 2.7 5.2 7.2 11.0 7.2 138 120 (155)
HOCF 2.0 6.2 6.0 7.0 - (140) 134 -

Investigation of the Fission Fragments' Mass and Energy Distributions for Several
Plutonium-Isotopes

L. Dematté*, C. Wagemans**, P. D'hondt***, S. Pommé**** A, Deruytter,
R. Barthélémy, J. Van Gils

In the frame of a systematic study of the mass and energy distributions (and their
correlations) of the spontaneously fissioning plutonium isotopes, about 30.000
242Py(SF) and 14.000 2#Pu (SF) events have been recorded. The measurements
were performed with the double energy detection method and relative to the well-
known 23%Pu(ngp,f) reaction, for which purpose a thermal neutron beam of the BR1
reactor (SCK/CEN, Mol, B) was used. The ?#*Pu(SF) data taking is still being
continued.

During the analysis of the data, great care was given to the choice of the
239Pu(n¢p,f) neutron emission data <v> (m*), m* being the fission fragment
mass before neutron emission. As shown in Fig. 11, three sets of data are
available: experimental data from Apalin et al.’ and Milton and Fraser® and
evaluated data from Wahl®. In order to select the best set of <v> (m;*) data, the
239Pu(n¢p,f) post-neutron emission mass distribution was calculated from our
experimental data in combination with each of the three different <v> (m.*) data
sets from the literature. The best agreement is obtained by comparing these
distributions with the radiochemical data of Wahl®® (Fig. 11).

* EC Fellow from University of Bologna, Italy

** University of Gent, Belgium

*ack SCK/CEN, Mol, Belgium

*AAE EC Fellow from University of Gent, Belgium

(1) V. Apalin et al, Nucl. Phys 71 (1965) 553

(2) J.C.D. Milton and J.S. Fraser, Ann. Rev. Nucl. Sci. 16 (1966) 1146

(3) A.C. Wahl, Atom. Data and Nucl. Data Tables 39 (1988) 1
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system (from Aero-Physics) connected to an IBM/PC (DOS 6.00) and a system
with Transputer Multiplexer Modules connected to a micro-VAX (VMS).

Both systems worked reliably. The measurements are currently continued on the
apec system.

Ternary fission experiments are dealing with low counting rates and need a
critical tuning of the detector set-up to measure both tritons and a-particles
adequately. They have to provide the kinetic energy of the ternary particles, the
energy (or time-of-flight) of the neutrons which induce the fission reaction, a clear
identification of the particles and background and a large solid angle for
statistical reasons. It has been opted for an asymmetric, double AE-E detection
system consisting of a methane filled twin ionisation chamber acting as AE-
sections and on both sides of the common cathode a surface barrier detector (SBD)
inside the chamber to collect the remaining energy. The ?35U-target is situated in
the center of the cathode. At one side of the cathode, the distance between the
target and the SBD was kept small (15 mm) to get a good geometry factor and low
losses of a-particles. At the other side a thicker AE-section was chosen to obtain a
better distinction between the (low) AE ionization signal of the tritons and
background signals. For this reason also the gas pressure was increased to 3 bar.
The gain in counting rates with these compact configurations is still paid with
some loss of identification power, since the broad angular distributions give rise to
a spread on the possible AE-E combinations. Fission fragments and natural
a-particles are stopped with a 30 ym Al target shielding. The anode is partly
transparent to allow the passage of the outgoing ternary particles.

From the rather complex combination of the various detector information first

experimental results are collated in Fig. 13.

Neutron Data of Structural Materials

Very High Resolution Measurements of the Total Cross-Section of Natural Iron
K. Berthold*, C. Nazareth, G. Rohr, H. Weigmann

High resolution cross section data are especially important for shielding
problems. This has been realized since long for the "resolved resonance region". In
the case of structural materials strong fluctuations of the cross-section are present
and important also in the lower MeV region. The insufficient knowledge of these
fluctuations is a possible reason for the observed discrepancies between shielding
benchmark experiments and calculations.

* EC Fellow from Technical University of Darmstadt, Germany
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suited for high resolution measurements of materials used in shielding
applications.

The total cross-section of natural iron has recently been remeasured at GELINA
in the neutron energy range between 0.2 and 20 MeV. Measurements have been
performed on three samples of different thicknesses including one with an
average transmission of 0.1, in order to check for consistency and remaining
resolution effects. The cross sections in the "unresolved resonance region" still
show rather strong fluctuations. The resonance region data will be analysed by an

R-matrix routine and the parameters compared to existing compilations.

Very (I;Iigh Resolution Transmission Measurements and Resonance Parameters of 98Ni
and 60Ni

A. Brusegan, G. Rohr, R. Shelley, E. Macavero, C. Van der Vorst, F. Poortmans*,
L. Mewissen*, G. Vanpraet**

The nickel isotopes have a closed proton shell (Z = 28) and are therefore of
interest for fundamental nuclear physics. Furthermore they are important
structural materials for fast reactors and for shielding in fusion installations.

The total cross section has been measured in the neutron energy range from 14 eV
up to 30 MeV at GELINA with the time-of-flight technique. Four flight path
distances (50, 100, 200 and 400 m), 1 ns electron burst width, up to three enriched
samples of different thicknesses for each isotope and four different types of
detectors have been used to optimize the measurements. The neutron beam was
moderated, except for the 400 m measurements.

Compared with the previous version of this work!’,the analysis has been extended
up to about 831 keV and the R-Matrix code Multi has been modified to include the
resolution functions of the detectors (Li-glass and !B slab) and of the moderated
and unmoderated neutron beam, respectively.

The extension of the measurements to very low energy allows a better
determination of the effective potential scattering radius together with the
resonance parameters of the negative energy s-wave resonances; the potential
scattering radii for p- and d-wave resonances have been estimated from the
interference minima occurring at about 400 keV and above 800 keV respectively.
For 378 resonances of °®Ni and 367 of 8°Ni the resonance parameters Eq, g, J and 1
have, where possible, been determined. Some spin values in 3®Ni were taken from
the scattering experiments of Perey et al.?.

* SCK/CEN, Mol, Belgium
** University of Antwerpen, Belgium
(1) A. Brusegan et al., Intern. Conf. Nuel. Data for Sci. and Techn., Jilich, Germany (1991)

(2) C.M. Perey et al., Report ORNIL/TM-10841 (1988); Phys. Rev. C47 (1993) 1143
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In Table 2, the s-wave strength functions and level spacings are quoted together
with the s-, p- and d-wave radii for the two isotopes. The 2.2 keV resonance of 8°Ni
deserves particular attention for its relevance in the normalization of capture
cross section data with the pulse height weighting method.

