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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 22"Np were finalized. Total cross-
section medsurements have been done in the framework of the NEA-NSC
Collaboration on the !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 58Ni (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 *®Ni(n,xa) are compared with
recent evaluations. Total neutron cross sections were measured for 27Al 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.
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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 13Cd
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 239U(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’. Now spectra for e.g. octacosanol of 136 pg/em? and 137 pg/cm? are
found to be comparable at the high energy end (Fig. 1, left). Also the comparison of
octacosanol (137 pg/cm?) and tristearin (148 pug/cm?) (Fig. 1, right) shows within

(1) CBNM Annual Progress Report on Nuclear Data (1992}, EUR 15155 EN
(2) H.H. Knitter, C. Budtz-Jgrgensen and H. Bax, Proc. Advisory Group Meeting on
Nuclear Standard Reference Data, IAEA TECDOC 335 (1985)
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Fig. 1. Comparison of the proton recoil spectra for about 2 MeV incident

neutron energy and octacaganol sample thicknesses of 137 ug/cm
(solid line) and 136 ugcm (dotted line) (left part) and octacosanol
sample of 137 ug/cm* (solid line) and tristearin sample of

148 ug/cm2 (dotted line) (right part)

one channel the same spectrum, which is expected from energy loss calculations,
based on data of Ziegler et al.’). From the determination of the end points of the
proton recoil spectra (at half height of the spectra) it is possible to determine the
stopping power and compare it to literature values. These endpoints as a function
of the sample thickness are shown in Fig. 2 for octacosanol (left part) and
tristearin (right part) at the incident neutron energy of about 2 MeV. It is evident
that the endpoints are better approximated by a straight line for tristearin than
for octacosanol. This is found also at other energies, especially the point for the
thickest octacosanol sample was always off the line. From the fitted slopes some
differences have been found in the stopping power as compared to the Ziegler
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Fig. 2. Sample thickness versus channel number at half height of the
proton recoil distribution, left part: octacosanol, right part:
tristearin. Straight line fit to get the stopping power at about
2 MeV incident neutron energy

(1) J.F. Ziegler et al., The stopping and range of ions in solids, Pergamon Press, New York
(1985)
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dataV (Fig. 3). However, in view of the straggling of the experimental points, the
agreement is quite good. The proton recoil spectra have been compared with
Monte-Carlo calculations, taking into account the TiT target thickness, the
neutron emission kinematics, the n-p scattering law, the stopping power for the
samples and the electronic resolution. In Fig. 4 this comparison is shown, for the
thinnest and thickest octacosanol and tristearin samples, respectively. It is
evident that in three of the four cases a surplus of the experimental spectra
compared to the Monte-Carlo simulation is found. In the fourth case the difference
is not so evident. This was the tristeorin target for which the previous
investigation® had resulted in a significant difference between Monte-Carlo
simulation and experiment. Thus, the previous conclusion'®, that the
homogeneity of the sample was not good enough can no longer be maintained.
Reasons may be found in the experimental procedure.

dE/dx IkeV/(mg/cm?2))
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Fig. 3. Stopping power values.of ref. (1) (solid line) compared to the
measured ones of octacosanol

(1 J.F. Ziegler et al., The stopping and range of ions in solids, Pergamon Press, New York
(1985)
(2) H.H. Knitter, C. Budtz-Jorgensen and H. Bax, Proc. Advisory Group Meeting on Nuclear

Standard Reference Data, IAEA TECDOC335 (1985)
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Fig. 4. Comparison of the proton recoil spectra calculated with the Monte-
Carlo method (dotted line) and the experiment (solid line): (A) thinnest
octacosanol sample, (B) thickest octacosanol sample, (C) thinnest
tristearin sample and (D) thickest tristearin sample, all at about 2 MeV
incident neutron energy

Improving the Knowledge about the 292Cf(sf) Standard; Peculiarities Found by using
Different Counting Gases

