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PREFACE

As in the case of the former volumes, the present Annual
Report contains short reports on the results /often rather
preliminary ones/ obtained in the research works going on 1in
this institute. Results published already have not been in-
cluded .

As can be seen, nearly half of the reports come from the
field of nuclear and atomic /collision/ physics, while the
fields of materials science and analysis, earth and cosmic
sciences, environmental research, biological and medical
sciences, development of methods and instruments make the other
half of the reports.

In the last year a discussion was finished iIn this insti-
tute to outline the future of the above six larger research
fields in ATCMKI. The work was started on the basis of the
written opinion of three-three colleagues iIn every fTield con-
cerned, the 1issue was discussed first in smaller groups, later
by the management, and finally by the whole research community
of the institute.

One of the main conclusions of the above series of dis-
cussions 1iIs that the establishment of a modern i1on source
/probably ECR/ of highly charged ions would be desirable from
the point of view of different fields /nuclear and atomic
physics, materials science etc./, it is a real step forward in
the development of our accelerators too /e.g. the usage of the
ECR 1on source at the MGC cyclotron/. There is no final de-
cision yet in this issue, but an iIntensive preparatory work 1is
in progress.

Debrecen, February 9, 1990

Professor Dénes Berénypg
Director /
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LOW-ENERGY RESONANCES IN 25Mg(p.y)2@Al, 28ig(p.y )27A1 AND
27A1(p .y )28Si

Ch. I1liadis*, Th. Schange*, C. Rolfs*, U. Schrdder*, E. Somor-
jai, H.P. Trautvetter* K. Wolke*, P_.M. Endt**, S.W. Kikstra**
A_E. Champagne4-, M. Arnould++, and G. Paulus4'4

Abstract: Gamma-ray decay schemes have been measured with bare
and Compton-suppressed Ge detectors at low-energy resonances
(E- < 340 keV) in the (p,y) reactions on 25Mg, 2@Mg and 27Al.
Altogether 58 new decay branches have been observed and a new
26Mg(p,y)27A1 resonance has j”™een found at Ep = 154.5+1.0 keV.
The new branchings lead to J; T determinations (or limitations)
for two states in a6Al and four states iIn 28Si. The absolute
strengths of the 25Mg(p,y)2®A1 and 2&Mg(p,y)27A1l resonances
also have been obtained, and the uncertainties of the stellar
rates, deduced from the available data for both reactions, are
significantly reduced. Some astrophysical consequences are dis-
cussed.

Part of a Compton-supressed y-ray spectrum showing
some of the new primary transitions.

(Submitted for publication in Nucl. Phys.)

* Institut fur Kernphysik, Universitat Minster, W. Germany

** R.J. Van De Graaff Laboratorium, Rijksuniversiteit
Utrecht, The Netherlands

+ Department of Physics, Princeton University, Princeton,
USA

++ Institut d"Astrophysique, Universite®™ Libre, Bruxelles,
Belgium



INVESTIGATION OF THE 58Ni(p,pn)57Ni MONITOR REACTION
F. Tarkanyi, F. Szelecsényi, P. Kopecky+

The monitor reactions are very useful for beam intensity and
effective beam energy measurement in applied field LI]. For low
and middle energy protons only very few monitor reactions are
used because of the lack of precise cross section data in wide
range of energy. Since in our nuclear data program we frequently
use chemically resistant nickel backing foils as a continuation
of our study of nuclear reactions induced by charged particles
we investigate the 58Ni(p,pn) 57Ni reaction as a monitor.

The excitation function of 58Ni(p,pn) 57Ni reaction were
measured by usual stacked-foil technique. High purity natural Ni
foils of 10 and 25 pm (Goodfellow, Cambridge, England) were used
as targets. The Ni stacks were interspersed with 8 and 22 pm
thin copper foils (Goodfellow) to degrade the beam energy and to
determine in each foil the beam intensity and to control the
proton energy. The targets were bombarded in the external beam
of fte2 U-120M (30 MV and 22 MeV entrance energies), of the
Julich CV-28 (22 MeV) and of the Debrecen MGC-20E (18 MeV)
cyclotron. The direct measurement of the beam <currents were
performed by a Faraday cup. The data evaluation and the error
calculation were identical or similar to those described in our
previous study [2] . Typical estimated uncertainties in energy
are 0.5-0.8 MeV in the whole measured region. The errors in cross
sections were estimated to be 10-15%.

The obtained reaction cross sections are presented in Table

1. In the Fig.l. the measured cross sections are compared with
the data obtained in the literature [3] [4] [5].As it is shown
in Fig.l. in spite of the different irradiation and measuring

circumstances our results are in very good agreement with all
the earlier published data in the investigated energy region.
The available reaction parameters, the decay data of the product
nuclei [57Ni] and the chemical and physical properties of the
target material indicate that the above mentioned reaction s
very promising for monitoring of proton beam and the natural Ni
could be used complementary to natural copper.

References
1
[1] Proceedings of the IAEA Consultants Meeting on Data
Requirements for Medical Radioisotope Production
Edited by K. Okamoto, 1988, Vienna. IAEA INDC(NDS)-195/GZ
[2] F. Tarkanyi, F. Szelecsényi, Z. Kovacs, S. Sudar,
Radiochimica Acta (accepted), ATOMKI Prepint 5-1989P
DJ S. Kaufman, Phys. Rev. 117(1960)1532
[4] S. Tanaka, M Furukawa, M Chiba, J. Inorg. nucl. Chem.
34(1972)2419
[5] R. Michel, H. Weigel, W Herr, Z Physik A286(1978)393

+Dept. of Radiopharmaceuticals, Nucl. Research Institute, 250 68
Re2, Czechoslovakia



Table 1. Formation cross sections of ~Ni(p ,pn)~Ni reaction

Proton energy <J(mb) Proton energy <J(mb)
(MeV) ~8Ni(p ,pn)™Ni (MeV) 58Ni(p,pn)57Ni
14.4 3.6 20.5 171
14.8 5.6 20.9 198
15.0 7.4 21.0 190
15.7 22.3 21.2 193
16.0 23.1 21.4 191
16.2 29.5 21.5 223
16.8 56.5 22.1 208
17.1 64.7 22.6 225
17.3 67.6 23.4 220
17.7 82.0 24.0 247
17.9 100 24.5 253
18.2 119 25.3 262
18.4 116 25.8 273
18.4 111 26.3 272
19.0 141 27.0 270
19.1 129 27.5 282
19.3 148 27.9 267
19.5 149 28.7 259
20.0 167 29.1 244
20.0 176 29.6 251
20.3 174

Fig.l. Excitation function for 58Ni(p,pn)57Ni reaction



LEVEL STRUCTURE OF 77Br FROM THE REACTION 78Se(p,2ny).

Zs. Ftilop, A.zZ. Kiss, E. Somorjai

In comparison to the neighbouring bromine isotopes rela-
tively little information on the level structure of 77Br was
available at the beginning of this study [1]-

Thin selenium targets enriched to 90 % in 78Se were bom-
barded with 12 and 18 MeV protons from the MGC cyclotron of
the Institute. The y-radiation was detected in a Ge(Li) 25 cm3
and inaLEPS y-detector (for Ey< 600 keV). The target material
and the whole set-up was tested at Ep= 12 MeV, where mostly
y-rays from the 78Br nucleus excited in the well-known 78Se
(p,n) reaction [2] were seen. At Ep = 18 MeV the measured y-
spectra showed the dominance of y-rays from 77Br. The 77Br
nucleus was excited in the 78Se(p,2n) reaction (Q= -12.8 MeV)
for the Tfirst time, according to our knowledge.

Preliminary analysis of the experimental results supports
the recent 77Br level scheme of DOring et al. [3] deduced
mainly from their 75As(a,2n) studies. Fig. 1. shows the part of
the above mentioned level scheme, confirmed by our measurement.
The dotted lines indicate ambiguous determinations mainly due
to the low statistics and the absence of yy coincidence measure-
ments .

Further study of the level structure of 77Br via the 78Se
(p,2n) reaction is under course.

17/2" 23394

Fig. 1. Part of the level scheme of 77Br. (For explanation
see the text.)

REFERENCES

[1] B. Singh and D .A. Viggars, Nuclear Data Sheets 29(1980)75

[2] 1ibid 30(1981)189

[31 J. Doring, L. Funke, R. Schwenger and G. Winter, Zentral-
institut fur Kernforschung, Rossendorf, private communi-
cation.



STRUCTURE OF 106In NUCLEUS

J. Gulyas, Zs. Dombré&di, T. Fényes, J. Timar, A. Passoja+,
J. Kumpulainen++ and R. Julin++

The structure of 136In has been studied with In-beaw y-
and electron-spectroscopic methods [1, 2]. A more complete level
scheme of 10GIn has been proposed which contains 49 levels below
1650 keV excitation energy. On the basis of the iInternal con-
version coefficients of transitions, Hauser-Feshbach analysis
of (p,n) reaction cross sections, y-ray angular distribution
and other arguments spin and parity values have been deduced.
The energy splittings of p-n multiplets have been compared with
the predictions of the parabolic rule. The energy levels, wave
functions, electromagnetic moments, as well as reduced MI and
E2 transition probabilities were calculated in the framework of
the interacting boson-fermion-fermion/ odd-odd truncated guad-
rupole phonon model ({(IBFFM/0TQM), and reasonably good agreement
was obtained with experimental data (Fig.l).

This work was supported partly by the National Scientific
Research Foundation /0TKA/.

References:

1. J. Gulyas et al., ATOMKI Ann. Rep. 1988, p. b.
2. J. Gulyas, Zs. Dombradi, T. Fényes, J. Timar, A. Passoja,
J. Kumpulainen and R. Julin, ATOMKI Preprint 3-1989 P,

Debrecen.

University of Joensuu, Department of Physics, Finland
++ University of Jyvaskyla, Department of Physics, Finland
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IBFFM/0OTQM energy spectrum of 106In in comparison with
experimental data. After the spin and parity of the
state 'purity’” 1is shown in %, which characterizes the
total strength of the indicated configuration in the
wave Tunction. States having identical main components
are connected with solid lines.