Table 2. Some resonance parameters of 38Ni and 60Ni

kNl U)l\”l
N. of resonances 61 58
<Do> (keV) 13.41 £+ 0.90 1378 £ 0.94
So(10000) 3.32 * 0.60 3.10 = 0.58
Ro(fm) 7.1 + 03 6.7 * 0.3
R1(fm) 4.0 *+ 0.3 4.0 * 0.3
R2(fm) 7.1 *+ 0.3 6.7 T 03

Neutron capture gamma ray spectra in 58Ni resonances
A. Brusegan, C. Coceva*, E. Macavero, C. Van der Vorst

A program on the determination of the electric and magnetic dipole radiative
strength was started. A germanium detector, with an anti-Compton shield, is
used to detect gamma-ray spectra emitted after neutron capture in different 58Ni
resonances selected by time of flight. The measurements are carried out at
GELINA, with sample and detector placed at 25 m flight distance. Neutron
energies are explored between 320 eV and 103 keV.

* ENEA, Bologna, Italy
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NUCLEAR DATA FOR FUSION TECHNOLOGY

The objective of the work on nuclear data for fusion technology is to contribute to
an improved knowledge of data for neutron transport calculation in the blanket
and for an estimate of the gas production. Measurements are presently done in
three areas: (1) double-differential neutron emission cross sections; (2) double-
differential charged particle emission cross sections and (3) total and radiative
capture cross sections of structural materials; since the latter are related to fission
as well as to fusion technology, they are described in the section on fission
technology.

The Neutron Spectrum of a Thick Be Li Target Bombarded with Protons of 4 and 5.5
MeV

A. Meister*, W. Schubert, E. Wattecamps

A 1 mm thick lithium target with a 0.05 mm beryllium entrance window is used
at the 7 MV Van de Graaff to generate a "white" neutron spectrum with neutron
energies ranging from some keV to some MeV. The high energy limit is
determined by the energy of the incident protons. To prepare and optimise the
experimental set up for (n,n' y) cross-section measurements, e.g. on palladium,
the source neutron spectrum was measured with a thin organic scintillator (5 mm
thick PILOT U scintillator). The measurements are done by neutron time-of-
flight technique with 400 ps/m resolution for proton energies E, = 4 MeV and 5.5
MeV in a collimated neutron beam line in forward direction. Fig. 14 shows a time-
of-flight spectrum for E, = 4 MeV. The detection efficiency of the scintillation
detector has been calculated on the basis of the H(n,n)H scattering and
considering the effects of neutron multiple scattering'?.

The neutron source spectra for 4 and 5.5 MeV proton energy are shown in Fig. 15.
Measured data are crosses or dots connected by a continuous line. The small
neutron yield in the higher energy part of the spectrum is produced by the
9Be(p,n) reaction in the beryllium window, whereas the bulk of the spectrum
below the second steep edge is produced by the "Li(p,n)"Be reaction. The lowest
energy part of the spectrum, near and below the detector bias, is calculated
(histogram) by target reaction kinematics relying on the cross-section of the

"Li(p,n)"Be reaction and the stopping power for protons in lithium metal. The

* Visiting Scientist from Technical University of Dresden, Germany

1) K. Seidel et al., Yad. Fiz. 42 (1985) 1041
(2) M. Drosg, Nucl. Instr. Meth. 105 (1972) 573
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cross-section and the stopping power data were taken from the literature'! 2.
Measured and calculated spectra agree well in the region of expected overlap.

Neutron Total Cross-Section Measurements of 12C, 232Th and 10B from 1.5 to 18
MeV

A. Crametz, W. Schubert, E. Wattecamps

A time of flight facility for neutron total cross section measurements with 60 ps/m
resolution is operational at the Van de Graaff. The neutron target is a lithium
metal slab of 1 mm thickness covered with a sheet of 0.1 mm beryllium. Neutrons
are produced simultaneously by "Be(d,n) and "Li(d,n). Deuterons of 6.5 MeV and a
burst width of 1.4 ns at 625 kHz impinge on the target. The flight path lenght is
2296.5 cm and the neutron detector is a NE213 liquid scintillator of 12.38 cm
diameter and 3.22 cm thickness with a time resolution of 0.8 ns. Preliminary
results were presented at the International Workshop on Nuclear Data for Fusion
Technology, held in San Diego, USA. At that stage the measurement technique
had reached an accuracy level of approximately 5 %. Since then the accuracy and
especially the reproduciblity of the measurements have been considerably
improved by

replacing the beryllium cover of the target of 0.05 mm by one of 0.1 mm

thickness to reduce steep structures in the source spectrum;

using three independent fluence monitors and requiring systematic

agreement among them, within the statistical accuracy;

installing, programming and testing an automatic new sample changer for

four samples. The positioning is made to within 0.1 mm, the sample control

is linked with the time-of-flight data acquisition system;

determining correction factors for dead time losses and small differences

between sample positions.
A large number of runs was made recently with three samples. The analysis of the
test case with '2C measurements gives fine agreement with the ENDF/B6
evaluated data file. The analysis for 222Th and !°B is in progress.

Total Neutron Cross Section Measurement of 27 Al at High Energy
R. Shelley, G. Rohr, C. Nazareth, M. Moxon*

A study of the neutron cross section of 27Al is relevant to the structural material

data required for reactor and fusion studies and to recent progress made with the

* Visiting Scientist from AEE, Harwell, United Kingdom
(1) H. Liskien and A. Paulsen, Atom. Data Nucl. Data Tables 15 (1975) 57
(2) H.H. Andersen and J.F. Ziegler, Hydrogen Stopping Powers and Ranges in all Elements,

Pergamon, New York (1977)
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170 keV to 680 keV and future analysis should extend this to the inelastic
threshold at 844 keV and improve the fit. Regular spacings of s-wave neutron
resonances, independent of their compound spin, are observed.

Total Neutron Cross Section Measurement of Vanadium

R. Shelley, G. Rohr, C. Nazareth

Vanadium is a possible candidate for the blanket material in fusion reactors and
is presently being considered by the Engineering Design Activities (EDA) of the
International Thermonuclear Experimental Reactor (ITER). A thorough study of
the total neutron cross section has been initiated at GELINA and the first
measurement with natural vanadium of 99.8 % purity started in November 1993.
Time of flight transmission data through a 28 mm thick sample are presently
being taken in the neutron energy range (0.175 - 25) MeV utilising the highest
resolution possible at GELINA (400 m flightpath, 1 ns pulsewidth and 800 Hz). A
series of measurements with different sample thicknesses and energy ranges is
planned.

The Measurement of the Cross-Section Ratio of 38y i(n,xa) to 27 Al(n,xa)
C. Tsabaris*, G. Rollin, E. Wattecamps

The accuracy of the cross section for alpha particle production by neutrons in 58Ni
is poor. Therefore this cross-section has been re-measured with the multi-
telescope at the Van de Graaff relative to the cross section of 27Al(n,xa). Though
the cross section of the latter is well established from activation measurements,
however, neither the angular distribution, nor the energy spectrum of the alpha
particles from 27Al were known except for neutron energies at 14 MeV. Thus, for
the first time the angular yield distribution of the 2?Al(n,xa) reaction and a new
measurement of 8Ni(n,xa) to 2’ Al(n,xa) reaction rate ratio of total alpha particle
yields have been determined for neutron energies below 14 MeV.

