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THEORETICAL PARTICLE PHYSICS

ELECTROMAGNETIC PROPERTIES OF QUASIPARTICLES IN A
RELATTVISTIC MANY-BODY THEORY1

H. Baier, W. Bentz, and A. Arima2

Using a relativistic meson-nucleon theory, we describe both the ground state of
nuclear matter and the electromagnetic current of a quasiparticle including
vacuum fluctuation effects in the same framework. The energy density of nuclear
matter is calculated in the two-loop approximation including also those higher-
order effects which are known to be essential for stability; the quasiparticle current
is calculated in the one-loop approximation. Due to the consistency between the
description of the strong and electromagnetic interactions, all requirements of
gauge invariance can be satisfied. Relativistic corrections to the magnetic g-factors
are studied in detail.

This work was submitted for publication in Nucl. Phys.

NUCLEAR MATTER AT FINITE TEMPERATURE AND DENSITY1

H. Baier, W. Bentz2, and G. Hejc

Our work is an extension of the calculation of the nuclear matter binding energy at
finite density in the framework of the «7-w-model by Bentz et al. / I / to the case of
finite temperature. An approximation to the Hartree-Fock scheme including
contributions of relativistic ring (correlation) and exchange terms and the effects
of vacuum fluctuations is used. Beside the virtual vacuum fluctuations, all Green
functions got a temperature- and density-dependent part generated by real
particle-hole-excitations in the heat bath, which are calculated within the
formalism of Thenno-Field-Dynamics.

Contrary to Ref. 1, our basic quantity is the pressure of the nucleon-meson system
which is directly related to the grand canonical partition function. The energy and
other thermodynamic observables are considered and give us information, e. g., on
the effective nucleon mass and the equation of state.

Work supported by Fonds zur Förderung der wissenschaftlichen Forschung in Osterreich
(project number P 8321-TEC).
Department of Physics, Faculty of Science, University of Tokyo, Japan.
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To achieve our goals, the following steps in our calculation are necessary:

a) carrying out the renormalization procedure to eliminate divergencies
originating from the high-momentum sector of the theory;

b) applying the Redmond method / 2 / to the meson propagators to get rid of
unphysical Landau-ghost singularities created by a wrong high-momentum
behaviour of the meson self energies;

c) calculating pressure and energy as a function of temperature and chemical
potential, which leads to the equation of state after the elimination of the
chemical potential;

d) determining the minimum of the energy to get the effective nucleon mass as a
function of temperature and energy.

Steps c) and d) are only achievable through the development of a computer
program which is still in preparation.

/ I / L.G. Liu, W. Bentz, and A. Arima, Ann. Phys. (N. Y.) 194,387 (1989); and
W. Bentz, L.G. Liu, and A. Arima, Ann. Phys. (N. Y.) 188,61 (1988).

/ 2 / PJ. Redmond, Phys. Rev. 112,1404 (1958); and N.N. Bogolyubov,
A.A. Logunov, and D.V. Shirkov, Sov. Phys. JETP (Engl. Transl.) 37,574
(1960).
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NUCLEAR REACTIONS

THE SENSITIVITY OF STATISTICAL MODEL NEUTRON CAPTURE CALCULATIONS TO
MODEL ASSUMPTIONS

M. Uhl and J. Kopecky 1

The most important ingredients of statistical model capture calculations are gamma
ray strength functions fxifo) for E1 and M1 radiation, level densities and optical model
potentials. We studied the influence of uncertainties in these quantities vvitn the aim
to improve the predictive power of such calculations. Spherical and deformed target
nuclei in the mass range A = 55 - 197 were considered.

Among different strength function models compatible with independent experimental
data the best results were obtained with fEi derived from a generalized Lorentzian and
fMi derived from a standard one. The former is characterized by an energy dependent
width and results in a non-zero limit of fEi(er) if the energy cT tends to zero. A further
generalization of the energy dependence of the width was required for deformed
nuclei with masses between 151 and 175. We observed a marked sensitivity on level
density models even if their parameters are based on the same experimental data.
The influence of the neutron optical potential is in general rather weak. Exceptions
are cases where the capture cross section represents a substantial fraction of the
absorption cross section; this occurs e.g. in neutron capture on heavy nuclei with a
large neutron separation energy at low incident energies.

DISTRIBUTION OF RADIATIVE STRENGTH IN 1*Gd, 157Gd and 1MGd NUCLEI

J. Kopecky \ M. Uhl, and R. E. Chrien *

The distribution of E1 and M1 strength in i».iw.i»Gd compound nuclei has been
studied. Several formulations of strength functions were compared to average reso-
nance capture and/or photoabsorption data. Further we used these strength function
prescriptions in calculations of the total average radiation width, radiative capture
cross sections and gamma-ray spectra and compared them again to available ex-
perimental information. As the calculated quantities critically depend on the magni-
tude and the energy dependence of the gamma-ray strength functions, the results can
be used to test the validity of their models.

1 ECN Petten, The Netherlands.

2 Brookhaven National Laboratory, Upton, NY, USA.
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By analysis of the 1K1s*157Gd(n, y) reactions strong evidence was found for an E1
strength based on a generalized Lorentzian with an energy dependent width and a
non-zero limit as the energy tends to zero. In comparison to previously studied
spherical nuclei IM this generalized Lorentzian is enhanced considerably 121. For
M1 radiation a spin-flip mode is favoured. We also studied the effects of the inclusion
of a M1 scissors excitation at an energy around 3 MeV in 156Gd under the assumption
of Brink's hypothesis. Consideration of such a collective excitation, modelled so as
to reproduce the results of (e,e')- and (p,p') measurements and of microscopic QRPA
calculations, leads to a pronounced peak in gamma-ray production spectra from 0.5
MeV neutron capture. As such a structure is not confirmed by the experimental
spectra one may question whether the straightforward application of Brink's hypoth-
esis is appropriate.

IM J. Kopecky and M. Uhl, Phys. Rev. C41, 1941 (1990).
121 J. Kopecky, M. Uhl, and R. E. Chrien, submitted to Phys. Rev. C.

MODEL CALCULATIONS OF *"Ti(n, ay) ACTIVATION CROSS SECTIONS

S. M. Qaim3 and M. Uhl

Experimental (n, ay) excitation functions on **Ti and MTi between threshold and 20
MeV, recently measured at the Forschungszentrum Julien and at the Joint Research
Centre Geel, were compared to the predictions of nuclear reaction model calculations
based on the statistical compound nucleus model, the exciton model and two specific
direct reaction models for the excitation of low lying levels, namely a simple collec-
tive model for inelastic scattering and the semi-microscopic description of three-
nucleon pick-up IM for the alpha channel.

The consideration of the direct (n, a) processes turned out to be important for the re-
production of the high energy end of the (n, ax) angle integrated spectrum at E„= 15
MeV and improved the agreement with the (n, ay) excitation functions. The
"T^n, ay) cross sections are reasonably well reproduced by the model calculations.
For ^Ti the calculated (n, ay) cross sections are somewhat smaller than most of the
experimental data for incident energies exceeding 10 MeV.