F.-J. Hambsch, J. van Aarle and R. Vogt

Recent measurements of the spontaneous fission of 2°2Cf using a twin ionization
chamber with Frisch grids and methane as counting gas, revealed inconsist

encies in the determination of the absolute energy scale. At the pressure of
0.6-10° Pa, used in the measurements, it is very difficult to make an absolute
energy calibration with the a-activity of the 252Cf sample. This is due to the fact
that the a-particles are not stopped within the active counter volume between
cathode and grid. Another point, which still is unclear, is the correction of the
pulse height defect. It is claimed that in methane the pulse height defect is
negligible’?, However, without any pulse height defect corrections the fission
fragment mass distribution calculated from the measured data yields masses

1) G. Simon, J. Trochon, F. Brisard and C. Signarbieux, Nuecl. Inst. Methods A286 (1990)
220
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around 107 and 145 and widths o, of about 7.5. Compared to literature values
these results are too asymmetric and too broad, respectively.

Measurements have been repeated with the counting gas 90 % Ar + 10 % CH,,
using the same setup and the same pressure of 0.6:10% Pa. The pulse height in
90% Ar + 10 % CH, is larger by about 15 % than in pure methane. Other
measurements were done with the same setup and both counting gases at an
increased pressure of 1.2:10° Pa. In these cases it is assured that the a-particles
are stopped in the active counting volume between cathode and grid. For 90 % Ar
+ 10 % CH, only a very small decrease in pulse height was observed at the higher
pressure, whereas, for methane again a drastic pressure dependency of the pulse
height is observed (Fig. 5).
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Fig. 5. Comparison of raw spectra measured qt different pressure. Left part:
methane 1.2-10° Pa (solid line), 0.6°10% Pa (dotted line) and right part:
90 % Ar + 10 % CH4 1.2°10% Pa (solid line), 0.6-10V Pa (dotted line)

Further analysis of the raw spectra, taking into account the energy calibration,
electronic instability, calculation of angular distribution and finally the
correction for energy loss as function of angle revealed another peculiarity. Also
the energy loss correction as function of angle was different for the different gases
and pressures. For 90 % Ar + 10 % CH,, the slope changed between 0.6-10° Pa
and 1.2-10° Pa, pretending a thicker target at higher pressure. For methane this
effect was even worse, making it impossible to find a good energy loss correction
for the higher pressure.

The final preneutron mass distributions were calculated using v-data as function
of mass®. Introducing the known pulse height defect for 90 % Ar + 10 % CH,
resulted in a good agreement of the mass distribution parameters (mean mass and
variance) with respect to previous results'®, A differencein the calculated mass

) R. Schmidt and H. Henschel, Nuel. Phys. A395(1983) 15
(2) C. Budtz-Jorgensen and H.-H. Knitter, Nucl. Phys. A490 (1988) 307
3 R. Schmidt and H. Henschel, Nucl. Phys. A395 (1983) 15
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Fig. 6. Comparison of the prenaétron mass distribution fgr methane at
different pressure 1.2:10° Pa (dotted line), 0.6-102 Pa (30lid line)

distribution has been found comparing those measured with methane at 0.6 and
1.2-10° Pa, as shown in Fig. 6. This is most probably due to the changed shape of
the raw energy spectra.

At the moment the absolute calibration remains unresolved. In case of
90 % Ar + 10 % CH, the total kinetic energy has a value of 180.7 MeV with a
probable error in the a-peak position of (1-2) % and for methane 157.5 MeV. The
first value is not far of the recommended literature value of (184.1 + 1.3) MeV®),

The Total Neutron Cross Section of 10B from 80 eV to 100 keV
A. Brusegan, E. Macavero, C. Van der Vorst

Transmission measurements have been done in the framework of the NEANSC
collaboration on the °B(n,a) Standard Cross Sections in order to extend the
energy range along which this cross section can be used as a standard. Three well
characterized samples of boron carbide enriched to 93.38 % in !°B were available.

)] C. Budtz-Jorgensen and H.-H. Knitter, Nucl. Phys. A490 (1988) 307
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Their thicknesses range from 0.024 up to 0.109 at/barn of 1°B, i.e. 0.183 at/barn in
total. Samples of carbon and of enriched !B (> 97 %, boron carbide) have been or
will be measured, respectively as a test of the accuracy of the data and in order to
correct for the !B cross section.