The multi-telescope device was described elsewhere'!’. Preliminary results of
%8Ni(n,xa) to 27Al(n,xa) cross section ratios were presented at the International
Workshop on Nuclear Data for Fusion Technology, held in San Diego, USA.

The double differential cross section ratios were measured at 6.5, 8.0, 9.0 and 15.6
MeV. The angular distributions measured for ??Al and 3Ni are shown in Fig. 17,
together with a fit by Legendre polynomials, which in case of 27Al is defined to
yield the total alpha particle production cross section as recommended by

* EC Fellow from University of Athens, Greece
(1) E. Wattecamps, Intern. Conf. Nucl. Data for Sci. and Techn., Jiilich, Germany (1991)
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Additional measurements by similar techniques were performed recently with
the multi-telescope for %8Ni(n,xa) relative to **Ni(n,xp) at 5.0, 6.5, 7.5 and 8.5
MeV. The analysis of the measurements is in progress as well as a calculation of
these double differential data by the STAPRE code.
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Fig. 19.  Summary of total alpha particle yields of the 58Ni(n,xa) reaction at
various neutron energies

Cross-Section Ratio Measurements of 63Cu(n,xp) to 98N i(n,xp)
C. Tsabaris*, G. Rollin, E. Wattecamps

At the IAEA's second research co-ordination meeting on activation cross sections
(San Diego, USA, 1993), it was recommended to perform measurements of the
63Cu(n,p) cross section by prompt detection techniques, such as the multi-
telescope which is operational at IRMM. The feasibility of such measurements

* EC Fellow from University of Athens, Greece
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was investigated recently with 8.0 MeV neutrons by measuring at five angles the
(n,xp) reaction rate ratios of 83Cu to 3®Ni. The latter reaction has a large and well
known cross section and is used as a reference. The measuring conditions remain
unchanged for 83Cu(n,xp) and the reference 58Ni reactions. The foreground to
background ratio and the counting rate of the foreground are suited to proceed
with the measurements. A detailed analysis for five angles at 8.0 MeV is in
progress and additional measurements were performed very recently at
7 energies between 2.0 and 15.2 MeV.
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SPECIAL STUDIES

A series of special measurements linked to the data programme has been
performed. These research topics concerned PhD work as well as extended
international collaboration making use of the unique features of GELINA as a

high energy-resolution machine for neutron measurements.

Spin Assignment of 238U Neutron p-Wave Resonances
F. Gunsing*, F. Corvi, K. Athanasopulos, H. Postma**

The aim of this experiment is to contribute to parity-non-conservation (PNC)
studies performed at Los Alamos in the frame of the TRIPLE collaboration.
Reasons for and preliminary results of this long-lasting measurement were
already presented earlier!’,

The 12 gigabyte of listmode data from the ?38U(n,y) reaction were sorted out into
gamma-ray spectra corresponding to about 80 time-of-flight intervals, associated
with s-wave, p-wave and background regions. In order to obtain the pure capture
yield of a given resonance, the gamma-spectrum corresponding to nearby
background regions was subtracted from the raw data after proper normalization.
A limited energy region of two of these spectra for p-waves having different spin is
shown in Fig. 20. The ratio of the areas of the peaks around 539 and 553 keV is
quite different. The values of this ratio, plotted versus the resonance energy in
Fig. 21, appear to splitinto two groups corresponding to spin and parity J* = 3/2~
and 1/2-, respectively.

High-energy gamma-ray spectra were also investigated in p-waves and several
primary transitions leading to J” = 5/27 states, were observed in some of them. If
these transitions are visible, they are assumed to be E1 and therefore the
resonance has J* = 3/2-. If a transition to a J* = 5/2% state does not occur,
nothing can be said about the spin because of Porter-Thomas fluctuations.

The spin assignments derived from the ratio of the low-energy gamma rays and
from the observation of primary gamma rays are summarized in Table 3 for a
total of 19 p-wave resonances. The two sets are consistent and by combining them
a set of adopted spin values can be obtained.

* EC Fellow from Technical University of Delft, The Netherlands
** Visiting Scientist from Technical University of Delft, The Netherlands
1) CBNM Annual Report 91, EUR 14374 EN; CBNM Annual Report 92, EUR 15029 EN
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Using only the sample of seven assigned J = 1/2 resonances, the best estimate of
the root-mean-square parity-violating matrix element M can be calculated by
following a maximum likelihood procedure:

_ + 0.32
M=0.56 0.20 meV,

This value confirms the maximum likelihood value of Zhu et al.‘'’;

e + 0.41
M=0.56 0.20 meV.

The present result, however, has a better confidence interval.

Table 3. List of the present spin assignments for 238U neutron p-waves

E [eV] low level prim. adopted E [eV] low level prim. adopted
10.24 3/2 3/2 3/2 152.42 3/2 3/2
11.31 1/2 1/2 158.98 3/2 3/2
19.53 3/2 3/2 173.18 1/2 1/2
45.17 1/2 1/2 242.73 1/2 1/2
63.52 1/2 1/2 253.90 3/2 3/2 3/2
83.68 1/2 1/2 263.94 3/2 3/2 3/2
89.24 1/2 ’ 1/2 282.46 3/2 3/2
93.14 3/2 3/2 3/2 351.86 3/2 3/2
98.20 3/2 3/2 439.75 3/2 3/2

124.97 3/2 3/2

Spin Assignment of Neutron p-Wave Resonances in 113Cd
F. Gunsing*, F. Corvi, K. Athanassopulos, H. Postma**, Yu. Popov***,
E.I. Sharapov***

In the search for parity-non-conservation (PNC) in compound nuclei, remarkable
results have been obtained in the nuclei 238U and 232Th recently at Los Alamos. It
is important to study these effects also for nuclei belonging to other mass regions.
A good candidate for a new PNC experiment is !!3Cd, which exhibits several low-
energy p-wave resonances.

For the target nucleus '3Cd with J" = 1/2% the situation is more complicated
than for the even-even nuclei 233U and 232Th with J" = 0*. In this case, p-waves
may take the spin and parity valuesJ" = 0—, 1~ and 2~ while s-waves can have J"
= 0%, 1*. Moreover, PNC effects can only occur if resonances of opposite parity
have both the resonance spin and the channel spin in common. Therefore only
resonances with J™ =1~ may produce the effect.

* EC Fellow from the Technical University of Delft, The Netherlands
** Visiting Scientist from the Technical University of Delft, The Netherlands
*Ex Visiting Scientist from the Joint Institute for Nuclear Research, Dubna, Russia

(1) X.Zhuetal,, Phys. Rev. C46 (1992) 768
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barium carbonate sample in order to provide neutron resonance parameters, as
resonance energies, neutron widths, spin and parities, of those resonances lyingin
the energy range from 80 eV up to 200 keV.

The analysis of about 40 resonances was performed with the R-matrix code
REFIT® including an accurate resolution function of the spectrometer and the 0.6
cm thick Li-glass detector (NE 912) used in these measurements. Due to the
extension of the energy range to low energy, the effective potential scattering
radius of ¥8Ba and the presence of negative energy s-wave resonances were
investigated.