LEVEL SCHEME OF 11®Sb FROM (p,ny) REACTION

Z. Gacsi, T. Fényes and F. Horvath

The y-ray and internal conversion electron spectra of the
116Sn(p,ny)116Sb reaction were measured at Ep = 6.3, 6.7, ari 7.2 MeV
bombarding energies with Ge(Li), Ge(HP), Ge(HP, LEPS) y and
superconducting magnetic lens plus Si(Li) electron spectrome-
ters. The energies and relative intensities of 90 11®Sb y rays
(including 25 new ones, compared to the literature [1-3]), as
well as internal conversion coefficients of 21 116Sb transitions
were determined. Angular distribution data have been obtained
for 56 y rays. A more complete level scheme of 116Sb has been
deduced, which contains 38 (among them 17 new) levels below
1500 keV excitation energy (fig. 1). Multipolarities of tran-
sitions and y-ray branching ratios have been deduced. Calcu-
lated Hauser-Feshbach (p,n) cross sections were compared with
experimental values. Level spins and parities have been de-
termined on the basis of Hauser-Feshbach analysis, 1internal
conversion coefficients, and y-ray angular distribution data.
The energies of several 116Sb proton-neutron multiplets were
calculated using the parabolic rule. Members of different
multiplets have been identified*

This work was supported partly by the National Scientific
Research Foundation (OTKA).

REFERENCES

[1] J- Blachot, J.P. Husson, J. Oms, G. Marguire and F. Haas,
Nucl. Data Sheets 32 (1981)287.

[2] C. B. Morgan, Ph. D. thesis, Michigan State Univ., 1975
(unpublished).

[31 R. Kamermans, H. W. Jongsma, T. J. Ketel, R. van der Wey,
and H. Verheul, Nuci. Phys. A266 (1976) 346.

[4] Z. Gacsi, T. Fényes and F. Horvath, in this volume.
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Fig. 1. Proposed level scheme of 11eSb from 116Sn(p,ny)116Sb
reaction. Open squares and solid circles at the ends of arrows
indicate YY-coincidence relations according to Morgan [2] and
to our (a,ny) data [4], respectively, y-ray branching ratios
and multipolarities are also given. Former results are shown
on the left side (compilation of Blachot et al. [1]).



LEVELS OF 116Sb FROM (a,ny) REACTION

Z. Gacsi, T. Fényes and F. Horvéath

The y-ray and internal conversion electron spectra of the
113In(a,ny)116Sb reaction were measured at 14.5 and 16.0 MeV
bombarding a-particle energies with Ge(Li), Ge(HP), Ge (HP,IEPS)
y and superconducting magnetic lens plus Si(Li) electron spec-
trometers. The energies and relative iIntensities of 189 11®Sb
y rays (including 117 new ones, compared to the former results
[1-5]), as well as internal conversion coefficients of 59 116Sb
transitions have been determined, yy-coincidences were also
measured at Ea = 16 MeV. Both low-spin and high-spin level
schemes have been deduced, which contain 61 (among them 32 new)
levels (figs. 1 and 2). Multipolarities of transitions and
y-ray branching ratios have also been deduced. Level spins and
parities have been determined mainly from internal conversion
coefficients and the results of our (p,ny) study [6]- Members
of different proton-neutron multiplets have been identified
on the basis of parabolic rule calculation and other arguments.

This work was supported partly by the National Scientific
Research Foundation (OTKA).
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Ruyven, M. J. A. de Voigt, and H. Verheul, Nucl. Phys.
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PROTCON ELASTIC SCATTERING CN BEVEN Sn ISOTOPES
NEAR THE OULOMB BARRIER

M Jo6zsa, Z Maté, T. Vertse and L Zolnai

The anomalous behaviour of the optical potential in the
neighbourhood of the Coulomb barrier was shown for p+ Sn and
p+ Sn scattering in the papers [13 and [23. The real depth of
the proton optical potential increased more rapidly than the
depth values predicted by the well known global fits CPerey,
Becchetti -GreenleesD as the center-of-mass energy came closer
to the Coulomb barrier.

E lastically scattered proton angular distribution

measurements have been extended for the ? Sn nuclei in the
i 122124 . .

same way as it was presented for Sn nuclei in the

last Annual Report 33. From the optical model analysis of the
measured angular distributions volume integrals per nucleon of
the real potential were derived. The experimental data seems to
support the anomalous behaviour of the volume integrals as it
is demonstrated for the case of 1ZZ5n in figure 1. The dashed

line shows the volume integral calculated from the global
potential of Perey [43 and the solid line represents the volume
integral based on microscopic optical potential calculus

introduced by Jeukenne, Lejeune and Mahaux CJL M-potentialD [53.

Fig.l. The energy dependence
of the real part of the
volume integral of the
photon optical potential for

Sn. The experimental
values were obtained from
optical model analysis with
Perey geometry.

References
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STOPPING OF LIGHT IONS IN COMPOSITE AND METALLIC FOILS.

J. Dominguez, Zs. Fiilop, A.Z. Kiss, M +Bjonberg+,
J. Raisanen™* and E. Rauhala

Our programme [1] to measure stopping powers of composite
and metallic foils for protons and helium 1ions has been continued
during 1989. This work is motivated by the fact that although
accurate stopping power data are needed in many applications
they are poorly known yet especially for composite foils and
in seme cases either for pure elements.

The measurements were performed in the transmission geo-
metry and exploited the wide energy range of protons and alpha
particles provided by the Van de Graaff accelerator and the
MGC cyclotron of the Institute.

Stopping power values for alpha particles in the Kodak
LR 115 nuclear track detector material and in Al and Sn have
been measured in the energy range of 1 to 11 MeV. Also stepping
power values for protons have been determined in the Kodak LR
115 and Sn nearly in the same energy range. A comparison of the
experimentally determined stopping power values with an empiri-
cal model based on the Brandt-Kitagawa theory 1is in progress.

In the frame of a co-operation project with the University
of Helsinki the measurements were extended to ions of higher
Z number like Li and C.

REFERENCE

A.z. Kiss, E. Scmorjai, J. Raisanen and E. Rauhala,
Nuclear Instruments and Methods iIn Physics Research
B39 (1989) 15.

+University of Helsinki, Accelerator Laboratory, Helsinki,
Finland.
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A HALF-LIFE AND ABUNDANCE SYSTEMATICS OF NUCLEI

1. TOROK

About 15 years ago, with the help of the IAEA Nuclear
Data Center (Vienna), who provided us with half-life data,
we prepared a graphical systematics of the half-lives of
radioactive nuclei [1,2]- In the meantime many new nuclides
were synthetized. They give a chance to test the predicting
power of our old systematics.

Now we are completing the graphs with new half-life and
isotope abundance data obtained from IAEA.

Recently it 1is available a Ilist of solar system
abundances of the elements, based on a critical review of
all ClI chondrite analyses up to mid-1982 [3]. The authors,
Anders and Ebihara, gave also the isotopic abundances of
individual nuclides relative to silicon (at./106 Si). In the
new edition of our work, in addition to the two dimensional
graphs, we 1incorporate some three dimensional views of the
data. As an example we present the abundances of the even-
even stable isotopes (Fig- 1.).

References
[1] L. Sarkadi, 1. Tordk, ATOMKI Bull. 18(1976)609.
[2] L. Sarkadi, 1. Tordok, ATOMKI Bull. 19(1977)283.

[3]1 E- Anders, M. Ebihara, Geochim. et Cosmochim. Acta
46(1982)2363.

Fig. 1. A logarithmic display of the abundances of the even-
even stable isotopes.



Microscopic versus semimicroscopic estimates
for the alpha+deuteron spectroscopic factor of 6Li

K. Varga and R. G. Lovas

As a continuation of the preliminary work reported on in the Annual Report of 1988
[1], we have studied the a+d clustering in the ground state of 6Li theoretically. We have
now characterized the clustering in the most conventional way, viz. via the spectroscopic
factor. This is defined as the norm square of the fragmentation amplitude, i.e. the overlap
of the 6Li wave function with those of the free fragments. The microscopic models ranging
from the harmonic oscillator a+d model [2] to the most realistic dynamical cluster model
[3] predict the a+d spectroscopic factor, Sad to be close to unity, while the semimicroscopic
a+p+n three-particle models (e.g. [4-6]) give Sad=0.5-0.75. Thus far the experiment has
been unable to decide unambiguously between these two values [7]. A critical comparison
between the microscopic and semimicroscopic models shows that the difference between the
dynamics of the two families of models is not enough to account for this discrepancy. It is,
however, possible that the difference is due to the treatment of the Pauli principle.

In the three-particle model the a particle is treated as structureless, and the Pauli
principle is allowed for through repulsive potential terms or through inclusion of a projection
operator to exclude Pauli forbidden states. The model assumes a three-body Schrédinger
equation for a wave function ip(rpn,rad). The conventional three-body definition of the
fragmentation amplitude is

g(rad) = / drpn"(rpnM rpn.rad), ()

where <Ad(rPn) is the deuteron wave function. We have pointed out [3], however, that if
the nucleon structure of the a particle is taken into account, the Pauli principle implies a
different formula:

ff(rad) —\] drpn*d(rpnMapnV~rpn”ad), (2)

where Aapn is the norm operator of the a+p+n resonating-group model. This is an integral
operator whose kernel contains the a intrinsic wave function.

We have now calculated the spectroscopic factor with the conventional as well as with the
correct definition, eqgs. (1) and (2), of the fragmentation amplitude using the three-particle
wave functions of Lehman et al. [4], Voronchev et al. [5] and Kukulin et al. [6]. We assumed
a Os harmonic oscillator shell-model state for the a particle. The square-root operator Alpn
is defined by the spectral decomposition of Aapn, which can be given in terms of products
of harmonic oscillator wave functions yn;m(rad) and ¥n'/m(rPn)-

Table 1. a+d spectroscopic factors of three-particle models

Definition Lehman Voronchev Kukulin
3-body 0.63 0.76 0.74
Pauli-correct 0.85 0.99 0.96

15



The results are shown in table 1. The most realistic microscopic estimate is 0.93 [3], while
the most reliable experimental value is 0.73+0.09 [7]. We see that the correct definition has
brought the value of the spectroscopic factor of the three-particle models close to those of
the microscopic models.