The detector, a 0.6 cm thick Li-glass (NE 912), was placed at 50 m flight distance
from the neutron source of GELINA, which was running at 800 Hz and with 1 ns
electron burst width. The background was determined with the black resonance
technique.

Tests with a 0.14 at/barn thick carbon sample show that its transmission could be
measured within 0.5 % below 5 keV and within 2.5 % up to 100 keV,

These larger spreads at the high energy seem to arise from dead time effects and
from the collimation. In the new series of measurement the dead time has been
reduced from 2.4 ps to 0.8 ps and the collimation has been improved.
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NUCLEAR DATA FOR FISSION TECHNOLOGY

The objective of the work on nuclear data for fission technology is to reach a more
accurate knowledge of data requested in fission research and in fission
technology. Measurements cover actinide fission cross section data as well as
structural material neutron interaction data. Research topics are taken to fulfil
European demands collected in the NEA High Priority Request List.

Neutron Data of Actinides

Search for the Fission Modes in 252Cf

J.van Aarle*, F.-J. Hambsch

In addition to the search for fission modes of the compound nucleus 2*8Np, the
same calculations based on the multi-modal random neck-rupture model of Brosa,
Grossmann and Miiller'V have been started also for 252Cf. From an experimental
point of view there is evidence that the mass distribution can only be fitted
reasonably if at least three Gaussian distributions are taken into account for the
asymmetric masses. However, Brosa and coworkers have found only one standard
mode which is attributed to the asymmetric masses. In terms of Brosa modes that
would mean a splitting of the standard mode into three submodes in case of 252Cf
too, as already found for 238Np. The first results are shown in Fig. 7. Indeed a
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Fig. 7. Fission modes in 252Cf. Left part: Potential energy E 3"Edef of the
deformed nucleus for the different fission modes as function of the
elongation parameter l. Right part: Asymmetry parameter z versus
elongation parameter 1, shown zoomed in l between 13 fm and 18 fm to
make the subspliting into the three standard modes better visible

* EC Fellow from Universit: of Marburg, Germany
(1) U. Brosa, S. Grossmann and A. Miiller, Phys. Rep. 197 (1990) 167
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splitting of the standard mode into the three submodes standard I, II 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,) 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)*He, 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 35U was used.

The ?%%U-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
(A, TKE) values based on data from Wahl et al.l’, the mass and energy
distributions have been found in good agreement with previously published data
for 235U (ngp, D23,

* EC Fellow from Technical University of Darmstadt, Germény
(1) A.C. Wahl et al., Atom. Data Nucl. Data Tab. 39(1988) 1
2) F.-J. Hambschet al., Nucl.Phys. A491 (1989) 56

3) R. Muller et al., KfK Report 3220 Karlsruhe 1981
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The raw data analysis has been finalized. For all measured neutron energies,
complete data sets for the mass-, energy- and angular distribution of the fission
fragments are available. The experimental data were carefully checked for
electronic drifts and corrected for the energy loss in the target, grid inefficiency
and pulse-height defect. The impact of the incident neutron on the nucleus as well
as the neutron evaporation as function of mass and kinetic energy were
considered.

For the neutron evaporation, the only available data of Miiller et al.'> have been
interpolated, assuming the same structure for v as in the case of 235U(nyy,D.

As aresult of the refined analysis described above, in Fig. 8 the mean total kinetic

176
] @ THIS WORK
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Fig. 8. Average TKE as function of the incident neutron energy

Included in the picture are results of other authors?® for the reaction 23’Np(n,.
All data are normalized to the same mean TKE of 170.5 MeV of 25U (np,f). The
present measurement and those of Kuzminov et al.® and Goverdovskij et al.,

(1) R. Miiller et al., KfK Report 3220 Karlsruhe 1981
(2) R. Miiller et al., KfK Report 3220 Karlsruhe 1981
(3) B.D. Kuzminov et al,, Sov.J. Nucl. Phys. 11 (1970) 166
(4) A A. Goverdovskij et al., Sov. J. Nucl. Phys. 55 (1992) 9