For the 14 resonances defined as s-wave, the calculated average level spacing and
strength function are (15.6 = 2.3) keV and (0.8 £ 0.3)10 % respectively.

High Resolution 138Ba(n,y) Measurements
F. Corvi, H. Beer*, K. Athanassopulos

The stellar neutron capture rate of the isotope *®Ba, with magic neutron number
82, plays a key role in the theory of s-process nucleosynthesis. After a preliminary
run') covering the energy range up to 100 keV, a second measurement was
performed in 1993 at a 58.6 m flight path with a sample thickness N = 0.00486
at/b of barium enriched to 99.8 % !'38Ba. The improvement in time-of-flight
resolution and sample mass by a factor of two allowed to extend the analysis up to
200 keV. The data were analysed with the code FANAC and values of the capture
areas were derived for 138 resonances. The Maxwellian-averaged capture cross
section <o> calculated from these results is listed in Table 4 as a function of
stellar temperature kT and compared to previous values produced at the ORELA
accelerator®,

The values of Table 14 as well as all other known cross sections and solar s-process
abundances were introduced as input of a parametrized s-process model
calculation from which the mean neutron exposure T, and the s-process
abundances N(136) and N(138) were derived for the two stellar temperatures kT
= 12 and 25 keV, respectively. These results are listed in Table 5 together with
those calculated from the other data®. The ratio of N(138) to the solar abundance
N,(138) of !38Ba is of particular interest: The present value of 0.92 for kT =
12 keV is consistent with a 10 % r-process contribution to the solar abundance, as
expected from r-process systematics. Similarly, only the kT = 12 keV value for

Visiting scientist from KfK, Karlsruhe, Germany
Q) M.C. Moxon, AEA-InTec-0470

(1) CBNM Annual Report 92, EUR 15029 EN

3) A.R. Musgrove etal., Aust. J. Phys. 32 (1979) 213
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the s-process ratio N(138)/N(136) agrees with the equivalent ratio measured in
various SiC grains found in meteorites'’- 2,

Table 4. Values of the Maxwellian—averaged capture cross section from
the present work compared to those calculated from the ORELA

data
kT o kT o
[keV] [keV]
Present work ORELA Present work ORELA
5 13.57 =+ 0.47 578 +1.19 30 4.07 *0.20 3.90 + 0.80
7 10.43 =+ 0.38 35 3.78 + 0.19 3.60 + 0.74
10 799 = 0.31 528 +1.08 40 3.55 + 0.18 3.33 + 0.68
12 7.01 *0.29 512 + 1.04 50 3.20 £ 0.17 290 *+ 0.59
15 6.03 * 0.26 4.89 £1.00 60 294 +0.18 2.59 £ 0.53
17 5.56 =+ 0.25 70 273 +0.19
20 5.04 £ 0.23 457 £ 0.94 80 2.56 £ 0.21
25 446 *0.21 423 + 0.87 100 2.27 +0.26
Table 5. s-process model calculations
Present data ORELA data'V
kT [keV] 12 25 12 25
Tg [mbarn™1)] 0.175 + 0.006 0.277 £ 0.010 0.194 £ 0.007 0.282 + 0.010
N(138)
: 0.92 + 0.07 1.07 £ 0.09 1.18 + 0.26 1.12 £ 0.24
N,(138)
N(138)
. 68+ 1.1 77 £ 0.3 84 17 80x09
N(1386)
6.48 =+ 0.592 SiC grain R1CPF
N(138) 622 + 0.08® " KJ
N(1386) 8.22 = 0.083 " KJC
6.11 £ 0.093) " KJD
595 * 0.093) " KJE

Both these findings support the assumption that the major neutron source
responsible for s-process nucleosynthesis is the reaction '3C(a,n) igniting at
12 keV rather than 22Ne(q,n) igniting at 25 keV.

(1) U. Ott and F. Begemann, Ap. J. 353 (1990) L. 57
(2) C.A.Promboetal., Ap.J. 410(1993) 393
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Measurement of (n,n'y) Cross-Sections for Low-Lying Levels of Palladium Isotopes
A. Meister*, G. Rollin, W. Schubert, E. Wattecamps

The gamma ray emission cross-section of low-lying levels of palladium isotopes is
measured for neutron energies from 0.2 to 3.3 MeV. The aim of this measurement
is to get more precise data on the inelastic scattering cross-section for weakly
absorbing fission product nuclides. The inelastic neutron scattering data of these
nuclides may yield an important contribution to the nuclear reactor reactivity,
but the experimental data base for evaluation of the inelastic scattering cross-
section is very poor‘!’,

The measurements are carried out at the 7 MV Van de Graaff accelerator with a
pulsed "white" neutron source utilising the~7Li(p,n) reaction with a thick target.
The neutron spectroscopy is done by time-of-flight technique with a 3.871 m flight
path. To detect the gamma rays from inelastic scattering a HPGe detector is used
covering a broad solid angle (50° full angle aperture at 90° scattering angle). The
time resolution is about 10 ns (FWHM) providing an energy resolution of 7 % at 1
MeV and 12 % at 3 MeV.

A '9B disk, almost as large as the palladium disk sample, is located just behind
the palladium sample. The °B(n,ay) reaction rate is registered simultaneously
with the palladium gamma ray emission-rate to convert reaction ratios into a
cross-section. A second reference reaction rate measurement relies on hydrogen
elastic scattering by measuring with a thin organic scintillation detector (Pilot U)
in the collimated beam at about 4.3 m distance from the neutron target. This
reference cross section is especially suited above 1 MeV where the '°B(n,ay) cross-
section is small and inaccurate.

Two series of measurements were carried out: one for a neutron energy range up
to 2 MeV and another one for neutron energies up to about 3.3 MeV. The
measurements are performed in single runs of about 5 h periods during a total
data acquisition time of about 100 h. They are processed separately to deduce the
374 keV gamma ray emission cross-section. The normalisation is done with the
10B(n,ay) cross-section. Part of the single measurements is carried out with
inverted sequence of palladium and !'°B samples to check the reliability of
correction procedures related with gamma-ray detection efficiency.

Fig. 23 shows a gamma ray spectrum recorded within a single run for a time-of-
flight window corresponding to 0.5 MeV to 2.1 MeV neutron energy. Most of the
lines belong to palladium isotopes. The count rate of the 374 keV line of !!°Pd
versus neutron energy is shown in Fig. 24. The emission cross-section of this
gamma line, shown in Fig. 25, is calibrated with the 1°B(n,ay) cross-section®.

This curve is the superposition of all excited !'°Pd levels decaying by gamma-

1) H. Gruppelaar, A. Hogenbirk, Report ECN-RX-92-040, ECN Petten (1992)
(2) R.A. Schrack et al., Nucl. Sci. Eng. 114 (1993) 352
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Calculations on Lattice Vibration Effects in the Doppler Broadening of the 0.18eV Cd
Neutron Resonance Cross Section

A. Meister*

A gas model of target nuclei is commonly used to describe the thermal motion of
atoms in a solid, but in reality a target atom is surrounded by a medium, whose
degrees of freedom can be excited. Lamb'!’ found for a target atom bonded in a
crystal lattice, that in the limit of weak lattice binding the Doppler broadening
can be approximated by a gas model with an effective temperature instead of the
real sample temperature. But the question remains, how large the inaccuracy of
this approximation can be. This is especially of interest when measurements with
high precision exist and when applications require a high accuracy.