IM J. W. Smits and R. H. Siemssen, Nucl. Phys. A261, 385 (1975).

3 Forschungszentrum Julien
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NUCLEAR-MODEL CALCULATIONS OF CROSS SECTIONS OF
NEUTRON-INDUCED REACTIONS ON ^Na UP TO 20 MeV

B. Strohmaier

On the basis of the widely scattering experimental data for the 23Na(n,2n)22Na
cross section existing up to 1979, two independent evaluations, namely IRDF / I /
and ENDF/B-V /2 / , had been made in 1979 and 1980, respectively, the former
using a measurement, the latter nuclear-model calculations to decide between the
discrepant sets of experimental data. A further attempt to improve the situation by
experimental means was made in 1990 / 3 / , and this had also motivated our
interest in a consistent description of cross sections of various neutron-induced
reactions on ^Na in the frame of reaction-model calculations. The main aim was
to find out whether the new data point at 19.45 MeV could be reproduced
simultaneously with the experimental excitation functions for the ^Nafop^Ne
and the 23Na(n,o)20F reactions. However, also among the data sets for the cross
sections of these reactions, there exist serious discrepancies.

The study started from coupled-channels optical model calculations, coupling the
ground state and the excited states at 0.47 and 2.08 MeV. By seeking reproduction
of experimental neutron total cross sections and differential cross sections for
elastic and inelastic scattering to the rotational states, we determined a deformed
optical potential for neutrons.

For alpha-particles, protons and deuterons, spherical optical potentials were
applied to generate the transmission coefficients for the statistical-model
calculations. After testing a variety of potentials from the literature for these
charged particles, we chose a modified MacFadden-Satchler potential / 4 / for a-
particles, a compromise of the optical potential which had been used for the
ENDF/B-V evaluation / 2 / and the Becchetti-Greenlees prescription / 5 / for
protons, and the Perey & Perey potential / 6 / for deuterors.

In the statistical-model calculations, the exciton model together with the Hauser-
Feshbach formula for first-chance and the evaporation formula for later-chance
particle emission were applied. The discrete-level information was taken from
Refs. 7 and 8; the continuum level densities were described in the Fermi-gas model
with parameters adjusted to fit cumulated level densities as function of energy as
well as resonance data which, however, are afflicted with big uncertainties with
respect to spin- and parity assignment.

The exriton-model parameters were determined according to the usual guide-
lines; some deviating options were accepted, however, in order to reduce the
calculated (n,2n) activation cross section which - as encountered in Ref. 2 - had the
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tendency to be high in comparison to the majority of the cross-section data and in
particular to the new measurement / 3 / .

With this choice of model parameters, a reasonable overall reproduction of the
23Na(n,p)23Ne and the ^Nafoa)20? activation cross sections as well as of the H-
and He-production data and of the neutron-production spectrum at 14 MeV
incident-neutron energy could be achieved; the calculated 23Na(n,2n)22Na
excitation function was still high with respect to the 19.45 MeV data point by about
25%. The results were presented at the International Conference on Nuclear Data
for Science and Technology, Jülich, Germany, in May 1991 /9 / . At the same
conference, new experimental evidence for the high-lying /10/ (n,2n) excitation
function was presented; an integral measurement in a Li(d,n) neutron field / l l /
favors the lower-lying data points.

Since that time, further investigations regarding the optical potentials used for
generating the particle-transmission coefficients were carried out. In particular,
these concerned the construction of a single-channel optical potential for
description of the widths in outgoing neutron channels, and further variations of
charged-particle optical potentials. Retaining all other parameters and model
assumptions, the 23Na(n,2n)22Na excitation function is reduced at 20.4 MeV by
about 12% with regard to the Jülich results / 9 / and even more so at lower
incident-neutron energies, such that the shape of the curve approaches that
suggested by the lower-lying data sets. The quality of fit to the experimental data
for all other quantities is unchanged in most cases and even improved for the
^Nafoa)20!7 activation cross section.

The investigations are being continued to further validate and adjust the model
parameters.

/ I / L. / damski, M. Herman, and A. Marcinkowski, Prog. Rept.
INR 1809/I/PL/A, Institute of Nuclear Research, Warsaw (1979), and
Report INDC(POL)-10/G, IAEA, Vienna (1979).

/ 2 / D. Larson, Rept. ORNL-5662, Oak Ridge National Laboratory (1980),
and Nucl. Sei. Eng. 78,324 (1981).

/ 3 / M. Wagner, B. Strohmaier, and H. Vonach, IRK Prog. Rept. 1990,15
(1991).

/ 4 / L. MacFadden and G. R. Satchler, Nucl. Phys. 84,177 (1966).
/ 5 / F.D. Becchetti and G.W. Greenlees, Phys. Rev. 182,1190 (1969).
/ 6 / CM. Perey and F.G. Perey, Phys. Rev. 132,755 (1963).
PI P.M. Endt, Nucl. Phys. A521,1 (1990).
/ 8 / F. Ajzenberg-Selove, Nucl. Phys. A47S, 1 (1987).
/ 9 / B. Strohmaier, M. Wagner, and H. Vonach, Proc. Int. Conf. Nuclear Data

for Science and Technology, Jülich, Germany, May 13 -17,1991,663; (Ed.
S.M. Qaim), Springer Verlag Berlin / Heidelberg (1992).
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/10/ Xu Zhi-zeng et al., Proc. Int. Conf. Nuclear Data for Science and
Technology, Jülich, Germany, May 13 -17,1991, contribution D 5;
(Ed. S.M. Qaim), Springer Verlag Berlin / Heidelberg (1992).

/ l l / J.R. Dumais et al., Proc. Int. Conf. Nuclear Data for Science and
Technology, Jülich, Germany, May 13 -17,1991, contribution O 78;
(Ed. S.M. Qaim), Springer Verlag Berlin / Heidelberg (1992).

PREPARATION OF . THE MEASUREMENT OF DOUBLE DIFFERENTIAL
NEUTRON-SCATTERING CROSS SECTIONS AT 14.1 MEV USING THE
NEUTRON GENERATOR OF THE IRK

A. Priller and P. Steier

The preparatory work for measuring the double differential neutron-scattering cross
section of sodium and lead by means of the time-of-flight technique is now in pro-
gress after the performance of experiments using the neutron generator of the IRK
was hampered for years by the renovation of the IRK building and the breakdown of
the 200kV power supply needed for D+-acceleration, respectively. For this reason we
started to build up the experimental setup including the repair and the replacement
of the worn-out parts of the neutron generator; especially the damaged power supply
was substituted. We also mounted the scattering chamber and the flight path, both
of them evacuable, and adjusted them. The indispensable transport system of the
sample was readjusted as well and its remote control was constructed anew. The
electronic setup was recomposed, too. First tests of the neutron generator showed
its proper and improved operation. Using a 2B2Cf-source the efficiency of the main
detector (NE213, 5"x2") for neutrons in the energy range from 1 MeV to 9 MeV
has been measured.