We thus conclude that with the microscopically well-founded formula the microscopic
and semimicroscopic models produce a+d spectroscopic factors that are reassuringly close
to each other. Considering that any refinements on the models are likely to lower the
theoretical values, we can say that we are near to understanding the a+d structure of 6Li
quantitatively.
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The reaction 6Li(e, e’p)5He and three-particle clustering in 6Li

R. G. Lovas, A. T. Kruppa and J. B. J. M. Lanent

t Fysisch Laboratorium, Rijksuniversiteit Utrecht

By removing a nucleon from a nucleus, one can study its core plus single-particle
structure. When the initial nucleus is 6Li, the residual system is likely to be in a two-
cluster state. Thus the proton removal is to be described by a cluster model rather than
by a shell model.

The 6Li(e, e’p)5He reaction leading to the 5He continuum has been recently studied
experimentally at NIKHEF-K, Amsterdam [1]. We used our microscopic cluster model
to interpret the inferences drawn from these experiments for nuclear structure [2]. We
described the reaction by an unfactorized distorted-wave impulse approximation (DWIA)
in comparison with its plane-wave limit (PWIA). The structure amplitudes in these reaction
models were supplied by our dynamical microscopic cluster model [3].

Figure 1
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Figure 2

In this model the ground state of 6Li is represented by a pair of spherically distortable a
and d clusters, while the residual five-nucleon system, ‘6He’, is described as a continuum of
a+n and t+d clusterizations. In partial waves of summed nucleon spin 5s = \ both the a+n
and t+d clusterizations are allowed. Since the a+n clusterization is favoured energetically
very much, the a+n terms are expected to be predominant, and so in these partial waves
the distortability of a was only taken into account. In the Ss = f partial waves, however,
a+n is not allowed, and we treat the distortions of both t and d properly. The scattering
boundary conditions were duly taken into account.

It was found that the cluster distortions only moderately influence the 5He—p energy and
momentum structure of 6Li, but the proper treatment of the continuum is indispensable
even for the reproduction of energy-integrated quantities.

The energy spectrum of the reaction is shown in fig. 1, while selected energy-integrated
momentum spectra are shown in fig. 2. (The “missing energy” Em is the difference of the
intrinsic nuclear energies, Em = Ebue —£«Ln while the “missing momentum” p,, is the p-5He
relative momentum in the initial state.) The spectroscopic factors are given in table 1.
Since the regions below and above the t+d threshold are dominated by the a+n and t+d
clusterizations, respectively, these spectroscopic factors may be regarded as characterizing
the weights of the a+p+n and t+d+p clusterizations there.

Considering that no parameter is fitted to the (e, e’p) data, the agreement with
experiment is satisfactory. In particular, we see that in the regions of the prominent |
and | + peaks the description is excellent. Appreciable discrepancy has only been found

in the energy continuum above the | ground-state resonance of 5He, which is the region
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Table 1. Spectroscopic factors below and above the t+d threshold (Em = 21 MeV)

Peak region Off-peak region Peak region Off-peak region
£'m=3.7-5.7 MeV ,Em=5.7-19.7 MeV Em=21-22 MeV £ m=22-27 MeV
Theory 0.578 0.638 0.357 0.480
Experiment 0.44+0.05 0.32+0.04 0.30T0.04 0.53+0.07
of the broad | bump. (In the dashed curve in fig. la the | partial wave is omitted.)

An improvement here seems to require a component in the 6Li wave function of summed
nucleon spin zero and summed orbital momentum unity, which can be generated most
naturally as a type of SHe+p structure.

[
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AN ALGEBRAIC MODEL OF CLUSTER STATES IN ODD MASS NUCLEI

G. Lévai and J. Cseh

The interplay between collective and single particle degrees of freedom is an
essential feature of many odd mass nuclei. For the description of nuclear collective
motion several phenomenologic algebraic nuclear models have been proposed. The
first model of this kind was the Interacting Boson Model giving account of quadrupole
collectivity in even—even nuclei. Later the vibron model was introduced as an
algebraic approach to dipole type collectivity [1,2]. The 0(4) limit of this model
has been applied to the description of the rotational—vibrational motion of chemical
molecules, while the 0(3) limit was used to classify cluster states in even-even light
nuclei [3]. In connection with this application the role of the Pauli principle has also
been discussed [4].

These phenomenologic models of collective motion have been extended to
incorporate single particle degrees of freedom as well. The coupling of collective
(bosonic) and fermionic degrees of freedom is formulated in terms of group theory,
with a group structure depending on the fermionic states taken into account in these
models. While the fermionic extension of the IBM (called IBFM) has been worked
out for each dynamical symmetry, the similar treatment of the vibron model has
only been carried out for the 0(4) limit [5], giving rise to the vibron—electron model
of chemical molecules.

We have introduced the missing U(3) limit of the vibron-fermion model [6] as
an algebraic approach to the cluster states in light odd-even nuclei. In this model the
particle-like or hole—tike fermions are allowed to occupy the states of a nuclear shell
with n oscillator quanta. An essential point of this model is the decomposition of the
fermionic angular momentum into orbital and spin part resulting in the fermionic

group structure
UF(m) D UF(m/2) x UF(2) 3 SU,F(3) x UF(2) 3 0f(3) x SUf(2) D SpinF(3)

where / and s refer to the orbital and spin momenta of the fermionic states and



m —(n+ 1)(n + 2). This group chain is then coupled to the
UB(4) D UB(3) 3 SUB(3) D Ob (3)

group structure of the [/(3) limit of the vibron model, leading to the 517(3) x
U(2) dynamical symmetry of the vibron-fermion model. (We chose this name in
accordance with the corresponding limit of the IBFM [7].) Besides this strong
coupling limit, a weak coupling limit of the model can also be formulated.

Although it is possible to consider several fermions in this model, we took
only one as the first step. We calculated the energy eigenvalues of the Hamiltonian
associated with this dynamical symmetry and determined the matrix elements of the
electromagnetic transition operators T(E2), T(M1) and T(E1l). We also studied the
one nucleon transfer reactions in terms of this model which enabled us to link the
SU(3) Xf/(2) states to vibron model states. Among the potential applications here
we mention only the cluster states of the nuclei 19F, 2INe and 43Sc.

Our investigations also clarified somewhat the reason why the field of appli-
cation of the 0(4) and (7(3) limits of the vibron model are so different.

The fermionic extension of the vibron model provides a deeper insight into
its physical nature and may help us to proceed further towards the microscopic

interpretation of this phenomenologic model.
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STUDY OF THE 15N + a STRUCTURE IN 19F IN TERMS OF THE
VIBRON-FERMION MODEL

G. Lévai and J. Cseh

Many low lying (Ex < 10 MeV) states of the 19F nucleus are known to have
marked 15N +a or leO +t cluster character. These states have been studied in terms
of various models, such as the local cluster model of Buck et al. [1], the coupled-
channel orthogonality condition model (OCM) [2] and the generator coordinate
method (GCM) [3]. Several cluster bands have been identified, some of which have

equivalents in the 160 + a system.

Microscopic studies showed [3] that satisfactory results can be obtained taking
only the 15N +a configuration into account and neglecting the 160+t configuration. At
the same time the importance of the excited state of the 15N core with J* = 3/2~ has
been emphasized. The coupling of the configurations 15N (1/2~) +a and 15iV(3/2- )+ a
has been discussed both in the local cluster model [4] and in the GCM framework
[3].

Cluster states of light nuclei have also been interpreted in terms of the vibron
model [5], which is an algebraic model of dipole type collectivity. In particular the
17(3) limit of the vibron model has been applied to the 160 + a system [6]. The
fermionic extension of this model, the vibron—fermion model offers a convenient way
to treat the interplay between collective and single particle degrees of freedom, so
it seems natural to apply it to the cluster states of the 19F nucleus. In this model
[7] the relative motion of the a cluster is coupled to the fermionic structure, which
is now a hole on the p shell, accounting for the J>x= /2~ and 3/2“ states of the
15N core. Various limiting cases (dynamical symmetries) of the model correspond to
strong and weak coupling of the bosonic (collective) and fermionic (single particle)

degrees of freedom.

We fitted a spectrum with SU(3) x U{2) dynamical symmetry (corresponding

to strong coupling) to 25 well known cluster states belonging to 6 cluster bands



[8]. In addition to the usual one- and two-body terms in the Hamiltonian two third
order terms were also considered to give a more realistic description of the spin—erbit
coupling.

The relatively large amount of experimental information on the E2, M| and
El transitions between cluster states of 19F allowed us to test the predictions of
the model. Our calculations in the SU(3) x U{2) limit showed that this simple
phenomenologic model is somewhat less successful than other models in reproducing
the E2 andf M1 transition rates, nevertheless it gives a better approximation of the
El transition rates. We also studied the one nucleon transfer reaction going from
the ground state of the 20Ne nucleus to the cluster states of 19F. These calculations
involved both vibron model and vibron—fermion model states. Our results are in
good agreement with the available experimental data. The algebraic cluster models
are unable at present to describe cluster spectroscopic factors, but work is in progress
to overcome this problem [9].

A more refined description of the 19F nucleus could be given in terms of the
vibron-fermion model either by maintaining the dynamical symmetry and including
higher order terms in the operators, or by breaking the dynamical symmetry with

new interaction terms.
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CLUSTER SPECTROSCOPIC FACTORS IN THE VIBRON MODEL

J. Cseh, G Lévai, and K. Kato *

The vibron model [1,2] is an algebraic model of the dipole collectivity, so it
may be applied both to chemical molecules [2] and to nuclear cluster states [3-6].
However, being a model of bound states, it is unable to describe resonance-widths.
It seems to be a serious drawback from the viewpoint of its application to nuclear
cluster states [7], which, from other respects, has several advantages [6].

We propose a series expansion, similar to that of the Hamiltonian, to obtain
cluster spectroscopic factors in the vibron model. Then resonance—widths can be
obtained from them, in the usual way [8],.if needed.

The reason for this proposal is given by the link between the vibron model
and the microscopic cluster model, in the harmonic oscillator limit [5].