For the low-energy uranium resonances measured with oxide samples, where the
weak bindinglimit is not satisfied very well, the gas model approach leaves
systematic inaccuracies at a level of some per cent at room temperature'®.

A case where the weak binding limit should be satisfied very well is the 0.18 eV
resonance of !'3Cd in a metallic sample. But there is no information on the size of
remaining lattice effects. Therefore an estimate of the possible size of such effects
for cadmium has been done. Calculations are carried out for the capture cross
section in the vicinity of the 0.18 eV resonance with a model for Doppler
broadening in ideal gases and with a model for a crystalline sample. The results of
both models are compared.

A single peaked lattice frequency spectrum (Einstein model) with fiw, = 10 meV
for cadmium metal has been used as well as a more refined representation with
three vibration frequencies taking its pattern from the Debye model. The
frequencies are deduced from specific heat data. Both representations give the
same mean vibrational energy of 1.012*kT per degree of freedom at 300K.

Fig. 26 shows the Doppler broadened capture cross-section in the vicinity of the
0.18 eV resonance. The difference between lattice model and gas model
predictions is shown in Fig. 27. The differences between the Doppler broadenings
in both models are less than 100 barn. This is about 0.2 % of the maximum
resonance cross-section. The differences do not vanish with increasing
temperature. The use of an effective temperature instead of the sample
temperature has little influence on the difference curves.

For checking the reliability and correctness of the calculations the temperature
shifts of neutron resonances experimentally determined elsewhere'? are used as a

benchmark, they are reproduced within the experimental error limits.

* Visiting Scientist from Technical University of Dresden, Gemany

(1) W.E. Lamb, Phys. Rev., 55 (1939) 190
(2) A. Meister et al., Nucl. Data for Sci. and Techn., Antwerpen, Belgium (1982)
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NUCLEAR METROLOGY

RADIONUCLIDE METROLOGY

The objective of the work on radionuclide metrology is to advance the
experimental know-how in the field of radioactivity. This is done in four major
areas: the determination of decay-scheme data, the improvement and
development of measurement techniques, the preparation of particular standard
and reference samples and the participation in international comparisons and
evaluations.

Absolute counting of Alpha-Particle Emitting Samples
B. Denecke

‘In the frame of an IRMM-NIST intercomparison to measure the a-particle
emission rates of three 233U samples, IRMM results with uncertainties of 0.1 %
were communicated to the coordinator. The final evaluation is to follow when all
results are available.

EUROMET Project: Metrology of 192y, Brachytherapy Sources
D.F.G. Reher

The EUROMET project concerning the metrology of 92Ir brachytherapy sources
has been closed. It was an international co-operation between laboratories
(IRMM, JAERI, LPRI, NIRP, NMI, NPL, NRC, NRPA, RUG) and comprised two
comparisons of air-kerma rate and activity measurements of °2Ir wires, the
calibration of several ionization chambers, the determination of a new value of
the half life of 192Ir, a re-evaluation of the decay scheme, and the measurement of
the inhomogeneity of 1%2Ir wires. Ten publications resulted from the work done in
this project.

Standardization of a 5 MBq Extended Area Source of 56co
T. Altzitzoglou, D.F.G. Reher, B. Denecke, G. Grosse

A 56Co solution has been standardized and an extended area source has been
prepared out of the same solution. The 5%Co solution had been supplied by the
SCK/CEN, Mol, Belgium, in the form of CoCl, in 0.1 N HCI and its activity
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concentration was certified as well as the activity of the 3’Co and %8Co impurities.
The extended area source we ; intended for the calibration of a detection system,
employed in the very high resolution transmission measurements of 3Ni+n and
60Ni+n at GELINA.

It was prepared by quantitative deposition of drops of the radioactive solution in a
homogeneous pattern on a 0.5 mm thick membrane filter (Sartorius 13400, 73 mm
diameter). After drying, the source was backed with a Kapton and a polyethylene
foil and then sealed between two aluminium discs of 80 mm diameter and 0.5 mm
thickness.

For the standardization of the solution at IRMM, more than 20 quantitative
sources were prepared from the original solution and measurements were carried
out employing y-ray spectrometry, 4ny-counting, and 4mnB-y-coincidence
counting. All three methods gave coherent results with uncertainties below 1.5 %.
However, the weighted average of the results is about 8 % lower than the certified
value quoted by the supplier.

Low-Energy X-ray Standard Sources
B. Denecke, G. Grosse

Three >°Fe excitation sources were assembled and sealed with thin beryllium foils
forming a closed source type. Ten sets of fluorescence targets containing the
elements aluminium, silicon, sulfur, phosphorus, calcium and titanium are
finished. The standardisation of the sources is in progress. A prototype of the
storage container and the necessary tools are ready.

The windowless Si(Li) spectrometer was repaired by the manufacturer and the
detector was galvanically isolated from the UHV system to reduce noise.

Absolute Activity Measurements with the Windowless 41-Csl(T1)-Sandwich
Spectrometer

B. Denecke

A report on the performance of the 4n-CsI(Tl)-sandwich spectrometer in the
standardization of %7Co, !9°Cd, 12%I, !5?Eu and !'®?Ir is being prepared. This
spectrometer is particularly useful when measuring absolute activity of
radionuclide samples having a complex decay scheme. The windowless
scintillation crystals have nearly 100 % detection efficiency for photons and
charged particles. Accuracies of better than 0.3 % were reached.
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Energy Resolution of Si Detectors to Alpha Particles
E. Steinbauer*, G. Bortels

The response of particle implanted passivated silicon (PIPS) detectors to alpha
particles, emitted perpendicularly from the surface of a thin layer of
radionuclides, was studied with respect to the statistical processes involved.
Measurements were done using a 50 mm? PIPS detector with dead layer thickness
of (48 + 5) nm and a thin vacuum-sublimed source of '48Gd, 22®Pu and ?**Cm. The
thin source introduces energy straggling and a small asymmetry in the energy
distribution, fgp¢, of the emitted alpha particles.

In the detector's dead layer, alpha particles produce electronic energy-loss
straggling which has a Gaussian probability density function (PDF), Gq4s. It is
energy independent for energies of a few MeV. Nuclear stopping in a thin dead
layer can be neglected. Variations in the dead layer thickness will broaden the
response function.

In the sensitive volume of the detector, the kinetic energy of the alpha particle
goes into two processes: - electronic excitation and ionization (electronic stopping
of projectile and recoils) and - crystal damage and lattice vibrations (non-
electronic losses). The first type of random process was simulated using a Monte
Carlo code to calculate its asymmetric PDF, fs.. It is responsible for the
asymmetry of the alpha peaks. The process subsequently ends up in an electron-
hole pair creation which has a Gaussian PDF, Gs p. Trapping and recombination
of charge carriers are negligible. In the charge detection process, a Gaussian
amplifier noise function, Gamp, is introduced.