We thank the Physikalisch-Technische Bundesanstalt at Braunschweig for supplying
us with the 2B2Cf-source.



INVESTIGATION OF THE SPALLATION PRODUCTS FROM THE
INTERACTION OF 800 MeV PROTONS WITH ALUMINUM

H. Vonach, M. Noll, and M. Drosg3

Measurements of cross sections for formation of specific residual nuclei in
spallation reactions induced by high-energy protons have so far mainly been
performed by means of the activation method which is only applicable to unstable
nuclides, whereas cross-section measurements for formation of stable nuclides are
mostly restricted to special cases like formation of rare gases for which the
detection sensitivity is especially high / I / . A complementary method, which is
especially suited for the measurement of formation cross sections of even-even
nuclei, both stable and unstable, is the study of prompt 7-radiaticn emitted in
spallation reactions. This 7-radiation is mostly due to the last step of these
reactions, the deexcitation of the final residual nucleus, which is predominantly
formed in highly excited states. In case of even-even residual nuclei this
deexcitation process proceeds almost exclusively via the first excited 2+ levels of
these nuclei and thus the production cross section for the transition 2+ -»g.s. can be
used to infer the total production cross sections for these nuclei.

In order to provide an example of the practical application of this method - which
so far was apparently not used because of the expected very complex 7-spectra - we
have analyzed the 7-spectrum from the interaction of 800 MeV protons with
aluminum, which had been measured some time ago by one of the authors (M. D.)
for applied purposes.

In this experiment the prompt 7-spectrum for a 10 mg/cm2 Al-target exposed to
the 800 MeV proton beam of the WNR facility at the Los Alamos National
Laboratory was measured with a high-resolution Ge detector at 30 m distance
from the target at an angle of 150° relative to the proton beam. An efficiency
calibration of the detector in the energy range 0.8 - 2.6 MeV had been performed
by means of a ^Co calibration source. From the measured 7-spectrum which is
shown in Fig. 1 seven 7-lines corresponding to 2+ -»g.s. transitions in isotopes of
Mg, Ne, Si and O could be identified.
The spectrum of Fig. 1 was used to derive the areas of these 7-peaks by means of
the IRK spectrum-analysis program and the peak areas were converted into
relative cross sections using the relative 7-efficiencies determined in the ^Co
calibration measurement. A correction was applied for the attenuation in air as the
calibration measurement had been performed at a source-detector distance of one
meter whereas the actual measurement was done at a target-detector distance of
30 m. Absolute cross sections were obtained by normalizing our results to the

3 Institut für Experimentalphysik, Universität Wien.
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Fig. 1: Part of the prompt 7-ray spectrum from the interaction of 800 MeV
protons with aluminum. Indicated are seven 2+ - g.s. transitions in
isotopes of Mg, Ne, Si and O.

production cross section determined by Michel et al. / I / by mass-spectroscopic
measurement of the neon gas formed in the reaction.

In this normalization it was taken into account that the ^Ne production cross
section determined in Ref. 1 actually corresponds to the sum of the n¥ and ^Ne
production cross sections as the former decayed into ^Ne before the ^Ne was
measured. The results of this analysis are shown in Table 1.

The uncertainties of our preliminary cross-section values were obtained by
quadratic addition of the statistical uncertainties of the 7-peak area, the
uncertainty of the relative efficiency values and the uncertainty of the ^Ne cross
section value of Ref. 2 used for the absolute normalization, and the uncertainty in
the correction for the ^F contribution to the ^Ne cross section of Ref. 1.

A correction not yet included in this preliminary analysis is the loss of events in the
7-peaks due to the 7-emission during the slowing-down of the residual nuclei which
are typically formed with energies in the MeV range. Due to Doppler broadening
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Table 1: Cross sections for formation of even-even nuclei from interaction of Al
with 800 MeV protons (preliminary results).

Nuclide

«O

(MeV)

1.982
1.634
1.274
1.247
1.369
1.809
1.769

T1/2(ps)

2.00
0.70
3.70
3.00
1.44
0.47
1.00

ffnuclide ( m b

2.86 ± 0.45
11.2 ± 1.2
11.4 ± 1.1
0.45 ± 0.22
26.5 ±2.7
29.5 ± 3.2
2.3 ± 0.4

such events are not observed in the corresponding ,-peaks; these only show the 7-
emission by the stopped residual nuclei. As the slowing down time is about 10'13 s,
a noticeable correction will have to be applied for 7-transitions with half-life below
lps.

In addition to the discussed 2 + •* g.s. transitions a considerable number of
transitions (« 20) between low-lying levels in odd-odd and odd-mass nuclei were
also identified and the corresponding cross sections were determined. These cross
sections, however, represent only parts of the total formation cross sections for
these nuclides. It is hoped that - using nuclear model calculations for the relative
strength of the 7-transitions - it will also be possible to use these data for deriving
total residual-nucleus formation cross sections.

It is further planned to extend this method to the study of neutron induced
spallation of Al, for which as yet there are no data at all and the study of the
prompt 7-radiation is the only method to obtain cross sections for the formation of
specific residual nuclei.

/ ! / R. Michel et al., NucL Inst. Meth. B16,61 (1986).
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MEASUREMENT OF THE ACIWATION CROSS SECTION FOR THE
REACTION ^Nbfon '^Nb IN THE ENERGY RANGE 6 - 9 MeV

M. Wagner, H, Vonach, and R.C. Haight4

The reaction " N b ^ n ' ) 9 3 ^ is particularly important as a long-term activation
monitor in reactor dosimetry due to the long half-life (16.1 ± 0.2 years) / I / of the
produced 93mNb isomer and its low threshold ( = 3 1 keV). In recent years
considerable efforts - both in the experimental and the calculational area - have
been concentrated on establishing the excitation function of this reaction / 2 - 7/.
The re-evaluation of the 93Nb(n,n')93mNb cross section from the reaction threshold
to 21 MeV / 8 / , the results of which were incorporated into the International
Reactor Dosimetry File (IRDF-90) / 9 / , could therefore be based on experimental
data in the 0.73 - 6.0 MeV region; below 0.73 MeV and above 6.0 MeV statistical
model calculations / 7 / were used to establish the recommended cross sections for
the entire neutron-energy range of interest. Between 6.0 and 12.91 MeV, however,
an uncertainty of « 14 -18 % had to be admitted. In order to improve the status of
this cross section for dosimetry applications, additional measurements in the
neutron-energy region above 6 MeV are considered to be useful. For this purpose,
a series of activation measurements covering the 6 - 9 MeV range was started with
the aim of extending the experimental data base.