We start with the spectroscopic amplitude, as defined in [9,10]:
Anit(A,A )= (DA™DXONLM 1A 104 ), (@)

where ®A', ®x, and ®A are wave functions of the A‘,x, and A nuclei (A +x = A),
$niIm is a harmonic oscillator wave function, and A is the antisymmetrizer between

the nucleons of A and x. The cluster model wave function is:
®a= NniI(AA)A [PADXPnIm ], 2)

where Nnl is a normalization factor. Consequently, the spectroscopic amplitude of

the cluster model (in the harmonic oscillator limit) is:

Ant(AJA) = ( DA-OXPnIm IANNRIA | ®Pa'dxParnm ) 3)

From the viewpoint of the vibron model the phenomenological treatment of this
formula is as follows. The ®nIm wave function of the relative motion corresponds

to the vibron model wave function, while ®A/ and ®* are internal wave functions of

* Hokkaido University, Department of Physics, Sapporo, Japan



the two clusters. In the simple case of the structureless clusters they do not appear,
while in case of a deformed core, for instance, ®A* can be an IBM wave function.

As for the missing operator of
Ant =ANNIA , 4

we can apply a series expansion in terms of number conserving bilinear products
of boson creation («+,x+,/z = —1,0,1) and annihilation (5,~,/r = —1,0,1) operators,
coupled to 0(3) scalars. This is the usual construction method in the interacting
boson models for any physical quantity [11]. Because of the relation between the

Anit{A,A ) amplitudes and the S1(A,A ) spectroscopic factors:
S1(A,a') =Zn A%I(A,A) , (5)

it is more useful to apply the expansion to the square of the operator (4). When

written explicitly up to two—body terms it reads:

,&%\M_Z oq + af” [cr+xa]i(()°) + 43 [m xi

Fag ™ X x [Kx 7wy T 4 ) [[r4 x x [rx X J©
+ 4 [ ™ x 1<) x [a xa l0) # x 0+ 10 x [sx s1¢) r

t 49 [[ o+ x <T+1¢) x [a Xa 10) 1« a42) [[*+ x cm x [mx? ey P
' (6)

Here we changed to the nwsubscript, which is more appropriate in the vibron model,
than N. Their relation is:

mk—2N + L . @)

In the limit of the C/(3) dynamic symmetry some of the coefficients vanish, and the

matrix elements are diagonal in the 17(3) basis:

An,L — ao + ain* + a2mx+ B2 L(L+ 1)..., (8)

where the coefficients a* and /% are some linear combinations of those in (6).
Hopefully, by calculating spectroscopic factors from the vibron model in the
way shown here, it can give a more complete description of the nuclear molecular

states.
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A CRITICAL INVESTIGATION INTO OKHRIMENKO’S
APPROXIMATION METHOD

A. Cs6t6, B. Gyarmati and A. T. Kruppa

Okhrimenko extended [1] a method which had been developed for the bound and
scattering solutions of the two-body Schrédinger equation by Okhrimenko and Filippov
[2], so as to include resonant (Gamow) solution, as well. The method is based on the
expansion of the two-body wave function in terms of harmonic oscillator (HO) functions.
This fact not only renders the method very convenient for application in the resonating
group method (RGM) but also allows to calculate the coefficients c<of the expansion in the
asymptotic region from a three-term recurrence relation. The far-away starting value cm
can be calculated from a differential equation. By prescribing the form of its solution the
desired asymptotic behaviour can be imposed on the wave function. It has now the form

n M
P=Y lcipi+
P i=0 p t=n+l
where {y>} is the HO basis, n is large enough to assure that tp,, extends to a region where
the potential is already negligible. The quantization of the energy comes about by requiring
that

cn(E) = c,,(E).

In Ref. 1 the method was applied for calculating the resonances of the 6Be as an a —n
system, in the framework of the RGM. In this calculation n and M were typically 100-200
and 1000-2000, respectively.

When having applied the complex scaling method (CSM) for the same 8Be problem [3]
we got suspicious about the results of Ref. 1. In particular we guessed that some of the given
energy values are spurious resonances. We decided to scrutinize this problem in a simple
model case where the conceptual and practical complications connected to the Coulomb
force,»and some of the comlputational difficulties are absent. We used a simple real, local,
short-ranged potential: V(r) = —8.0exp(—0.16r2) + 4.0exp(—0.0Ir2) (atomic units were used).
Now the summation can be rigorously extended to M = o0, and all the uncertainties coming
about from the approximate treatment of the far-away region are avoided. The results are
compiled in Fig. 1. The crosses denote the resonances which can be found also with CSM
and the so called Siegert method (see e.g. [4]). Except the crosses belonging to a) and b) the
others are stable against the indicated variation of the basis size. The cross a) belongs to
n= 110 and the crosses b) to n= 140 and 170, respectively. This is how a resonance reaches
its stable n-independent position. The stars lying along the straight lines do not show any

tendency to get stabilized.
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In Fig.2 the basis size is kept fix- 0.50
ed (n=50) but we introduced an
extra nonlinear parameter in the
basis, namely we used b = bexp(rs)
complex size parameter in the HO
functions. Obviously the value of B a

must not disturb the position of

the physical resonances. Indeed,

the crosses are independent of it,

but the stars show a strong depen-

dence on the value of B, they even

can be swept out of the physical

quarter of the energy sheet. The

straight lines belong to the indi-

cated B values, along the”arcs the B

varies by steps 0.02 from 0.48 to 2.0 0.00 2.00 Re E 4.00
0.70 and from 0.92 to 1.00, respec- Fig. 1

tively. It is to be seen that the

use of B not only provides an ef-

ficient tool for distinguishing the

true resonances from the false ones,

but also speeds up the convergence.

(Already at B = 0.2 with a basis

size n=50 the third resonance is

stable in contrast with the B — 0

case when it starts getting sta-

ble at n=170.) The xompletion

of our investigation by extending

it to non-local potentials is under-

way.
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High resolution NelK-Auger spectra from
H+, Ne3+, Nel0*, Ar6+, Arle+ (6.5 MeV/u) - Ne collisions

I. Kddar, S. Ricz, J. Végh, B.Sulik, D. Varga and D. Berényi

Energetic heavy ion impact induced Ne Auger KLL spectra
has been studied by the high-resolution ESA-21 electron
spectrometer. The projectiles were Ne3+, NelO+, Ar6*, Ar 16+
(5.5 MeV/u) and also H+ of the same velocity. To analyse the
complex Auger spectra iIn which many satellite Llines are
included stemming from multiply i1onized neon states, the
measured series of iInterrelated spectra was used by the help
of a properly developed computerized procedure [1].-

Energy and intensity of the [lines iIn the spectra were
determined and an identification procedure was carried out
for all the vacancy configurations from Li-like states to
the F-like states (diagram lines). In the analysis the fact,
that the transitions originating from different vacancy
states (or configurations) are represented 1In different
proportion in the spectra at the impact of different ions,
has been used to separate the groups of lines belonging to
different 1initial vacancy states (or configurations). The
identification of the Auger lines was also helped eventually
by the study of their angular distribution from 0° to 180°.

The results were compared with the corresponding
theoretical transition energy and intensity values [2]. We
found that higher order corrections (configuration mixing,
relativistic and QED corrections, etc.) are not negligible
in the theoretical calculations even in the case of Z=10.

Based on the above results it was possible to obtain
information on the multiple ionization process at the iImpact
parameter vregion of the K-shell ionization. Thus, for the
first time we determined the two-dimensional vacancy
configuration distribution (2s, 2p vacancies) for all the
states which were attainable by Auger transitions (see Fig.
1). The experimentally determined vacancy configuration
distributions did not show any significant difference from
the predictions of the independent particle model.

We found that the geometrical model of ionization [3]
is quite good for strongly 1ionizing collisions . No definite
tendency was found in the i1onization probabilities as a
function of the degree of 1ionization.

Finally, there was pointed out, by analysing the Auger
line shapes, that the collision and deexcitation processes
could not be completely separated from each other even for
the high impact velocity region A definite post collision
interaction was found between the ejected electrons and the
deexciting 1ionic core, for the prompt Auger transitions [4].-
The above finding may be a warning that separated
collisional models and 1ionic structure calculations should
be handled with care for any iImpact velocities.

The review paper of the present study 1is In press in
Phys. Rev. A.
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Fig. 1

The experimentally
determined vacancy
configurations (full
bars) compared to the
double binomial
distributions fitted
to the experimental
data (shadowed bars)
and to the theory [6]
(empty bars), 1 and j
are the number of 2s
and 2p vacancies.
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HIGHER ORDER MULTIPOLE CONTRIBUTION (J14) TO THE AUGER
ANGULAR DISTRIBUTIONS OBSERVED IN Ne3+- Ne COLLISION

S. Ricz, J. Végh, D. Varga, |I. Kadar, B. Sulik, D. Berényi

The angular distribution of KL2s-L2sL23l2s Auger satellites of Ne excited by H+,
N2+, Ne3+, Neld+ and Ar6+ have already been published in refs. 1, 2. We found definite
anisotropic angular distributions which were described by using only anisotropy parameter
A2. There were, however, some indications in ref » for the presence of a transition with
both A: and A. if not only the above mentioned satellite group was evaluated.

The measurements were performed using the electrostatic electron spectrometer ESA-
21. The spectrometer is the combination of a two-electrode spherical decelerating lens, a
spherical mirror, and a double pass, double focussing cylindrical mirror. The experimental
details, the evaluation and identification procedure have been published in ref 3.

Recently, the anisotropy parameters of N-like satellite Auger lines of neon target have
been detemined from Ne3+-Ne collisions. Table 1 shows the measured and calculated
energies, intensities and measured anisotropy parameters (see next page). Seven of
them shows a definit presence of anisotropy which can be described only by using both
anisotropy parameters A: and A.: while several of them by A: only. In some cases,
the anisotropy values are in contradiction with the identifications in Table 1. For such
transition, where the total angular momentum is less than two and the A. is not equal to
zero, the identification was mistaken in ref 3. In other cases we can say that the simple
LS-coupling model is not good for multiply ionized neon.