The detector response function is the convolution of Gq s, Gs,p, Gamp and {5 . The
latter function fse can be fitted by a Gaussian convulated with a sum of
exponentials. The calculated response is in full agreement with the experimental
alpha peak obtained for an ultra thin source and low measurement solid angle.
Results are given in Table 6. In the limit of a detector with zero dead layer
thickness and a cryogenic preamplifier (0.5 keV noise FWHM) the calculated
ultimate energy resolutions indicate that the gain in resolution is not substantial.

Measurement of the Fano factor
E. Steinbauer*, G. Bortels

The Fano factor was introduced to bridge the gap between the energy resolution,
calculated from electron-hole pair statistics, and experiment. The model which
describes the response of silicon detectors to alpha particles can also be applied to

* University of Linz, Austria
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Table 6. Contribution of various random processes, associated with the detection
of alpha particles, to resolution (FWHM in keV) of the alpha peak. AEtot
and AEmeq are the calculated and measured FWHM, respectively.

Due to the asymmetry of 3 e, AE?ot is not equal to the sum of
squares of its components

Energy .
Ion [keV] f des fs,e GS'p (}amp AE,, AE.. Ultimate
4Het+ + 3183 2.0 4.2 3.4 2.9 2.8 7.9 7.6 6.1
5499 1.6 4.2 3.8 3.8 2.8 8.5 8.5 6.9
5808 1.3 4.2 3.8 3.9 2.8 8.6 8.5 7.0

electrons. In that case several processes are negligibly small: energy loss and
straggling in the dead layer of the detector, non-electronic losses (small electron
mass), and trapping and recombination losses of charge carriers when the detector
bias is set for saturation. The complete electron energy ends up in electronic
losses. The detector response function therefore contains only two components
which are both Gaussian: charge carrier statistics and amplifier noise. The
variance of the response function is given by

02= wkE F + o2
e amp

with E¢ the electron energy, w = 3.81 eV per electron-hole pair at liquid nitrogen
temperature and F the Fano factor. Electron backscattering and bremsstrahlung
produce some spectrum deformation and have to be considered in the peak fitting.
In the measurements a 50 mm? PIPS detector with a depletion layer of
approximately 900 pm thickness was used. Monoenergetic K-shell conversion
electrons from thin layers of 133Ba (320.0 keV), !37Cs (624.2 keV) and ?°7Bi (481.6
and 975.6 keV) were measured. The detector and preamplifier were kept at liquid
nitrogen temperature. No effect from incomplete charge collection was observed
for a bias from 90 to 180 V, and no peak shift was observed when tilting the
sources by 60°. The electron peaks were fitted with the convolution

function of a Gaussian and the function
u

fu) =B, + B,8(-u) + B,e ‘6 (-w

with constants B and step function 8(u) = 0 foru < 0 and 1 foru = 0.

The first two terms care for a constant background and electron backscattering,
and the third term accounts for bremsstrahlung. Fig. 31 shows the measured
response function for 975.6 keV K-shell conversion electrons in the decay of 2°7Bi.
The Fano factor, F = 0.134 % 0.007, was obtained from the Gaussian component
after subtracting the electronic noise which was 800 eV at FWHM.
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The concentrations and disequilibria of radionuclides from the natural decay
chains in the samples were compared to those in a well known reference sample. A
correlation between some of the radionuclide concentrations and the subducting
depth under the volcanoes was observed (Table 7).

Table 7. Decay rates for 226 Ra measured by low level y-ray spectrometry
using the 295 keV y-ray peak (second column), and 238U determined
by Instrumental Neutron Activation Analysis (third column). The
fourth column shows the decay rate ratios of these two nuclides. In
secular equilibirum this ratio should be 1. The value for sample one
clearly shows bgs ing of equilibrium. In this case an anon:alous
enrichment of Ra i3 observed. In the last column is shown the
subducting depth of the Australian plate under the Asian one

ampre | Diinicgraton | Disiegration | %R0 pepotpit
spectr. [Bq/kg] [Bq/kgl N **0) [km] £ 10 km
1 Werung 95+t 1.0 2.24 * 0.05 42 £ 0.5 120
2 Lewotolo 72 £ 5 58 £ 1 1.2 £ 0.1 160
3a Batu Tara 39 £ 3 361 £ 0.8 1.1 £ 0.1 220
3b Batu Tara 49 =+ 4 49 1 1.0 £ 0.1 220
Reference 17 = 1 186 = 0.4 0.91 =+ 0.09 -~

Measurement of Low-Level Radioactivity in Archaeological Ceramics
R. Wordel, D. Mouchel, U. Wagner*

On request by and in collaboration with the Technical University of Miinchen,
measurements of low-level radioactivity in archaeological ceramics of Celtic
origin, using a low-level HPGe y-ray detection system were done. The samples
were excavated at a site close to Manching (Germany). The aim of the
measurements is to characterize the clay from which the pottery was made by
looking for a possible disequilibrium in the natural decay series.

Investigation of Natural and Anthropogenic Radionuclides in Soil and River Sediment
D. Mouchel, R. Wordel

Low-level radioactivity originating from natural and anthropogenic radionuclides
was measured in sandy soils, river sediments and a few biological samples. Some
samples were collected at an old industrial site, others were taken from a

Technical University of Miinchen, Germany
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At ground level two lead shields, one of which with 1 Bq/kg intrinsic activity,
surrounded the 100 cm® germanium crystal and reduced the background
radioactivity, within the energy interval 3 to 2800 keV, by a factor of 100. The
remaining count rate was mainly attributable to the influence of cosmic rays.

In the underground laboratory empty space in the system was filled up with
electrolytic copper to eliminate the influence of radon. Thus, the count rate of
(0.00666 * 0.00006) s—! within the above mentioned energy interval represents
an additional reduction factor of 90 of the background, again mainly attributable
to the elimination of the cosmic rays (Fig. 32).

Background count rates for selected energy regions are given in Table 8, for
comparison of different germanium detection systems. They demonstrate the
reduction of neutron activation peaks and the improvement of the sensitivity to
particular radionuclides.

Table 8. Background of the germanium detection system at two locations

Ground level (IRMM, 24 days counting time, spectrum B in Fig. 39)

count rate/energy interval at 150 keV (2.73 £ 0.03) [counts/keV-h]
count rate/energy interval at 1 MeV (0.462 *+ 0.012) [counts/keV-h]
count rate/energy interval at 2.75 MeV  (0.102 % 0.006) [counts/keV-hj}
countrate 511 keV peak (38.9 £ 0.9) [counts/h]

Underground (12 days counting time, spectrum C in Fig. 39)

count rate/energy interval at 150 keV (0.0822 % 0.0066) [counts/keV-h]
count rate/energy interval at 1 MeV (0.0018 = 0.0009) [counts/keV-h]
count rate 511 keV peak (0.2 +0.1) [counts/h]

* SCK/CEN, Mol, Belgium
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TECHNICAL APPENDIX

Electron Linear Accelerator

J.-M. Salomé

The GELINA electron beam was available during 2787 hours for physics
experiments.