Niobium foils (diameter 2.0 cm, « 0.13 mm thick, purity: 99.9%) and Ni monitor
foils of natural isotopic composition were irradiated at the Los Alamos FN
Tandem Van-de-Graaff accelerator /10 / , using the H(t,n)3He reaction as a
neutron source. Approximately monoenergetic neutrons from = 5.9 MeV to 8.9
MeV were produced in a high-pressure (9.1 x 105 Pa) hydrogen gas cell by means
of a triton (t+) beam with beam energies from 11.5 to 15.1 MeV; the Nb and Ni
foils were positioned at zero degree relative to the incident t+-beam at a distance
of 4.0 cm from the end of the gas cell. At each energy two Nb/Ni sandwiches were
irradiated with the gas cell filled with Hj gas ("gas-in" irradiation runs) and
evacuated ("gas-out" irradiation runs) in order to correct for the effect of parasitic
neutrons stemming from triton break-up and (t,n) reactions in the gas-cell
structure - especially in the beam-stop foil. The irradiations typically lasted for
three hours resulting in a neutron fluence of « 2.8 x 1012 -1.0 x 1013 neutrons cm*2.
The neutron energy distributions averaged over the sample area were calculated
by integration both over the length of the gas target and the area of the samples
using the cross sections evaluated by Drosg et al. / l l / for the source reaction.

The cross sections for the ^Nb^n')9 3 1"!^ reaction were measured relative to the
cross sections, which had been determined in a parallel experiment

Los Alamos National Laboratory, Los Alamos, NM, USA.
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relative to the 238U(n,f) cross section /12/. In the regions where the 58Ni(n,p)58Co
cross section exhibits a nonlinear dependence on the energy, the respective
neutron-energy distributions were folded with the excitation function of the
reference reaction using 20 keV wide steps.

The effect of secondary neutrons was corrected for by subtracting the activities of
both ^Co and 93mNb produced in the "gas-out" irradiation runs from the activities
produced in the "gas-in' irradiation runs after normalization of the measured
activities produced in both runs to the same integrated charge. An uncertainty of
± 20% was assigned to these normalization factors. A small correction was applied
in order to account for the fact that the tritons hitting the beam-stop foil in the
"gas-out" runs had a slightly higher energy than in the respective "gas-in" runs due
to the energy loss in the Hj gas.

The ^ N b activities induced in the Nb foils were measured at the IRK by
detecting the Nb K-shell x-rays from the internal conversion of the 30.7 keV
isomeric transition by means of a calibrated Si(Li) x-ray spectrometer equipped
with a graded shielding. The experimental details including necessary corrections,
particularly for the high self-attenuation of the K-shell x-rays in the Nb foils, are
described in Refs. 4 and 5. The activity measurements were only started after the
complete decay of 92mNb induced in small amounts by parasitic neutrons with an
energy above the threshold of the 93Nb(n,2n)92mNb reaction. The constancy of the
efficiency of the Si(Li) detector was checked at regular intervals. Since the 93mNb
x-ray net count rates in the Ka- plus K^ x-ray peaks were very low (« 0.85 to 2.33
counts per minute for the samples irradiated in the "gas-in" runs and = 0.15 counts
per minute for the foils irradiated in the "gas-out" runs), the activity measurements
for each foil, interspaced by equally long background measurements, lasted for
about 30 days. Due to the low count rates special care had to be paid to K-shell x-
ray fluorescence induced in the samples by background radiation. Thus the
background spectrum was measured using a nonirradiated Nb foil of the same
dimensions as the irradiated foils.

The 7-ray activities from the decay of ^Co in the Ni fluence-monitor foils were
measured by means of standard 7-ray counting with a calibrated intrinsic Ge 7-ray
detector as described in detail in Ref. 13. The net count rates in the ^Co 7-ray and
the 93mNb x-ray peaks were corrected for activation enhancement due to elastic
scattering in the Ni and Nb samples. The neutron fluence hitting the Nb foils was
determined from the fluence incident upon the respective Ni monitor foils taking
into account geometry and neutron absorption at the different energies.
93mNb activity measurements have hitherto been completed for the samples
irradiated with neutrons in the energy range 5.93 - 7.95 MeV; for the Nb foils
activated at 8.90 MeV these measurements are still in progress. Preliminary results
for the cross sections in the 6 - 8 MeV region are shown in Fig. 1 and compared
with the experimental values reported by Gayther et al. / 3 / up to 5.76 MeV, to the
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Fig. 1: Preliminary results for the ^Nbfan')9 3"1^ cross section in the 6 - 8 MeV
neutron energy region compared with data reported in Refs. 3 and 5 and
with the evaluated cross sections contained in the IRDF-90 /9 / .

outcome of our irradiation experiment at 7.91 MeV carried out at the CBNM,
Geel, Belgium, using the D(d,n)3He source reaction / 5 / , and to the evaluated
cross section recommended for the IRDF-90 /9 / . Our previous result / 5 / is
normalized to the value of 159.4 /ig for the 238U mass in the fissile layer, which has
been used in both experiments as the basic fluence monitor.

U. Schötzig and H. Schrader, Report PTB-Ra-16/2,2nd ed., Physikalisch-
Technische Bundesanstalt Braunschweig (1986).
T.B. Ryves and P. Kolkowski, J. Phys G: Nucl. Phys. 7,529 (1981).
D.B. Gayther et al., Proc. Int. Conf. Nuclear Data for Science and
Technology, Mito, Japan, May 30 - June 3,1988,1057; (Ed. S. Igarasi),
Saikon Publ. Comp., Tokyo (1988).
M. Wagner et al., Ann. Nucl. Energy 15,363 (1988).
M. Wagner et al., Proc. Int. Conf. Nuclear Data for Science and
Technology, Mito, Japan, May 30 - June 3,1988,1049; (Ed. S. Igarasi),
Saikon Publ. Comp., Tokyo (1988).
Y. Dceda, A. Kumar and C. Konno, Proc. Int. Conf. Nuclear Data for
Science and Technology, Julien, Germany, May 13 -17,1991, paper B 29;
(Ed. S.M. Qaim), Springer Verlag, Berlin / Heidelberg (1992).
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/ 9 / N.P. Kocherov and H. Vonach, Proc. of the 7th ASTM-EURATOM

Symposium on Reactor Dosimetry, Strasbourg, France, Aug. 27-31,1990.
/10/ R.C. Haight and J. Garibaldi, Nucl. Sei. Eng. 106,296 (1990).
/ l l / M. Drosg et al., Report LA-10444-MS, Los Alamos National Laboratory

(1985).
/12/ D.L. Smith et al., Proc. Int. Conf. Nuclear Data for Science and

Technology, Julien, Germany, May 13 -17,1991,282; (Ed. S.M. Qaim),
Springer Verlag, Berlin / Heidelberg (1992).