Although the present results are preliminary ones, the definite presence of a large As
value may show the deficiency of the independent particle approximation in describing
the collision process causing multiple ionization of neon.
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Initial
state
-204
-213
-213
-213
-222
-204
-213
-222
-222
-204
-213
-213
-213
-222
-213
-213
-222
-204
-213
-213
115 2P+ -204
-213
-213
115 2P - -213
-213
-213

124 4P

124 2D

124 2P

124 25

115 4P

Final

3P
3S
3P
3D
3P
ID
ID
x5
XD
3P
P
35
3D
3P
*p
3P
I D
3P
3P
3P
3P
XP

ID
3P
3D

*Maurer&Watson4
**Bhallab

32

Table 1

N —Ilike satellite lines

Auger Relative

energy intensity [%)]

E exp Eh Exp Th*=*

713.06(12) 714.90 3.69(9) 4.49
730.25(9) 730.70 2.44(7) 1.67
738.84(3) 740.90 4.40(17) 3.15
742.48(4) 74480 2.05(5) 5.25
764.50(3) 766.00 6.26(18) 11.57
717.14(4) 717.30 2.76(10) 3.17
739.76(3) 737.80 1.84(5) 3.78
764.90(5) 762.30 4.65(12) 1.52
769.29(2) 768.30 5.76(15) 11.20
720.65(1) 721.80 4.12(11) 2.61
734.42(5) 734.40 2.34(10) 0.34
737.21(1) 737.60 6.02(18) 2.94
749.95(3) 751.70 3.86(10) 0.21
772.13(2) 772.90 2.28(6) 6.75
740.96(3) 739.80 1.67(4) 1.16
752.25(6) 753.20 2.61(7)  0.37
774.53(4) 77430 2.68(7) 1.74
737.92(4) 738.30 2.91(8) 1.32
762.97(8) 764.30 3.64(9) 5.71
767.03(6) 768.20 11.61(31) 13.18
747.84(4) 74750 4.10(13) 2.38
761.93(2) 760.10 5.57(16) 1.67
765.75(5) 764.10 7.12(18) 3.84
773.22(4) 77170 1.69(4) 0.16
781.06(3) 781.10 2.01(5) 2.69
784.44(9) 785.00 0.57(1) 6.17

Anisotropy

parameter

a2
0.024(2)
-0.018(6)
0.082(12)
-0.043(4)
-0.082(40)
0.016(2)
0.177(21)
-0.108(15)
-0.148(19)
0.084(39)
0.203(55)
-0.197(31)
0.000(0)
-0.203(78)
0.077(6)
-0.170(23)
-0.100(10)
0.082(12)
0.116(25)
-0.068(14)
0.051(9)
0.137(24)
-0.205(29)
-0.149(16)
-0.122(25)
0.000(0)

ad
0.012(1)

-0.015(2)

-0.073(11)
-0.112(65)

0.067(11)
-0.104(13)

-0.017(2)



Ls-SUBSHELL ALIGNMENT

L. Sarkadi, J.

The study of the
a sensitive tool
vacancies are

there has been only
the alignment
atoms and for

Palinkae,

to test the collision dynamics.
created
ionization and electron capture.
ionization has been widely studied,
indirect
induced by electron capture.
low collision velocities (v/vni<l) the role of

INDUCED BY ELECTRON CAPTURE IN H+-Ar

COLLISION
Végh

A. Kovér, T. Vajnai+ and J.

vacancies 1is

Inner-shell
processes: direct Coulomb

While the alignment due to
until the present work
information on the degree of
For light target

alignment of inner-shell

two

the electron capture increases. For description of the
alignment the simplest capture theory, namely the
Oppenheimer-Bririkmann-Kramers approximation (OBK) has been

suggested [1]-

Most of the measured total

(fionization and

capture) alignment data [2,3] support the OBK theory.

One can get
direct information
on the alignment
induced by electron
capture measuring
the angular distri-
bution of the decay
products (x-rays,
Auger electrons) of
the excited state
in coincidence with

the charge-changed
outgoing projec-
tiles. In our ex-

periment we choosed
the p-Ar collision
system and detected
the L2 .3-M2.32
Auger electrons.
The electrons were
analyzed by a cy-

lindrical mirror
electron spec-
trometer. The out-
going H° atoms were

separated from the
protons by electro-

static deflection.

At higher impact F
energies the atoms g
were detected by a
surface barrier si- M

licon detector. For

g%g@m ?E?elggéggggfﬁbkbﬁﬁggg

b’,az(('SPo 523 5.

Electron energy (eV)
election

on
L2 Y. 6, Wb SCFo1 9.

low-energy detection a special particle detector has been
developed. Electron spectra belonging to the single,
coincidence+random, and random events were recorded
simultaneously (Fig. 1).
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The anisotropy parameter of three b3 lines (transitions
1,3,4 in Fig. 1) have been determined measuring the
intensity ratios of the anisotropic b3 lines and the sum of
all the 1isotropic L2 lines (transitions 2,5,6 iIn Fig. 1), at
two electron emission angles near 90° and 180°. It was as-
sumed that the angular distribution 1iIs described by the P2
Legendre polynomial. The alignment parameter was calculated
from the measured L3-M2 ,32 (1So) anisotropy parameter using
the known angular momentum couplig coefficient(ar) for this
transition.

As a further result of our present work we could
determine the so far unknown ar values for the b3-Mr,32(ID2)
and Li3-M2,32(3p0,1,2) transitions applying the measured
alignment parameters. In Fig. 2 results of the single
(ionization+capture) and coincidence (capture) measurements
are compared with the predictions of the plane wave Born
approximation (PWBA)[1], OBK [1], the 1impulse approximation
(1A)[4], and the strong potential (transverse peaking) Born
approximation (SPB)[4]-

Fig. 2. Alignment parameter of the b3 subshell excited by
capture and capture+ionization in p-Ar collision.

The conclusion of our study is that while the total
alignment data are Tairly well reproduced by the combined
PWBA+OBK theory, none of the capture theories can describe
the results of the coincidence measurements.
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EVIDENCE FOR DOMINANCE OF LONGITUDINAL ELECTRON EJECTION
IN ELECTRON LOSS PROCESS

L. Gulyés, L. Sarkadi, A. K6vér, T. Vajnal, D. Berényi, and S. B. Elston f

For structured light projectiles (like A0, HAe+) the electron transfer into the
projectile’s ion continuum (Electron Loss, ELG) exhibits a cusp-shaped spectrum of
the electron velocity distribution when the electron velocity matchesthe ion velocity.

According to the recent ELC theories the cusp can be described by a series
expansion [1-3]:

% =£ p il+ Ne(<50*0"), ] even,
Y=3

where do/di} is the double differential cross section in the laboratory frame, Ul and
6" are the velocity and emission angle of the ejected electron in the projectile frame,
respectively, n is the principal quantum number of the active electron, Pj are the

Legendre polynomials, Rj are the expansion coefficients depending on the collision
velocity and the initial state of the projectile.

ELG cusp for 50 keV/amu He+- He collisions (00= 1°).
Experiment:  ; Fitted curve: —

t University of Tennessee and Oak Ridge National Laboratory, Oak Ridge, Ten-
nessee, USA
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Generally, the Bj describe the anisotropy of the electron ejection in the projectile
frame. Regarding the first non-vanishing coefficient fa, the emission pattern (referred
to the beam direction) changes from a preferred longitudinal ejection to a transversial
one as fa changes its sign from positive to negative. The anisotropy character reflects
a drastic variation in the shape of the peak, measured in the laboratory frame. In the
case fa <0 the electron distribution has a singular behaviour (sharp peak) at v’=0,
while in the second case, fa > 0, a dip appears at the top of the peak (inverse cusp).

Up to the present study nobody could demonstrate this dip experimentally be-
cause at low projectile velocities the electron capture to continuum process dominates
the ELC process [4].

We studied the shape of the ELC cusp in the 50-150 keV/amu ffe+- He collision
system measuring the ejected electrons in coincidence with the outgoing He?+ pro-
jectiles. The spectra were fitted to a generic expression of Meckbach et. al.[5). To
describe possible second order effects (e. g. simultaneous capture and loss) further
terms (BioiMNiii-Bia) missing from the above expression were also incorporated in the
fitting. The determined fa values are positive indicating the existence of the cusp
inversion (see the dip at velocity 1.41 a.u. in the fitted curve on the figure).
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TESTING THE FITTING PROCEDURE
USED FOR STUDYING THE 'CUSP’ SPECTRA

L. Gulyés, A. Kover, Gy. Ssabd, T. Vajnal, D. Barany!

A number of publications have been appeared about the fitting of the observed
‘cusp’ spectra for electron transfer to the projectile’s continuum (ETC) to a generic
expression of Meckbach et al.[I-5]. The method based on the series expansion of the
cross-section [9]:

i»j *

where U is the measured intensity, pj is the Legendre polynomials, v and B are the
velocity and angle of the ejected electron in the laboratory frame, the prime labels
the same values in the projectile system. £n; are the fitting parameters and S(v,0) is
the transmission function of the spectrometer.

The detailed examination of the above evaluation method show the crucial role
of the spectrometer transmission function in the result of the fitting. The different
authors use different type of spectrometers and all of them use approximations in
determining the S(v,6) function. The errors introduced by these approximations
might be the explanation of the relatively large discrepancies among the BH values
published by different authors [1,3].

Figure: Measured () and fitted cusp yield (—)

The present study is a part of a joint effort of our group and the corresponding
group in Bariloche, Argentina. In this we measured the same process on different
spectrometers but othervise at the same experimental conditions. Namely the cusp
yield (electron capture to the projectile continuum) were measured in the 200-300
keV A+ -+ He collision systems at 0° ejection angle. The angular resolution were
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B0 = 0.2° —2.5°. The electron spectra measured at the different spectrometers are
being analysed separately by the fitting routine used in the two group. In this way
we can get information about the errors introduced by the approximations of the
5(v,0) functions and we can check the fitting procedure.

The figure shows the spectra measured by the ESA-13 spectrometer (Debrecen)
and the result of the fitting with six Bng (n=0,ly=0,l,2) parameters.

The spectra measured at different spectrometer acceptance angles make possi-
bility to study the cusp asymmetry ratio (Ti/Tr) as a function of the spectrometer
acceptance angles. According to our preliminary evaluation the 'I'g ratio seems to
be constant in the 0o = 02° - 25° region , which is in contradiction with the paper
of Oswald at. al [6]. The measurement on the other spectrometer ( in the group of
Prof. Meckbach) are running now and the detailed results will be published in the
near future.
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COUPLED-STATES CALCULATIONS FOR L-SHELL IONIZATION OF THORIUM
INDUCED BY HEAVY IONS

L. Sarkadi and T. Mukoyaraa*

Recently Berinde et al. [1] have investigated the
vacancy sharing processes occuring in L-shell 1ionization of
atoms at heavy-ion impact. They measured the subshell
ionization cross section ratios of thorium bombarded by 0.5-
2.5 MevV/amu Be, C, F, Mg, Si and S ions. They compared their
results to the predictions of Tfirst-order SCA calculations
[2]- The observed large deviations indicated a considerable
amount of vacancy transfer between the subshells 1iIn these
collisions. The authors could give a qualitative
interpretation of their data performing coupled-channel
calculations.