Neutrons are produced in a rotary uranium target via (y,n) and (y,f) reactions.
According to the requested neutron energies, various moderators are placed on
both sides of the target. Twelve flight paths are equipped for neutron time-of-
flight experiments. On the average, 6.4 neutron beams were used simultaneously
when GELINA was operated at very short bursts and 5.2 of them when operated
in other conditions.

On the direct beam line, some experiments of optical transition radiation (OTR)
and Smith-Purcell effect were achieved. OTR is a very useful method to measure
on line various parameters of the electron beam. This system will be routinely
used when the beam will be available for radiation physics experiments.
Although the quality of the beam is rather poor, Smith-Purcell radiation at
optical wavelengths was observed using beams of electrons with energies between
35and 110 MeV.

The operation of the accelerator was interrupted in April during about two weeks
to replace the O-rings of the compression magnet. Due to the very bad conditions
of focussing coils along the accelerating sections, the electron beam is rather large
and grazes the vacuum chamber at several positions. The y-n radiation induces
hardening of the organic O-rings which reduces the tightness of the vessel.
Special metallic rings have been ordered and should be placed next year to solve
this problem.

The measurement programme had also to be interrupted during more than one
month to allow the construction of the new radiation physics laboratory.

The refurbishment of the Linac ordered end of 1992 and which consists essentially
in the replacement of two sections and all the focussing coils is progressing
normally. The present Linac will be operated up to August 1994. A shut down of
six months is scheduled for the installation of the new sections and corresponding
equipment.
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Radiation Physics Laboratory
J.-M. Salomé, P. Rullhusen

Planning and construction of the new radiation physics laboratory (RPL) outside
the neutron target hall is progressing on schedule. The experimental room has
been built. A provisional beamline has been installed at 0°. Radiation-level
measurements for a series of different absorbers have been carried out while the
neutron-production programme was running. As a result two radiation beam
shutters in vacuum are being designed to protect users working in the RPL. The
beam transport system capable to switch from neutron production inside the
neutron target hall to photon production in the RPL has been designed and the
relevant parts have been ordered. This system includes also a modification of the
current moderators.

A field mapping of an old 120° dipole has been performed. At present computer
simulations are run in order to see if the pole pieces can be modified in a way
suitable to dump a 200 MeV electron beam with rather large energy dispersion
and moderate emittance into the beam catcher of the RPL.

For the general layout of the interlock system the health physics service of ESRF
has been contacted and a new system including the accelerator, the neutron
target hall and the RPL is being designed.

Radiation Physics
R. Cools, O. Haeberlé*, N. Maene**, F. Poortmans**, H. Riemenschneider,
P. Rullhusen, J-M. Salomé, F. Van Reeth

Optical Transition Radiation

The system for beam diagnostics using optical transition radiation (OTR) has
been improved. On the direct beamline of GELINA a remotely controlled sample
changer has been installed which allows to use different types of foils for OTR
measurements. It uses stepping motors controlled by a commercial microprocessor
interface designed for CAM/CNC applications. The interface is linked via a serial
line to a Macintosh computer. The user software - adapted to the special needs of
OTR measurements - was developed in-house and is written using the LabView
platform. The OTR light is observed with two CCD cameras in a separate room
about 8 m away from the beamline using a system of radiation resistant ienses
and mirrors. The signals are captured and analyzed on the same Macintosh
computer using a self-written software package based on routines from the public-

EC Fellow from University of Strasbourg, France
*x VITO, Mol, Belgium
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domain software Image. This system allows to display on-line the shape of the
electron beam and the angular distribution of the OTR emission. From these

images information on the electron energy and the beam emittance are obtained.

Smith-Purcell Effect |
An experiment on Smith-Purcell (SP) radiation at optical wavelengths has been

carried out using 35-110 MeV electrons. Two types of gratings were used: a
holographic sinusoidal grating and a ruled blazed grating, both fabricated in glass
with an Al coating and with 1800 lines/mm. No experiments had been done until
then with such high-energy electrons. Therefore, one of the main intentions of the
experiment was to see (i) if radiation damage to the grating surface can be
sufficiently reduced to perform the experiment, (ii) if emission of SP radiation at
optical wavelengths by highly relativistic electrons is strong enough to be seen
with CCD cameras and (iii) if electron beams of rather moderate beam emittance
as they are produced by GELINA can be used for SP experiments.

The gratings were shielded against the electron beam by 20 mm of molybdenum.
SP radiation was observed at 90° to the beam axis using the OTR setup. The beam
emittance measured with the OTR system was of the order of 10 mm mrad in most
cases. At average beam currents of 0.5 or 1 pA the SP radiation was bright enough
to be measured with the OTR system. Apart from SP radiation also Cherenkov
radiation from electrons hitting the grating was observed. Contrary to SP
radiation, the Cherenkov light is less polarized and not monochromatic. The
polarization was determined with a commercial linear-polarization filter and the
spectral distribution was measured using a set of narrow-band filters (AA = 10
nm). Fig. 33a shows the experimental results observed with a 110 MeV electron
beam. In the first graph the intensity observed with the set of narrow-band filters
is displayed. For the applied experimental configuration the SP radiation is
expected at wavelengths of (559 £ 10) nm. In the second graph, Fig. 33b, the
results of a polarization measurement are shown. The solid line is the
theoretically expected polarization curve for a pure H-polarized radiation.

The experiments have proven that electron beams of energies up to 110 MeV and
moderate beam emittance can be used to produce SP radiation. However, an
analysis of the grating surface using an electron microscope revealed considerable
radiation damage. The profile of the holographic grating was destroyed and on the
surface of the ruled grating recrystallization of the aluminium coating could be
observed. Thus, gratings fabricated in glass and shielded against the electron
beam may be used for short SP measurements at low beam currents but solid
metallic gratings should be used for long-term measurements at high beam
currents.
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storage system has been replaced by 4 units of type IBM 3380 and all datasets
have been moved accordingly.

The network switch MegaPack VME 21 has been installed which among others
provides the connection of IRMM to EuropaNET at 64 kbps.

A study of PC networks has been made for TCP/IP as communication protocol and
servers which can support DOS, OS/2, UNIX and MAC workstations.

The file service of the XEROX office automation system has been modernized by
the installation of a SUN server with 4.6 GB of disk capacity and a more powerful
version of the file server software. The presentation of user names in the XEROX
system has been harmonized.

The AIX operating system for the RS/6000 computers has been upgraded to
version 3.2.3. E and the X Window system to version X11R5 which includes
support for 3D graphics, compressed and dynamic fonts, NFS and NIS. A HP
Laser Jet 4 printer supporting Postscript outputs is now available on the network.

Multiparametric Event Acquisition with Transputers
C. Bastian, S. de Jonge, J. Gonzalez

The acquisition system as described in the Annual Report 92 was applied to a
6-parameter measurement of ternary fission of 23%U.