/13 / H. Vonach, M. Wagner and R.C. Haight, Proc. Specialists' Meeting on
Neutron Activation Cross Sections for Fission and Fusion Energy
Applications, Argonne, Illinois, Sept. 13 -15,1989,165; (Eds. M. Wagner
and H. Vonach), OECD, Paris (1990).

INVESTIGATION OF (rym7) REACTIONS ON LEAD ISOTOPES FOR
NEUTRON ENERGIES UP TO 100 Me V5

A. Pavlik, H. Vonach, M. Chadwick6, R.C. Haight6, R.O. Nelson6, S.A. Wender6,
and P.G. Young6

The study of the (11̂ 017) reactions on Pb isotopes was continued by new
measurements on 208Pb and the analysis of the 1989 data (exploratory
measurements on all stable Pb isotopes) and the more accurate 1990 experiment
on 207Pb. In addition, detailed nuclear-model calculations on 206>207>208pb were
performed. New measurements of the 7-spectrum from the 208Pb(n^ai7) reaction
were carried out at WNR with improved statistics and good energy resolution
(= 2.5 keV) using a flight path of 41 m. An example of these data is shown in Fig. 1.
As apparent from the figure, 7-lines from the 2+ -»g.s. transitions from
206,204,202£00pb ^ g ciearly resolved. The determination of the corresponding 7-
production cross section for neutron energies up to about 200 Me V is in progress.
The 1989 data for 2H206,207,208pb md t h e 199Q d a t a for 207pb w e r e c o r r e c t e d for t h e

effects of short-lived isomers. The cross sections obtained by this correction
procedure correspond to the formation of the first 2+ levels of the various lead
isotopes by all 7-cascades except those via high-spin isomers with half-lives

Work supported by Fonds zur Förderung der wissenschaftlichen Forschung in Österreich
(project number P 7908-TEC)
Los Alamos National Laboratory, Los Alamos, NM, USA.
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Fig. 1: Part of the prompt 7-spectrum from the interaction of 80 -100 MeV
neutrons with 208Pb.

exceeding a few ns and thus essentially represent the feeding of the 2+ level from
excited states of low angular momentum.

These isomer-corrected cross sections were compared to combined exciton-model
and Hauser-Feshbach calculations using the code GNASH. These calculations
were performed with the conventional Gilbert-Cameron / I / level densities and
level densities based on the approach by Ignatyuk / 2 / which provides an explicit
treatment of the energy dependence of shell effects in nuclear level densities. Due
to the large shell effects in the vicinity of 208Pb, these two approaches predict
rather different excitation functions for (iym) reactions at higher neutron energies.
Thus, even within the very large uncertainties of the 1989 data it can clearly be
seen that the Ignatyuk level densities give a better description of the data (see
Fig. 2). Final analysis of the 1990 and 1991 data will allow more detailed
conclusions also concerning the spin dependence of nuclear level densities at
higher excitation energies.
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/ I / A. Gilbert and A.G.W. Cameron, Can. J. Phys. 43,1466 (1965).
/ 2 / A.V. Ignatyuk, G.N. Smirenkin, and A.S. Tishin, Sov. J. Nucl. Phys. 21,255

(1975).

MEASUREMENT OF NEUTRON-INDUCED FISSION CROSS SECTIONS
F O R 2 0 6 p b A N D 2 0 8 p b

A. Pavlik, H. Vonach, and S.A. Wender7

The data analysis for the experiment described in last year's progress report / I /
was completed. Fission cross sections for 238U given by Usowski et al. flf were
used to convert the measured ratios » „ / P b J / a ^ ^ U ) to fission cross sections for
206Pb and ̂ P b . Uncertainties of about 10% to 25% were estimated for the lead
fission cross sections. The results are displayed in Fig. 1. Comparison of the
experimental data with theoretical predictions is in progress.

Los Alamos National Laboratory, Los Alamos, NM, USA.
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Fig. 1: Cross sections for neutron-induced fission of 206Pb and 208Pb.

/ I / A. PavHk, H. Vonach, and S.A. Wender, IRK Progr. Rept. 1990,9 (1991).
/ 2 / P.W. lisowski et al., Proc. Specialists' Meeting on Neutron Cross-Section

Standards for the Energy Region above 20 MeV, Uppsala, May 21 - 23,
1991,177; Rept. NEANDC-305'U', OECD, Paris (1991).

THE ^Ufof) CROSS SECTION AND ITS RATIO TO THE ^
AND ^Fe^p^Mn CROSS SECTION IN THE 14 MeV REGION

G. Winkler, VJE. Lewis8, T.B. Ryves8, and M. Wagner

The response of a 238U fission chamber in a 3H(d,n)4He neutron field was
measured against the activation of iron and aluminium foils and the neutron
fluence as detennined from measurement of the associated alpha-particle fluence.
Using a value for the mass of the 238U deposit obtained from independent
measurements, the 238U(n,f) cross section was derived and also its ratio to the

Division of Radiation Science and Acoustics, Teddington, Middlesex, UK
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cross section for the ^Alfoa^Na and 56Fe(n,p)56Mn reactions was examined. The
results were consistent, but exhibited a discrepancy of 2 to 3% to the present
ENDF/B-VI evaluation of the ^Ufof) cross section in the 14 MeV range
(included in the International Reactor Dosimetry File).

Tliis work was presented at the International Conference on Nuclear Data for
Science and Technology, May 13 -17,1991, Jülich, Germany.

PREREQUISITES FOR ACCURATE ACTIVATION CROSS-SECTION
MEASUREMENTS

G. Winkler

A paper on this subject was presented at the International Conference on Nuclear
Data for Science and Technology, May 13 - 17, 1991, Jülich, Germany. Main
emphasis was put on the measurement of activation cross sections for fast-neutron
induced nuclear reactions. The particulars that affect the reliability and accuracy
of experimental energy-dependent cross-section data were discussed in the frame
of relevant basic topics such as sample assay, source-field characterization,
definition of the energy scale, optimization of irradiation conditions, modifications
of the neutron field, fluence-monitoring techniques and the implementation of
references or standards, determination of the relevant activity induced in the
samples, consideration of interferences, allocation of corrections, assignment and
reporting of uncertainties. Examples were given and suggestions were made based
on experiences and recent work in particular by the author and his co-workers.
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EVALUATION OF NUCLEAR DATA

UPDATE OF THE EVALUATION OF THE CROSS SECTIONS FOR THE
NEUTRON-DOSIMETRY REACTIONS 19F(n,2n)18F AND 93Nb(n,2n)92mNb

M. Wagner

The excitation functions for the reactions 19F(n£n)18F and ^ N b ^ n ^ N b , which
are included in the International Reactor Dosimetry File (IRDF-90) / I / , were re-
evaluated taking into account very recent experimental data. In the case of the
reaction 19F(n,2n)18F a new measurement reported by Hartmann and DeLuca / 2 /
covering the 18 - 27 MeV energy region, proved valuable for extending the neutron
energy range of our evaluation beyond 20 MeV. Besides, all additional
measurements not yet included in the former evaluation, especially in the 14 MeV
region, were taken into account.