For a quantitative analysis we have made calculations
applying the coupled-states model described in [3]- The model
gave a reasonable desription of the dependence of the
subshell ratios on the the atomic number of the projectile
and on the collision velocity (as an example, see Fig. 1).

Fig. 1. Contributions of the subshells to the total L-shell
ionization for Mg on Th. The exprimental points [1]
are compared to results of SCA [2] (dashed curve) and
coupled-states model [3] (full curve) calculations.
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L-SHELL IONIZATION BY ANTIPROTONS

L. Sarkadi and T. Mukoyama*

The significance of the theoretical studies of atomic
collisions involving antiprotons has largely increased since
the recent construction of the Ilow-energy antiproton ring
(LEAR) at the CERN. The experimental possibility to change
the sign of the electric charge of the projectile provides a
sensitive test of the theoretical descriptions.

We have analysed theoretically the particle-antiparticle
differences which may occur in L-shell ionization. In
addition to the binding- and Coulomb distortion effect
discussed by Brandt and Basbas for the K shell [1], for the L
shell a further effect due to couplings between the different
subshells may also contribute to the differences [2]-

To the present analysis we applied the coupled-states
model described in [3]- The calculations have been made for
gold target in the energy range 0.15-3 MeV. As an example,
Fig. 1. shows our results obtained for the b3- to L2-subshell
cross section ratios.

Fig. 1. b3- to L2-subshell 1ionization cross section ratios
for proton (dashed curve) and antiproton (full curve)
impact. The sources of the the differences for the
two kinds of excitation: binding- and Coulomb effect
(a); additional subshell coupling effect (b).
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ELECTRON CAPTURE TO THE CONTINUUM AND SIMULTANEOUS
TARGET EXCITATION (OR IONISATION) IN He3t+ - He
COLLISION SYSTEM

L. Gulyai, Gy. Siabd

Much attention has been paid in recent years to atomic collision were multielec-
tronic processes are involved, i.e. simultaneous capture and excitation /or ionisation.
In the present paper a two-electronic process, namely the electron capture into the
continuum state of the projectile ion (ECC) and the simultaneous target excitation
(TE) or ionisation (TI) are studied in HAe3+ “mHe collision system.

A theoretical calculation are made which is based on the first Born approximation
with asymptotically correct boundary conditions (CB1) [I]. The initial electronic state
of the He atom were described by a Roothaan-Hartree-Fock orbital [2] and hidrogenic
wave functions were used for final states.

In the CB1 model the long range nature of the Coulomb interaction brings
logaritmic phases in the asymptotic wave functions. This factors for the above process
are rp(#r~a) In(ua- vE) in the entrance and + in the exit channels
[3], which cause mathematical difficulties in calculating the transition amplitudes (ZF
and Zt are the nuclear charge of the projectile and the target, tfand R are the relative
velocity and coordinate of the aggregates).

Figure: Single differential cross sections for electron capture to the continuum and
simultaneous target excitation or ionisation processes in HAe3+ -* He collision system.
Theory:.....«present result;-— First Born approximation only for ECC process, Ponce
et al 1981 [5]. Experimental data: ¢ K&évar et al. 1986.[7]

Avoiding the above difficulties the Coulomb distortion effect of the electron-e lec-
tron interaction in the exit channel was neglected. This term was calculated on the
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way as it is treated in the Brinkman-Kramers approximation [4]. As a result of the
above modification, the calculation of the transition matrix element reduce essentially
because of the Coulomb phases belong to the asymptotic states cancel each other.
The further detail of the calculation are similiar to that ones used in full first Born
approximation [5,6]. The averaged transition matrix element was ueed for comparison.

The result for the single differential cross-section are plotted on the figure (dotted
line). The final state of the second electron (excited or ionised) are summed up via the
closure approximation. As a comparison the figure show the result for BCC process
calculated in the first Born approximation after the paper of Ponce [6] (the active
target electron was described by hydrogenic orbital with a 1.7 nuclear charge).
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CALCULATION OF THE fit PARAMETERS FOR ELECTRON LOSS PROCESS
IN THE CASE of He+-He COLLISIONS

Gy. S*abd, J. Burgdorfer f and A. Kovér

Recently the second order anisotropy parameter {fit) of the ELC cusp (ELC =
Electron Loss to Continuum) was determined experimentally for the #e+- He collision
system [1-2] as a function of the projectile velocity. The existing theories,however,
determined this parameter only for the #e+- H° collision system [3-4].

In this paper we present theoretical fit values for the #e+- He collision system
in order to compare them with the experimental results. The calculations were per-
formed in the PWBA approximation with analytic Roothaan-Hartree-Fock wavefunc-
tions [5] for the He target electrons. The excitation of target electrons was taken into
account with closure approximation developed by Day [6]. The calculations were per-
formed for Is, 2s and Is { 10% 2s initialst%tes of the projectile ion. The reason of

Comparison of the calculated and mesured fit values
Theory:----- DS ;e 125 — 1 Is + 10% 2s

t University of Tennessee and Oak Ridge National Laboratory, Oak Ridge, Ten-
nessee, USA
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the calculation for the mixture state is that a part of the He+ projectiles can be
excited to 25 metastable state by either the ion source or the collisions with residual
gas atoms before interacting with the target.

Figure shows the theoretical and experimental fa parameters as a function of the
projectile velocity. The slope of the experimental and theoretical data are similar but
their absolute values differ from each other.

References

[1] L. Gulyas, L. Sarkadi, A. Kévér, T. Vajnai, D. Berényi and S. B. Elston, ATOMKI
Annual Report, 1989,

[2] L. Gulyas, D. Berényi, A. K&vér, Gy. Ssabd, L. Sarkadi, J. Palinkas and T.
Vajnai, 3rd European Conference on Atomic and Molecular Pkytict (ECAMP-3), Bordeaux,
France, April S-7, 1989.

[3] J. S. Briggs and M. H. Day, J. Pkyt. B.: At. Mol Pkyt., 13 (1980) 4797.

[4] J. Burgdorfer, M. Breinig, S. B. Elston and I. A. Sellin, Pkyt. Rev., A28 (1983)
82717.

(B) E. Clementi and C. Roetti, At. Data Noel. Data Tablet, 14 (1974) 177.
(6) M. H. Day, J. Pkyt. B.: At. Mol. Pkyt., 14 (1981) 231.

44



M2/7E1 MIXING IN L3 X-RAY TRANSITIONS
T. PAPP, and 1. TOROK

Thin Ba, Sm, and Er targets were bombarded by protons,
at 0.23, 0.28, and 0.35 MeV bombarding energies respec-
tively. These energies were choosen so, that the veloci-
ties of the protons relative to that of the b3 electrons
were the same.

Using such low energy protons as projectiles the mag-
netic subshells m=1/2, m=3/2) of the b3 subshell have
different ionization probabilities, the b3 subshell will
be aligned. This alignment 1is reflected iIn the anisotro-
pic angular distribution of the x-rays. IT the Tinal
state of the x-ray transition 1is anisotropically popula-
ted by a specific process, and the initial state is sta-
tistically populated, the angular distribution of the x-
ray transition can be expressed as

1(0) =lo[ 1+{3P2(cos9) ], (@D
where 1o 1is the total intensity, P2(cos8) is the second
order Legendre polynomial. The R anisotropy parameter is
related to the Ar alignment parameter of the final state
through R=aA2, where a depends on the angular momentum of
the 1initial and final states of the electromagnetic tran-
sition and on the M2/E1 mixing ratio (6) [1]-

The ratio of the [ anisotropy parameters of different
X-ray transitions, having the same final states, does not
depend on the alignment parameter and is independent of
the 1onisation process (as far as the single 1onization
is the dominating 1ionization process). Using Si(Li) de-
tectors for the detection of the x-rays, several b3
lines, e.g. the LI (b3-MI) and La (b3-M4,5) 1lines could
be well resolved. The ratio of the anisotropy parameters
of these lines can be written [1] as

R(Li) a(l) 0.5- 6 (Li) )
R(La) " a(a) " [0.1+ YT7b 6(Lai)-0.4R]1/(I+R)

where R denotes the intensity ratio of the La2 and Lai
lines. (In the La2 transition magnetic term can not
occur.[2]) From the measured angular distribution of the
L x-rays from Ba, Sm, and Er targets, we determined the
above (2) anisotropy parameter vratios, extending our
earlier study on Au, Th, and U [3]-

The obtained results are represented in fig. 1. as a
function of the atomic number (). The full dots are the
results of the present measurement, while the open
circles were taken from ref.[3].- The dashed line
represents the theoretical anisotropy parameter ratio,
when the M2/E1 mixings are neglected. The Tull 1line was
obtained with the values of 5 and R of ref._[2].

It is surprising, that the deviation between the ex-
perimental and theoretical values does not decrease with
decreasing Z, since the presence of the M2 component
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comes partly as a relativistic effect. The experimental
data show, that the knowledge of the mixing ratios is
necessary at the 1i1nner shell alignment studies. The
experimentally determined higher order multipole terms
(e.g- M2 ,E2, etc.) provide a sensitive test of the
theoretical radiation transition probabilities and the
applied wavefunctions used at the calculations.
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Fig. 1. The ratios of the anisotropy parameters of the Li
and La1,2 transitions as a function of target atomic
number. Full dots: present work; open circles: former
measurements [3]; dashed line: theoretical values with
neglection of the M2/E1 mixing; TFfull 1line: theoretical
values using s and R values of ref.[2].



ON THE SATELLITE STRUCTURE OF Ta Ma AND Mp X-RAY LINES
I. TOROK, B. SULIK, L .SARKADI and J. VEGH

The MNZY¥ satellite lines are unresolvable from the
diagram line and from each other, because of the comparable
natural line-widths and spacings. Anyhow, it 1is possible to
study the widening and asymmetry of the strongest M-lines,
as a Tunction of the excitation mode and energy, using a
crystal spectrometer. Approximating the Qlow-energy slope of
experimental lines with a Voigt-shaped peak of the width
equal to the combination of natural width and instrumental
width, a satellite-to-diagram Jline area vratio can be
estimated.