The transputer network software as well as the corresponding programs on the
host (microVAX 4000) were further developed to allow automatic, cyclic
acquisition of histogrammed as well as list mode event data. The improved
features will be needed for neutron capture cross-section measurements in the
near future.

A programmable SCSI Interface was designed to connect our transputer event
coders (multiplexers) directly to a standard SCSI bus. It consists of 2 Transputer
Modules (TRAM's): a SCSI TRAM for the interface and a Flash-ROM TRAM
holding the multiplexer software.

Spectrum Transfer and Analysis with the TGS / AGS File System
C. Bastian

The program package associated with the TGS/AGS formats was further
developed in parallel under the UNIX, VMS and DOS operating systems. New
developments in AGS include e.g. user-programmable operations, import of
evaluated data from ENDF, comparison of evaluated with measured data, graphic
display. )
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Every AGS option is available as an executable command of the operating system
hence it may be combined with others to a shell file (COM in VMS or .BAT in
DOS). A shell file for total neutron cross-section data was designed as a test case
and successfully applied to measurements on 56Fe and 3'P.

The Macintosh Computer Subnetwork
P. ter Meer, F. Gunsing™®, O. Haeberlé**

A set of seven Macintosh computers is currently operational at IRMM. They are
all connected to the Ethernet , making them fully transparent to each other and
providing access facilities to the VAX and RS6000 stations and the IBM-
mainframe. Also PC-data files are directly exchangeable and MS DOS and MS
Windows programs can be emulated.

Apart from that the computers are used for traditional desktop purposes, data
acquisition and data analysis. Two Macs are used for imaging and processing
electron beam experiments and one can be used for acquisition and display of
single or multi-parameter data. The sorting and analysis of large amounts
(gigabytes) of listmode data can be done in combination with an Exabyte storage
unit. Data analysis is performed with commercial standard packages as well as
with in-house developed computer codes.

Several simulation programs were developed. Modelling of the interaction of the
electron beam of GELINA with different kinds of radiators (foil, grating) has been
performed. The radiative decay of excited nuclei can be simulated with a modified
version of the code "Dicebox".

A backup system has been installed for regular unattended backups of the remote
stations over the network.

. Downsizing of IBM 4381 Applications to a UNIX Workstation
C. Cervini

The data base IFSPEC for measured spectra from neutron experiments has been
ported to a RS/6000-340 workstation and a set of FORTRAN routines has been
writen which allows the handling of these spectra. APL2/6000 has been installed
for ATX 3.2 and some graphics applications have been downloaded to the RS/6000.
A graphical statistical system (AGSS) is also available on the RS/6000. First tests
with downloaded neutron data analysis programs have been performed.

* EC Fellow from Technical University of Delft, The Netherlands
** EC Fellow from University of Strasbourg, France
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Special Electronic Equipment for Laboratory Use
J. Gonzalez, H. Mensch, H. Nerb, W. Stiber

A NIM video distribution unit, a digital ADC multiplexer, a time-of-flight test
pulser, an interface for a LeCroy time coder, and a 0.5 ns time coder have been
built during the reporting period.

A picoampere current source was improved by using a self-made vacuum
capacitor. A unit for absolute calibration of quartz oscillators has been developed
(hardware and software) and a corresponding paper has been submitted for
publication. The control program of a constant current coulometry systems was
adapted to various user requests.
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CINDA ENTRIES LIST
ELEMENT ENERGY DOCUMENTATION
QUANTITY | TYPE LAB COMMENTS

S A MIN | MAX REF VOL PAGE DATE

] 235 NF EXP [30+4]20+5| INDC(EUR)028-03 94 GEL | HAMBSCH RATIO TO H(N,N)

Cf | 252 SF EXP INDC(EUR)028-06 94 GEL | HAMBSCH ENERG' CALIBR.

B 10 NT EXP 180+0j10+4} INDC(EUR)028-08 94 GEL | BRUSEGAN TRANSMISSION

Np | 237 NF EXP 130+4(55+5] INDC(EUR)028-11 94 GEL [ SIEGLERFISS. FR.ENERGY

Pu | 242 SF EXP INDC(EUR)028-1‘S 94 GEL | WAGEMANS FISS. FR. M,E DISTR.
Pu | 244 SF EXP INDC{EUR)028-15 94 GEL | WAGEMANS FISS. FR. M,E DISTR
U 235 NF EXP 20-3 |10+ 2| INDC(EUR)028-17 94 GEL | WAGEMANS TERNARY FISSION
Fe 0 NT EXP t20+4|20+6| INDC(EUR)028-18 94 GEL | BERTHOLD WE!GMANN HIGH RESOL.
Ni 58 NT EXP |14+0(30+6]| INDC(EUR)028-20 94 GEL { ROHRSHELLEY HIGH RESOL.

Ni 60 NT EXP [14+0|30+6| INDC(EUR)028-20 94 GEL | ROHRSHELLEY HIGH RESOL.

Ni 58 NG EXP |32+1[10+4| INDC(EUR)028-21 94 GEL | BRUSEGAN GAMMA RAY SP.

C 12 NT EXP }15+5)18+6| INDC(EUR)028-24 94 GEL | CRAMETZ WAGEMANS

Th | 232 NT EXP | 15+5j18+6| INDC(EUR)028-24 94 GEL | CRAMETZ WAGEMANS

8 10 NT EXP |15+5|18+6| INDC(EUR)028-24 94 GEL [ CRAMETZ WAGEMANS

Al 27 NT EXP |17+4]25+6| INDC(EUR)028-24 94 GEL | SHELLEY ROHR HIGH RESOL.

' 0 NT EXP [17+4]25+6| INDC(EUR)028-26 94 GEL | SHELLEY ROHR PRELIM.

Ni 58 NX EXP |65+5}16+6| INDC(EUR)028-26 94 GEL | WATTECAMPS Ni58/A127

Cu 63 NX EXP |80+5{80+5]| INDC(EUR)028-28 94 GEL | TSABARIS Cub3/NIS8 PRELIM

u 238 NG EXP |10+0(60+4] INDC{EUR)028-29 94 GEL | CORVISPIN ASSIGNMENT

Ba | 138 NT EXP |80+0[20+4| INDC(EUR)028-32 94 GEL | BRUSEGAN RES. PAR. ANAL.

Ba | 138 NG EXP j50+2}10+4| INDC(EUR)028-33 94 GEL | BEERCORVINUCLEOSYNTH.

Pd | 110 NNG EXP |20+4}33+5} INDC(EUR)028-35 94 GEL | WATTECAMPS MEISTER

Cl 35 NP EXP |10+1[10+4| INDC{EUR)028-38 94 GEL | WAGEMANS NUCLEOSYNTH.
Cl 36 NP EXP |10+1[10+4| INDC(EUR)028-38 94 GEL | WAGEMANS NUCLEOSYNTH.
cl 36 NA EXP |10+1|10+4| INDC(EUR)028-38 94 GEL | WAGEMANS NUCLEOSYNTH.
Ca 41 NX EXP |10+2|10+5| INDC(EUR)028-40 94 GEL | WAGEMANS RESONANCES
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