The evaluation of the excitation function for the ^NbCn^n)92"1^ reaction as
published in Physics Data 13-5 / 3 / proved that the status of the recommended
cross section close to the threshold (from 9.0 to 10.6 MeV) was quite unsatisfactory
since large discrepancies existed between the few data sets reported for this energy
region; moreover, recent model calculations / 4 / which were part of a consistent
theoretical description of the main neutron-induced reactions on ^Nb,
considerably disagreed with most experimental data in the energy range in
question. Important new investigations carried out in different laboratories very
recently /5, 6/, however, provided a consistent answer to the open problems and
served to establish the 93Nb(n,2n)92mNb excitation function more reliably
particularly in the energy region from threshold to 12 MeV.

Applying the procedures used in the previous IRK evaluation /7, 8, 3 / with only
minor modifications, the cross sections of these two reactions and their
uncertainties were evaluated in energy groups with widths of 02 MeV to 2.0 MeV,
and relative correlation matrices of the evaluated cross sections at the different
energies were calculated. Moreover, the evaluated excitation functions in the
range from the respective thresholds to 20 MeV were checked by calculating a
fission-spectrum average, <a>, in the neutron spectrum of ^ ^ as evaluated by
Mannhart /9 / .

The new data did not alter the status of the 19F(n,2n)18F cross section in the energy
region from the threshold to 20 MeV with regard to the absolute values; in several
energy groups the uncertainties have been reduced. The chief modification with
respect to the former version concerns the extension of the evaluation beyond 20
MeV. In the case of the 93Nb(n,2n)92mNb cross section the new measurements
independently provided consistent results in the near-threshold region, thus
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resolving the discrepancies pointed out in Ref. 3. Therefore, much improved and
more reliable results could be obtained for neutron energies from the threshold to
12.5 MeV; above that energy the updated recommended values agree with those
given in Ref. 3 within the limits of the uncertainties; no change at all occurred in
the 13.4 - 15.0 MeV range. The results of the re-evaluation /10/ as displayed in
Fig. 1 are intended to replace the corresponding data given in Physics Data 13-5
and the recommended cross sections for these two reactions in the IRDF-90.
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Fig. 1: The re-evaluated ^ N b ^ n ^ N b excitation function from the threshold
to 20 MeV as compared with the cross sections recommended in the
IRDF-90 / I / .

/ I / N.P. Kocherov and H. Vonach, Proc. of the 7th ASTM - EURATOM
Symposium on Reactor Dosimetry, Strasbourg, France, Aug. 27-31,1990,

/ 2 / C.L. Hartmann and P.M. DeLuca, Jr., Nud. ScL Eng. 109,319 (1991).
/ 3 / M. Wagner et al., Physics Data 13-5,175, Fachinformationszentrum

Karlsruhe (1990).
/ 4 / B. Stronmaier, Ann. Nud. Energy 16,461 (1989).
/ 5 / D.C. Santry and R.D. Werner, Can. J. Phys. 68,582 (1990).
/ 6 / D.L. Smith et al., Proc. Int. Conf. Nuclear Data for Science and

Technology, Julien, Germany, May 13 -17,1991,282; (Ed. S.M. Qaim),
Springer Verlag, Berlin / Heidelberg (1992).



- 2 7 -

/ 7 / S. Tagesen, H. Vonach and B. Strohmaier, Physics Data 13-1,
Fachinformationszentrum Karlsruhe (1979).

/ 8 / B. Strohmaier, S. Tagesen and H. Vonach, Physics Data 13-2,12,
Fachinformationszentrum Karlsruhe (1980).

/ 9 / W. Mannhart, Proc. IAEA Advisory Group Meeting on Properties of
Neutron Sources, Leningrad, USSR, June 9 -13,1986, Report IAEA -
TECDOC - 410, IAEA, Vienna (1986).

/10/ M. Wagner, Report INDC(AUS)-014, IAEA, Vienna (1991).

EVALUATION OF ANGLE-INTEGRATED NEUTRON-EMISSION CROSS
SECTIONS FROM THE INTERACTION OF 14 MeV NEUTRONS WITH
MEDIUM-MASS AND HEAVY NUCLEI

A. Pavlik and H. Vonach

An update of the 1988 evaluation / I / of angle-integrated neutron-emission cross
sections, differential with respect to energy, has been star.cd as new experimental
results for eight of the ten elements covered in Ref. 1 have become available.
These are data on W and Bi from the Institute of Physics and Power Engineering,
Obninsk /2/, on W and Ta from the Technical University Dresden / 3 / , on Cr, Fe,
Ni, Nb, Ta and Bi from Tohoku University /4 / , and on Cr, Fe, Ni, Nb, Mo, Ta, W
and Bi from Osaka University /5 / .

Numerical values of the angle-integrated emission cross section and detailed
uncertainty information was obtained directly from the experimentors within the
coordinated research program (CRP) of the IAEA on measurement and analysis
of 14 MeV neutron-induced double-differential neutron-emission cross sections for
fission- and fusion-reactor technology. The results of this new evaluation will be
presented at the next coordination meeting of the CRP in March 1992.

/ I / A. Pavlik and H. Vonach, Physics Data 13-4, Fachinformationszentrum
Karlsruhe (1989).

/ 2 / S.P. Simakov et al., Report INDC (CCP)-315/L, Vienna (1990).
/ 3 / K. Seidel, priv. comm.
/ 4 / M. Baba et al., Proc. Int. Conf. Nuclear Data for Science and Technology,

Mito, Japan, May 30 - June 6,1988,291; (Ed. S. Igarasi), Saikon Publ.
Comp., Tokyo (1988), and priv. comm.

/5/ A Takahasbi et al., J. NucL Sd. and Technol 25,215 (1988), and priv.
comm.
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DETAILED STUDY OF UNCERTAINTIES AND CORRELATIONS IN THE
NEUTRON NUCLEAR DATA OF 52Cr, ^Fe, »Ni AND ^Si FOR THE
EUROPEAN FUSION FILE

S. Tagesen and H. Vonach

The work on the derivation of uncertainty and covariance information for the
neutron nuclear data of 52Cr, ^Fe, ^Ni and ^Si was completed. The results were
published / I , 2/ and, as far as possible, incorporated into the European Fusion
File EFF-2 in form of files 33 and 134. In addition to the uncertainties of all major
cross sections and of the reduced Legendre coefficients discussed already in the
1990 progress report, uncertainties for the total ^-production cross sections and
rough estimates for the uncertainties of the shape of the secondary neutron and 7-
ray spectra were derived. For a rough characterization of these uncertainties we
used the uncertainty in energy of the median of the neutron spectra and in case of
the 7-spectra the fraction of high-energy photons with energies exceeding 2 Me V.
Uncertainties for all quantities discussed were derived from the comparison of
different evaluated data files as described in our 1990 progress report.