The accepted atomic theories need a lot of complicated
calculations, using many parameters which are not known yet
with high accuracy; so these theoretical estimations are
rather uncertain. A recently developed simple calculation
method [1], the so called geometrical model, offers a
procedure to predict approximate satellite-to-diagram line
area ratios relatively easily. The model works rather well
in the case of K-L and L-M-N satellites [1-5]. It 1is
interesting to test i1t iIn the range of M-lines. Searching
the recent literature it 1is very rare to Ffind measured M
satellite-to-diagram ratios [6, and references therein], but
the different modes of excitation and X-ray measurement
modes make them ambiguous.

Using an ADP analyser crystal the Ta Ma and Mp lines
were measured. The excitation was provided by different ion
beams (H+, He+) from the Van de Graaff generator of the
ATOMKI, at different bombarding energies. About 1 uUA 1ion
beam currents were used. All the spectra were taken 1in
several (3-30) scans, and were summed up channel by channel,
after "deglitching”. Fig. 1. is a typical proton induced Ma-
Mp spectrum. An X-ray 1induced spectrum also was taken, and
we coulld compare our spectra also to a Ta M spectrum,
obtained by 34 MeV N 1i1on bombardment by Awaya et al.[7].-
Table 1. lists the preliminary results, the experimental and
calculated satellite-to-diagram ratios.

Table 1
_____Excitatiori Satellite-to-diagram ratio
mede 1 energy Ma ! MP
! exp . J calc. ! exp. 1 le.,.
X-ray J <50 kev  0.173 J 1 0.072 J
H+ 1 0.3 Mev 0.405 ' 0.272 1 0.307 ‘_] 0.272
H+ 1 2.0 MeV 0.473 J 0.140 1 0.740 13 0.140
H+ 1 3.2 MeVv 0.411 ! 0.100 1 0.707 1 0. 100
He+ J 1.6 MeV 1.109 J 1.833 1 1.581 11.333
He+ J 3.2 MeV 1.183 J 1.381 1 1.602 J 1.381
N 134 Mev >3 16.575 1 >3 J 6.575
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Fig. 1. Ta Ma and MBZ X-ray lines, 1induced by 3.2 MeV
protons. (Vertical axis: the square-root of the channel
content.)
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CTMC CALCULATIONS FOB COULOMB 3-BODY COLLISIONS
K. Tékési and G. Hock

During the last months a CTMC code has been
developed and tested iIn order to investigate diverse Tull
3-body collisions. The calculations involve the

experiences acquired in earlier CTMC studies [1-5] and
are furnished with appropriate exit channels (see Table).
The versatility of the developed CTMC code, 1in accordance
with the corresponding sets of the exit channels, is
achieved by immediate re-specification of the pure
Coulomb particles (ex, px, Mt, etc.) which take part in
the full 3-body collisions, giving rise to direct,

breakup, transfer, exchange and binding processes, it
any.

The geometry of the 3-body collisions is shown in
Fig.-1. Projectile = (1); Target s (2,3)

This CTMC code will be developed in the future to
the case of more complex (screened) potentials.
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Table 1

Test D DI TI CT EK N1 Mo
A<C 0 + - 0 0 0 0
Epe>0 + + + 0 0 - -
ETe>0 0 + + "+ + 0 -
EpeCUO 0 0 0 + 0 0 0
ETeCUO + 0 0 0 0 0 0
AVA>0 0 + + 0 0 0 0
BVB>0 + 0 0 + 0 0 0
Cvc>0 0 + + 0 + 0 0
B<A 0 0 0 0 + 0 0
ETp<UO 0 0 + 0 0
Ep(Te)<0 0 0 0 0 0 0 +
ET(pe)<0 0 0 0 0 0 0 +
ETp<O 0 0 0 0 0 + 0

A plus sign means that the test must be passed, a minus
sign that it must not be passed, and a zero that it is
not made.

The undefined quantities of Table 1 are as follows:

D - direct

DI - direct ionization

Tl - transfer ionization

CT charge transfer

EK - ™"negative”™ particle exchange
N1 - negative 1ion state

Mo - molecule state
Epe centre-of-mass energy of (1,2) at time t=+®
ETe = centre-of-mass energy of (2,3) at time t=+®
ETp - centre-of-mass energy of (1,3) at time t=+®
Ep(Te) -~ centre-of-mass energy of (1,(2,3)) at time t=+
ET(pe) - centre-of-mass energy of (3,(1,2)) at time t=+
U = total electrostatic potential energy of the
electron in the field of particles 1 and 3
UO:= maximum value of U
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A STUDY OF CURRENT CONDUCTION MECHANISM IN YBazCuaOy-x

K Vad, S. Meészaros and G Halasz

Electric field generation due to transport current was
investigated experimentally in high Tc YBarCmOr-x ceramic
superconductors. External magnetic field and transport current
density dependence of resistivity-temperature characteristics,
as well as external magnetic field and temperature dependence
of current-voltage characteristics were investigated. The
resistivity of a ceramic sample is the sum of the resistivity
of grains and grain boundaries. The separation of these two
parts can be made on the basis of the measured qgquantities

mentioned above. Resistivity-temperature curves of a
semiconductor type YBxxCQuaO?x sample measured with different
measuring currents are shown in Fig.l. The sharp drop Just

below the onset temperature originates from the superconducting
grains and it appeared in the characteristics of both metallic
and semiconductor type ceramic samples at the same temperature.
At lower temperatures the resistance originates from the grain

boundaries. At temperatures close enough to the onset
temperature we analysed the shape of current-voltage curves. W
found linear dependence in logV-1ogCl-1eD scale up to voltages
of 5 nV Ccorresponding to 5 mVocm electric field} using Ic as a
fitting parameter, i.e. the V = K Cl-Ic}a&al formula describes
the voltage-current curves in this voltage range. KK
coefficient depends on the magnetic field and ‘aCT) * linearly

depends on the temperature: gCID increases with a slope of -~
Q 29/K from 1 at Tc as the temperature decreases.

Fig.l Resistivity-temperature curves of an YBarCm307-x semi-
conductor type sample with different measuring current.
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Using constant measuring current the dependence of electric
voltage on the external magnetic field was measured, as well
CFig.2D. At temperatures above ~ 80 K the curves show flux flow
state in the Abrikosov medium inside superconducting grains,
and do not show hysteresis.

Fig. 2 Magnetic field and temperature dependence of voltage

drop on a metallic type YBaxOmO?>x sample using cons-
stant measuring current.
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AC SUSCEPTIBILITY MEASUREMENTS ON HIGH Tc SUPERCONDUCTORS

S. Meészaros, N Hegman, G Halasz and K Vad

W present, low field ac susceptibility measurements on
polycrystalline YBarQ/mpO?-x and BiCasrCuO high Tc
superconductors made by solid state reaction method. Real C*’}
and imaginary <C*’’J parts of the ac susceptibility and
magnetization curves were studied in the temperature range of
4.2-100 Kand in different external magnetic fields up to 5 T.
Ac excitation fields of 10 mI to 1 mlI amplitude at a
frequency of 1 KHz have been used and the measurements of the
induced magnetic response were carried out on a dual coil
mutual inductance device.

The diamagnetic susceptibilities at 4.2 K were found to be
about 60-80 » of the value expected for a bulk superconductor.
While at temperatures near Tc supercurrents in individual
grains dominate in diamagnetic properties, at temperatures far
below Tc intergrain Josephson type supercurrents dominate. If a
dc magnetic field is applied coaxially to the ac field,
Josephson currents decrease even at low fields. The imaginary
part starts to increase just below Tc and shows a peak or peaks
representing a hysteretic energy loss in the sample. The loss
rapidly increases with the superconducting transition of
intergrain Junctions and goes to zero when the coherence state
extends to the whole sample. The energy dissipation originates
from the irreversible flux motion in the three dimensional
Josephson Junction network and the intragrain motion of

Fig.l Susceptibility versus temperature on an YBa2CualO7-x
sample. The amplitude of the alternating magnetic field
is 7x10 3 mIl.
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Abrikosov vortices. The two contributions can be separated on
the basis of their different sensitivity to external dc
magnetic fields and ac excitation amplitudes. According to ac
susceptibility measurements BiCaSrCuO granular superconductors
have different superconducting phases depending on local oxygen
density variation in the sample.

Figs.1 and 2 show susceptibility versus temperature curves
for YBarCmeOr-x  and BiCaSrCuO Clti Fe impurity!) ceramics
respectively.

Fig.2 Susceptibility versus temperature on an BIiCaSrCuO sample
The amplitude of the alternating magnetic field is
1.4x1 O ml.
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TRANSPORT CRITICAL AQURRENT VEASUREVENTS IN YBarCumsO-x
CEHRAMICS

S. Meészaros, K Vad and G Halasz

One of the most important parameters characterizing ceramic
superconductors is the transport critical current density.
Experimental values of critical current densities were obtained
by a contactless method based on the flux conservation

capability of a superconducting ring. We studied the
temperature and magnetic field dependence of YBarCuma07-x high
Tc materials both in low and high magnetic fields in the

temperature range between Tc and 5 K.

It was shown that in zero-field-cooled state at 77 K the
critical current shows hysteresis at magnetic fields higher
than ~ 3 m At lower temperatures this threshold field
producing irreversibility in critical current density versus
magnetic field curves is higher. The critical current density
versus external magnetic field curves in zero-field-cooled
state are shown in Fig.l. Supposing that the weak links between
superconducting grains are Josephson Junctions, a theoretical
curve was fitted to the experimental values. This curve was
calculated on the basis of a simple model of N Josephson
Junction connected parallelly with critical current

Sin(7TB/B 4F >
- 7TB/B ~F -
i i

0
»where Fi =0.3 + 0.051 Ci=0,1,...N=25") was chosen.