(5) C. Wagemans et al., Nucl. Phys. A369 (1981) 1
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show a similar structure and especially the maximum around 1 MeV is confirmed.
Whether the increase of the TKE up to 1 MeV and the decrease for higher neutron
energies is a result of changing contributions of the so called fission modes will be
subject of further investigations. In Fig. 9, left part, the differences between the
TKE as function of the heavy mass for 1.0 MeV neutron energy and 0.5 MeV are
plotted. Over the most abundant mass range A = 130 to A = 150 the TRKE(A) at
Ep = 1.0 MeV shows constantly higher values than at E,, = 0.5 MeV. Contrary to
this behaviour the difference between 1.0 MeV and 5.5 MeV shows an enhanced
change for the heavy masses around A = 132 (Fig. 9, right part). This is an
indication that for higher neutron energies the changing abundancies of the
fission modes become the dominating effects.

Ak % ﬁ{
z 3 b
2 2] % 2 2- %} Eﬁ%
s 1 }Hﬂ I‘f 5 % o <
K o 1 L}ﬁ%gig 35 tpaty 11 [l K o ] 85 ol il
L R P
o 1} o
£ £
\-lI‘III[|III]IIII]II|I|II -.IIIII|Illl[llll|llll]ll
120 130 140 150 160 120 130 140 150 160
FRAGMENT MASS FRAGMENT MASS

Fig. 9. Difference of the TKE a3 function of the heavy fragment mass at
Ep = 1.0 MeV and Ep = 0.5 MeV (left part) and at Ep = 1.0 MeV and
En = 5.5 MeV (right part)

A fast Method of Calculating Fission Modes
S. Oberstedt* , F.-J. Hambsch, P. Siegler**

The calculation of fission properties based on the multi-modal random neck-
rupture model of Brosa, Grossmann and Miiller'? is being used to calculate fission
fragment properties for the 23’Np(n,f)-reaction® as well as for the spontaneous
fission of ?52Cf. In the frame of this model the nucleus is parametrized in the five-
dimensional coordinate-space of the generalized Lawrence shapes. The complete
calculations of the search for the different fission modes existing in the
investigated nuclear system and of the experimental observables are, however,

* SCK-CEN, Mol, Belgium

** EC Fellow from Technical University of Darinstadt, Germany

(1) U. Brosa, S. Grossmann and A. Miiller, Phys. Rev. 197 (1990) 167

(2) CBNM Annual Progress Report on Nueclear Data (1991), EUR 14514 EN and CBNM

Annual Report 91, EUR 14374 EN



-14-

very time consuming, especially since it is not known a priori, how many fission
modes do exist in the nucleus under study.

With a new survey of the nuclear energy (RAYLSCAN) in a three-dimensional
subspace of the five dimensional Lawrence parametrization with respect to the
asymmetry parameter z and the neck radius r an immediate detection of the
existing fission modes is possible!’ and the associated fission paths may be
calculated much faster. A complete fission-mode calculation basically consists
now of performing the RAYLSCAN calculations for different parameters with a
succeeding analysis of the respective energy landscapes (see Fig. 10). The
reduction of computer processing time is at least a factor of four.

In about the same time as the fission modes were calculated for the nucleus 2*¢Np,
the new method allowed to calculate the fission modes in 238U, 238U, 23"Np and
246(3f

Z [fml]
[\M]
1

4.0

Fig. 10. Typical energy landscape in the new RAYLSCAN representation. The
different fission modes are indicated by stars

First results on groundstates, barrier heights and mean mass-splits of the
respective fission modes are presented in Table 1. With this refined method of
fission mode calculations it will now be possible to systematically investigate
fission properties over a wide range of nuclei in a reasonable time.