/ I / S. Tagesen and H. Vonach, Proc. Int. Conf. on Nuclear Data for Science
and Technology, Jülich, Germany, May 13 -15,1991,871; (Ed. S.M.
Qaim), Springer Verlag Berlin / Heidelberg (1992).

/ 2 / H. Vonach, S. Tagesen, M. Wagner, and A. Pavlik, Uncertainty Estimates
for the Fast-Neutron Cross Sections of the European Fusion File EFF for
52Cr, ^Fe, 58Ni and ^Ni and Evaluation of the 14 Me V Cross Sections of
these Isotopes from the Existing Experimental Data Base, Final Report
for Contract Nr. 395-89-8/FU-D/NET.
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APPLICATTONS OF NUCXEAR METHODS

RADON MEASUREMENTS FOR EARTHQUAKE PREDICTION
RESEARCH

H. Friedmann and L. Mossbauer1

The observation of the spring-water radon concentration in Warmbad Villach
(Carintbia/Austria) continued. The improved deemanation unit proved to be very
reliable. No significant deviations from the normal radon concentration could be
observed. During several weeks no data could be collected because of problems
with the recorder.

A new radon measuring station is under construction which shall be used below a
huge dam (Maltasperre, Carinthia) to measure the radon concentration as a
function of the water level. This can perhaps give more information about the
behaviour of ground water radon in stressed rock than experiments in the
laboratory. A computer code was developed for reading the measurements directly
into a computer. The apparatus shall be installed in spring 1992.

STABLE ISOTOPE INVESTIGATIONS

E.Pak

Sulfur isotope investigations were continued for age classification of evaporitic
rocks, for hydrological studies of spring water, and for determination of origin of
natural gas.

The mass spectrometer has also been in use for carbon isotope analysis
supplementary to radiocarbon dating.

Measurement of oxygen isotopes has been established in cooperation with
P. Zimprich (cf. p. 30).

Geotechnisches Institut der Bundesversuchs- und Forschungsanstalt Arsenal.
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ISOTOPIC FRACTIONATION AND RADON LEAKAGE IN
LOESS FORMATIONS AT STIEFERN, LOWER AUSTRIA

P. Zimprich, H. Friedmann, E. Pak, E. I^itner-Wild, and P. Hille

The isotopic ratios nC/12C and 18O/16O were measured in CO2 gained by
dissolving the CaCO3 from samples of the loess formation at Stiefern, Lower
Austria2. The variation of the isotopic composition versus depth in the loess profile
is shown in Fig.l. The analysis of the isotopic fractionation observed might yield
information about temperature, precipitation and vegetation during the last glacial
cycle (see e. g. Refs. 1 - 4).

Fig. 2 shows the radon leakage into water from the 44 original samples of the loess
profile at Stiefern. The radon leakage provides an additional parameter to
characterize the samples.
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Fig. 1: Variations of 13C/12C and 18O/16O (arbitrary units) of the Stiefern loess
profile. Paleosoils are indicated with roman numbers.

We thank S. Verginis (Institute for Geography, University of Vienna) for providing the samples.
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Fig. 2: Radon leakage of the 44 samples.

By analyzing the new parameters and comparing them with the large body of
information concerning the loess formation at Stiefern already collected /5 , 6/
new insight in the paleoclimatic history of Austria will hopefully be gained in the
near future.

/ I / J.V. Vogel, Geochim. et Cosmochim. Acta 16,236 (1959).
/ 2 / R. Bowen, Isotopes in the Earth Sciences, Elsevier Appl. Science

Publisher Ltd., London (1988).
/ 3 / M.A. Arthur, Nature 310,450 (1984).
/ 4 / M.E. Tucker and V.P. Wright, Carbonate Sedimentology, Blackwell

Scientific Publ., Boston (1990).
/ 5 / S.A. Rehberger, Physiogeographische Untersuchungen des unteren

Kamptales, diploma thesis, University of Vienna (1988), unpublished.
/ 6 / E. Leitner-Wild, P. Hille, H. Aref-Azar, and S. Verginis, IRK Prog. Rept.

1990,39 (1991).
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RADIOCARBON DATING LABORATORY

E. Pak and W. Vonach

The Vienna Radium Institue (VRI) radiocarbon laboratory is engaged in
interdisciplinary cooperation in numerous fields of investigation (history,
archaeology, prehistory, glaciology, climatology, geology, etc.), preferably with
Austrian universities, museums, and other scientific institutions, but in case of free
capacity also with scientists abroad. Dating of wood, charcoal, peat, bone, etc., up
to approximately 40 000 years B.P. is done with a proportional counter low-level
system.

ISOLATION OF URANIUM AND THORIUM FROM PURE CARBONATE
SPELEOTHEMS FOR URANIUM-SERIES AGE DETERMINATION3

E. Leitner-Wild and I. Steffan4

As already mentioned in last year's progress report / I / , a refined chemical
procedure for the isolation of uranium and thorium from carbonate material was
developed during the course of the uranium-series age determination of alpine
cave sediments. The new procedure / 2 / (schematically shown in Fig.l) was tested
by its application to calcium carbonate and real carbonate speleothem samples.
The synthetic and the real samples were spiked with 100 ng of uranium and 10 ng
of thorium. The added amounts of the chemical standards were dimensioned
considering the detection limits of the Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES) used for the final determination of both
elements. Almost quantitative recoveries of uranium and thorium from carbonate
matrices were achieved by performing anion-exchange separation of uranium from
the sample solution prior to the co-precipitation of thorium with iron hydroxide.
Thereby, a reduction of the uranium yields caused by forming soluble uranium
carbonates due to the presence of carbon dioxide in the ammonia used for
neutralization or in the sample solution was avoided. This is advantageous
compared to the separation procedures described in literature /3 - 6/ starting with
the co-precipitation of both uranium and thorium together with hydroxides. The
applicability of the procedure for the uranium-series dating of speleothems could
be demonstrated for two cave localities /2 / .

Work supported by Fonds zur Förderung der wissenschaftlichen Forschung in Österreich
(grant numbers 6S14 and 4795).
Institute for Analytical Chemistry, University of Vienna.
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Fig. 1: Separation scheme for uranium and thorium from carbonate samples.

/ I / E. Leitner-Wüd and LSteffan, ERK Progr. Rept. 1990,45 (1991).
/ 2 / E. Leitner-Wild and I. Steffan, submitted for publication in Radiochim.

Acta(1992).
/ 3 / H.P. Schwarcz, Archaeometry 22,3 (1980).
/ 4 / R.S. Harmon, P. Thompson, H.P. Schwarcz, and D.C. Ford, Nat. Speleol.

Soc. Bull. 37,21 (1975).
(5/ A. Kaufmann and W. Broecker, J. Geophys. Res. 70,4039 (1965).
/ 6 / T. L Ku, J. Geophys. Res. 70,3457 (1965).



-34-

THERMOLUMINESCENCE DATING OF SEDIMENTS

F. Weninger, E. Leitner-Wild, R. Nowotny, and P. Hille

First dating measurements with the newly devised thermoluminescence (TL) read-
out system / I / were successfully completed. The age of the paleosoil II of the loess
sequence near Stiefern (Lower Austria) / 2 / was determined to be 87 000 years
(± 18 %).
The TL signal of polymineral fine-grain samples was measured in the UV region.
The natural-dose rate was determined by measuring the concentrations of the
radioactive elements in the samples by -y-spectrometry. Special attention was paid
to the different TL efficiencies of a-induced TL and the TL induced by weakly
ionizing radiation (ß,y). Fig. 1 demonstrates the dating procedure by comparing
the natural TL signal with the TL-regeneration curves produced by artificial

unbleachable rest signal

0 25 50 75 100 125 150 175 200

artificial irradiation / natural irradiation rate [103 yr]

Fig. 1: Artificial TL-regeneration curves induced by different kinds of radiation:
a) a-radiation; b) weakly ionizing radiation; c) radiation of both kinds;
d) mathematical reconstruction using a) and b).
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radiation after sample bleaching. The natural TL growth was reconstructed in two
different ways:

i) directly by measuring the XL-regeneration curve of samples irradiated with
alpha- plus weakly ionizing radiation (Fig. 1, curve c), and

ii) by a procedure composing the total regeneration curve from its components
due to the different kinds of radiation mentioned above (Fig. 1, curve d). (For
details see Ref. 3.)

Absolute dating of loess sequences is needed for interdisciplinary studies dealing
with the regional paleoclimate during the ice ages / 2 / . Dating of additional
samples from other layers of the sequence is planned for the near future.

/ I / R. Nowotny, F. Weninger, E. Leitner-Wild, and P. Hille, IRK Progr. Rept.
1990,46(1991).

/If E. Leitner-Wild, P. Hille, H. Aref-Azar, and S. Verginis, IRK Progr. Rept.
1990,39 (1991).

/ 3 / F. Weninger, Ein Meßsystem zur Thennolumineszenz-Datierung, diploma
thesis, University of Vienna (1991), unpublished.

DETECTION OF FOOD IRRADIATION BY THERMOLUMINESCENCE
MEASUREMENT

T. Dang], E. Leitner-Wild, R. Nowotny, and P. Hille

Food irradiation is used for the preservation of foodstuffs in many countries.
Methods for identification of radiation-exposed food are needed for control
purposes and customers' information.

The suitability of thermoluminescence (TL) measurements for the detection of
irradiated food is well known / I , 2/ . As the TL signal of fruits, vegetables and
spices has its origin in mineral particles clinging to the surface / 3 , 4/, these
impurities were isolated and their TL output was measured in the
thermoluminescence reader of the IRK fSf. Especially in case of mushrooms and
kiwi-fruits this method shows useful results (Fig. 1).
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Fig. 1: Mushroom glow curves; a) nonirradiated, b) irradiated with 500 Gy.
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LYOLUMINESCENCE OF SUGAR FOR A POSSIBLE APPLICATION IN
ACCIDENT DOSIMETRY

H R. Smital, E. Leitner-Wild, R. Nowotny, and P. Hille

As reported in Ref. 1, different kinds of sugar have been used for lyoluminescence
(LL) analysis after irradiation with ^Co-gamma sources5 in a dose range of 0.01-
2000 Gy. The influence on LL yield of several parameters was studied (purity of
water, its age after distillation, temperature, amount of solvent, amount of sugar,
bleaching, fading and mechanical stress). The minimal detectable dose for white

5 We thank W.F.O. Schmidt and N. Getoff for providing the ̂ Co-gamma irradiation.
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sugar (200 mg) dissolved in 60 ml bi-distilled water is about 0.5 Gy. The LL signal
for this dose can no longer be discriminated against the electronic noise from the
detection system.

The use of solvents containing luminol (with and without haemin) turned out not
to be very helpful. The enhancement of the LL signal which is rather high
compared with pure water as solvent, could not be fully exploited because of a lack
of reproducibility. The best results were obtained by increasing the mass of the
sugar sample to 3 g (Fig. 1). The detection threshold of absorbed dose (about
0.2 Gy) is determined from the variation of recorded background signals from
nonirradiated sugar samples of different origin.
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Fig. 1: Dose response of white sugar (3 g dissolved in bi-distilled water).

Additional measurements of thermoluminescence and of the light emission due to
mechanical stimulation (triboluminescence) were performed with sugar and
different kinds of common salt. (Details of the thermoluminescence reader used
are reported in Ref. 2, the device for the mechamcal stimulation was published in
Ref. 3.) In the case of sugar samples, LL seems to be the luminescence method
best suited for applications in accident dosimetry, whereas for salt samples
thermoluminescence turns out to be superior.

/ I / H.R. Smital, P. Hille, E. Leitner-Wild, and R. Nowotny, IRK Progr. Rept.
1990,48 (1991).

/ 2 / R. Nowotny, F. Weninger, E. Leitner-Wild, and P. Hille, IRK Progr. Rept.
1990,46 (1991).

/ 3 / K. Copty-Wergles, R. Nowotny, and P. Hille, Radiat. Prot. Dosim. 33,339
(1990).



-38-

ENVIRONMENTAL INVESTIGATIONS

THE AUSTRIAN NATIONAL RADON PROJECT (ÖNRAP)1

H. Friedmann (coordinator)

Approximately 50% of the natural radiation-dose burden are due to the inhalation
of radon and its daughter products. From standard risk models it can be derived
that 5 to 15% of all cases of lung cancer could be due to the inhalation of radon.
Therefore the ÖNRAP was launched by the Federal Ministry for Health. It aims at
reducing the exposure to radon of the Austrian population. In the first step data
which may be relevant for the radon concentration in houses were searched. These
data shall be collected in a data bank. With these data a decision can be made
which additional measurements and investigations shall be done. As a first aim a
radon potential map of Austria will be worked out.

Participating institutions: Amt der Oberösterreichischen Landesregierung, Atominstitut der
österreichischen Universitäten, Bundesanstalt für Lebensmitteluntersuchung und -forschung,
Geotechnisches Institut der Bundesversuchs- und Forschunsanstalt Arsenal, Geologische Bundesanstalt,
Institut für allgemeine Biologie, Biochemie und Biophysik der Universität Salzburg, Institut für Kernphysik
der Technischen Universität Graz, Institut für Meteorologie und Geophysik der Universität Wien und
Geologische Bundesanstalt, Hauptabteilung Strahlenschutz des Österreichischen Forschungszentrums
Seibersdorf, Versuchsstelle für Strahlenschutz und Kemtechniuk der Universität Innsbruck.
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