(1) S. Oberstedt, IRMM Internal Report GE/R/VG/77/93
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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 Eg Eq Eqsin Astd Agl Aqrnr
B 2.4 6.3 9.5 10.9 7.5 140 120 (155)
=y 2.6 6.2 10.1 11.2 7.8 139 120 (155)
®"Np 2.7 5.2 7.2 11.0 7.2 138 120 (155)
ueCf 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 %44Pu (SF) events have been recorded. The measurements
were performed with the double energy detection method and relative to the well-
known 23°Pu(n¢y,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
23%Pu(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.'!t) and Milton and Fraser® and
evaluated data from Wahl®, In order to select the best set of <v> (m;*) data, the
239Pu(ngp,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

*kk SCK/CEN, Mol, Belgium

*EEE EC Fellow from University of Gent, Belgium

6} 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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Fig. 11.  <v>(mi*) data for 239Pu (nth,f) used in the correction procedure (upper

left). The corresponding post-neutron mass distributions are compared
with the radiochemical data compiled by Wahl

The above mentioned evaluated data were used for the neutron emission
correction of the 242Pu(SF) and 2**Pu(SF) measurements, after normalizing them
to the average number of neutrons emitted in 2*?Pu(SF) and %4*Pu(SF),
respectively. The pre-neutron emission mass distributions obtained in this way
are shown in Fig. 12 and compared with similar results previously obtained for
236Py(SF), 238Pu(SF) and 240Pu(SF)V. It is apparent that 2*?Pu forms a kind of a
"turning point": up to A = 242, the mass yield around m, = 135 increases with
increasing values of A, whilst the mass yield around m, = 142 correspondingly
decreases.

For A = 244 however, the mass yield around m, = 135 decreases as compared to
A = 242, whilst the mass yield around m, =~ 142 stabilizes. This behaviour can be
understood by the interplay of the standard I and standard II fission modes (or the
corresponding shells) together with the conservation of the N/Z ratio of the
fissioning nucleus during the fission process.

n C. Wagemans et al, Nucl. Phys. A502 (1989) 287¢
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Fig. 12.  Comparison of the preneutron emission mass distributions for
236,238,240,242,244py(S. F.))

Ternary Fission in 235U(n,f) Resonances
S. Pommé*, C. Wagemans**, S, Druyts***, J. Van Gils, R. Barthélémy

During the ternary fission process, an energetic light charged particle (mostly an
a-particle or a triton) is emitted together with the - so-called binary - fission
fragments. This occurs roughly once every 500 fission events.

The aim of this experiment is to study the ternary a-particle and triton yields in
the resonances and to correlate them with other fission observables such as the
resonance spin and the fission modes. Later on, the t/a-ratio will be investigated
at higher neutron energies to verify an earlier observed doubling of this ratio
above 200 keV as compared to thermal fission, which would lead to a significant
enhancement of the tritium production in fast reactors.

For this experiment we constructed a convenient detection set-up and tested two
new data acquisition systems (partially) developed atthe IRMM: an apec - 1064

* EC Fellow from University of Gent, Belgium

** University of Gent, Belgium
*EE EC Fellow from KU Leuven, Belgium; now at University of Gent, Belgium



-18-

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 235U-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 pm 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 presént
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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Fig. 13.  Measurements on ternary fission in 235U(n,f) .(a)AE-spectrum of
a-particles and tritons (b) identification spectrum of the ternary
particles T/a=(E-AE)1.73«(E)1.73, (c) energy deposited in the surface
barrier detector by the a-particles, (d) E-spectrum of the tritons, (e)
ternary fission cross-section of 23gU as a function of the incident
neutron energy

The outstanding characteristic of GELINA's pulsed neutron source is its excellent
time of flight resolution of nominal 2.5 ps/m. This facility is thus particularly
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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.

Verysgigh Resolution Transmission Measurements and Resonance Parameters of 98Ni
and bUNi{

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 1°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 8Ni and 367 of °Ni the resonance parameters E,, g, J and 1
have, where possible, been determined. Some spin values in 8Ni were taken from
the scattering experiments of Perey et al.®?,

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

(2 C.M. Perey et al., Report ORNL/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 °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 98Ni and 60Ni

58N1 GON']'_
N. of resonances 61 58
<Do> (keV) 13.41 =+ 0.90 13.78 * 0.94
S0(10000) 3.32 = 0.80 3.10 £ 0.58
Ro(fm) 7.1 * 0.3 6.7 * 0.3
R1(fm) 40 * 0.3 40 £ 0.3
R2(fm) 7.1 * 0.3 6.7 * 0.3

Neutron capture gamma ray spectra in 98Ni 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 %®Ni
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" neut