N
IcC BJ 1 cCCO £

Temperature and magnetic field dependence of the critical
current of an YBa2Cua07-x ring near critical temperature can be
seen in Fig.2. The inset shows the floglc-10gC1-T/TcJ] curve,

where Tc was chosen as a fitting parameter to be Tc = 88 K and
it is regarded as the transition temperature to coherence
state. The curves merge into the temperature axis. This
supports the conclusion that the Josephson Junctions in
YBa2Cual07-x material are mainly S-N-S type and not S-1-S. The
temperature dependence of critical current density in

YBarCm307-x bulk material was found to be je = KCL-T/Tc) = We
have got from the slope of the line in the inset of Fig. 2 that
m=2.1. The theoretically expected value for bulk supercon-
ductors is m= 1 [13.

In field-cooled-state magnetic flux lines are trapped in the
material with low pinning forces. The material remembers the
magnetic field in which it was cooled down Qrenory effect!) and
the critical current values depend sensitively on it. The decay
of trapped flux shows logarithmic time dependence.

55



Fig.l Magnetic Tieid dependence of the critical current density
at different temperatures

Fig. 2 Temperature and magnetic field dependence of the crit-
ical current density at temperatures near Tc.

Reference

[13 S. Han, Physica C 156 CIl988} 765.
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XPS STUDY OF THE YBa2Cu307-x SUPERCONDUCTOR CERAMICS
Z. Toth, J. Toth

The mechanism of superconductivity of high temperature
superconductor ceramics (HTSCs) has not been cleared up. It
was shown that 1in the Cu based superconductors the average
valency of Cu should be higher than two [1] .

We studied polycrystalline YBa2Cu307-x ceramics by the home
made XPS instrument of ATOMKI [21.131.14]- Sintered sample
pellets were prepared in the wusual way in KUPORC Ceramic
Works, Budapest.

Before the measurements the surfaces of the pellets were
cleaned by scraping with a stainless steel knife iIn air. Then
the pellets were inserted in a minute into the chamber of
vacuum of 10"6 Pa. For cleaning we have not made Ar+-ion
etching to avoid the destruction of the crystal structure |[6].-

In the wide scan spectra, not only the photoelectron lines
of the components Y, Ba, Cu, O of the ceramics, but the C
lines coming from the surface contamination were detected as
well.

The unusually wide Ba 3d5/2 line was fitted with two peaks,
at an energy distance ~1 eV (Fig 1). One of these lines was
interpreted [8] as Baz+ i1ons coordinated completely to 02~
ions (Fig 1, peak a)) and the other one due to the Ba2+
sites coordinated partly to 02" ions and partly to 0 vacancies
(Fig 1, peak b)). In our case the concentration of O vacancies
seems to be lower than in the case of Steiner et al. [8].

Fig 1.

XPS spectrum of Ba3d5/2
of an YBa2Cu307-x sample:
Peak a): Ba2+ ions fully
bound to 02- 1ons.

Peak b): Ba2+ i1ons partly
bound to O vacancies.

700 704 700 776 772
sp2534: Dinding energy (eV)

Having examined different ceramics we have found difference
between the Cu 2p spectra of which showed good Meissner effect
(Fig 2 a)) and which showed bad Meissner effect (Fig 2b)). It
is also well known that after removal of 0 from the crystal,
the charge balance can be restored partly by the reduction of
the Cu3+ to Cu2+ and partly by the oxidation of the 02" to O°
[5]- These processes determine the Cu2+/Cu3+ ratio. From
studying the spectra of the different valence Cu one can see,
that the chemical shift between di- and trivalent copper is
1.2 eV [8], this shift was used in our fitting procedures.

IT we study the shake up satellite structure of the lines
Cu 2p we can find satellite lines only iIn the case of Cu2+
[8] - So if we measure the satellite to main peak ratio, we can
determine the average charge of Cu or the concentration of
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holes iIn 0O 2p band as a function of the concentration of
oxygen vacancies (x) [5]-

From the measurements of the photoelectron lines Ba 3 d5/2
and Cu 2p of the ceramics one can conclude for the oxygen
vacancy concentration, which 1is one of the most iImportant
parameters from the point of view of the superconducting
properties of HTSCs.

Fig 2 a)

XPS spectrum of Cu 2p
of an YBa2Cu307-x
sample with good
Meissner effect.

Fig 2 b)

XPS spectrum of Cu 2p
of an YBa2Cu307-x
sample with bad
Meissner effect.
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SEPARATION OF FLUORINE-18 FROM METALLIC GALLIUM

P. Mikecz, Gy. Toéthl, A. Pali2, J. Vitéz2

1 Medical University of Debrecen
2 Aluminious Earth Factory and Aluminium Foundry , Ajka

At the determination of oxygen content of high purity
gallium metal using the CPAA method with the 160 (3He,p)18F
and 160(3He,n)laNe — > 18F nuclear reactions [1,2] 1t is
necessary to separate the 18F 1isotopes from the matrix
because of the interference of positron emitting arsenic
isotopes coming from nuclear reactions on gallium.

For the separation the following wet chemical method
was chosen. The surface of the irradiated sample was etched
in a concentrated HNO3:HC1 mixture (ratio: 20 to 1) at O
°C. The thickness of removed layer was calculated from the
gallium content of the -etching solution determined on
atomic absorption spectrophotometer. The average etching
speed was Tfound to be 0.4 micron/min. Then the remained
gallium was electrochemically dissolved from the copper
backing in concentrated hydro-chloride acid. The solution
was  transferred into a special poliethylene vessel
containing 25 microlitre concentrated hydrofluoric acid as
carrier of the Tfluorine. A stream of nitrogen gas was
bubbled through the solution and hexamethyldisilazane was
added. This compound reacts with fluoride 1ons resulting
volatile fluorotrimethylsilane (FTMS) [3]- After
acidification of the solution with concentrated sulphuric
and phosphoric acid mixture the 18FTMS was removed by the
gas stream, and adsorbed on solid sodiumhydroxide and
silicagel. The separation yield of the 18F - determined in
preliminary experiments by wusing non activated gallium

samples and 18F with known activity - was fTound to be 65
+/- 15 %.
[1.] 1. Mahunka, F. Ditréi, S. Takacs, ATOMKI Annual
Report 1989. (to be published)
[2.1] F. Ditrdéi, I. Mahunka, S. Takéacs, Korszer( Techn.

16 (1988) 23.
[3-1 H. Kvaternik, P. Angelberger, K. Buchtela, Proc. of
7th Int. Symp. on Radiopharm. Chem. (1988) 456

59



DETERMINATION OF BULK OXYGEN CONTENT IN
HIGH PURITY GALLIUM

1. Mahunka, F. JDitréi and S. Takéacs

High purity gallium is used by the modern semiconductor
industry (e.g. for GaAs production). Oxygen is the most unde-
sirable trace element in the high purity gallium. 1Its concen-
tration is decreased during the purification process by sever-
al methods, and the residual concentration must be well known.
One of the most powerfull method for oxygen determination 1in
gallium iIs the charged particle activation analysis (CPAA).

Two possible nuclear reactions were studied for oxygen

determination;
1. 160(3He,p)1SF, 160(3He,n)18Ne - 1leF

reactions [1,2] yield positron-emitter 10F radioisotope. The
half-life of l1laF i1s 110 min. which allows comfortable process-
ing between the irradiation and the gamma measurement.

2. 160(p,a )13N
reaction [3,4] yields also a positron-emitter radioisotope with
considerable cross-section. 1Its half-life is 10 minutes. The

matrix material is also activated because of the high threshold
energy (Q= -5.2 MeV). In this case chemical separation of 13N

isotope is demanded, and because of the relatively short half-
-life of i1t a fast processing iIs needed.

Comparing the two methods and our possibilities the 3He
irradiation were chosen for oxygen determination. Irradiating
the gallium with a 3He beam above 6.5 MeV the matrix material
itself is also activated and positron-emitter As 1isotopes are
produced. In this case chemical separation of the 1SF iIs neces-
sary [5]- When the incidend energy is under 6.0 MeV the gallium
is not activated, but the yield of 18F is high enough.

An other important problem should be solved, that on the
surface of gallium there is always a thin oxide-layer which
must be removed after the irradiation and before the gamma
measurement. The removal can be done mechanicaly or by chemi-
cal etching.

Special sample handling iIs demanded during sample prepa-
ration, irradiation and mechanical and chemical processing be-
cause of the low melting point of the gallium.

The gallium was melted and loaded under nitrogen atmos-
phere into a copper contanier which could be cooled down by
the vapour of liquid nitrogen. After freezing again the samples
were placed into a vacuum chamber and two 13 ym thick kapton
foils were placed in front of the target to monitorize the
beam. The bombarding energy of the 3He++ beam was chosen so
that the incident energy on the gallium surface was 6.0MeV.
The 1irradiation time was 30 minutes and the beam current did
not exceed 200 nA. The 1irradiations were done at the horizontal

60



beam line of the MGC cyclotron in Debrecen [6].

After the irradiation the surface oxide-layer was removed
by step-by-step etching, by using a mixture of HNO3 and HC1l at
0 °C [5]- Between two etching the residual activity of the
sample was measured. The removed thickness was calibrated by
using inactive material and the removed amount of the gallium
was measured by using Atomic Absorption Spectrometry (AAS).

After perfectly removing the surface oxid-layer the bulk
oxygen concentration could be determined by using absolute or
relative method.

The experimental data were processed and evaluated by com-
puter codes developed by us.

In this recent work three samples were investigated by
using the absolute method. The measured concentrations of oxy-
gen are shown in table 1.

Table 1. Determination of oxygen concentration, in

gallium
Sample Oxygen Concentration
No (ppm )
1. 131 + 21
2. 70 + 11
3. 81 + 13

To summarize, 1t was shown that 3He charged particle activation
followed by surface etching and gamma-ray spectrometry 1is a
rapid and reliable method for determination of bulk oxygen con-
centration in gallium. Howewer, 1t is necessary to mention that
the surface etching usually not uniform, so the real surface

of the sample after etching not equal with the geometrical one.
This nonuniform feature of the surface can cause systematic
error In the calculation of the thickness of the removed layer
and through this i1n the final result.
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X-RAY FLUORESCENCE ANALYSIS OF BRONZE OBJECTS FROM THE AVAR AGE

M. Kie-Varga, Institute of Nuclear Research Debrecen Pf. 51.
4001 Hungary

L. Kolto, Rippl-Ronai Museum Kaposvar, Majus 1. u. 10.
7400 Hungary

More than 2000 bronze objects from the Avar Age has been
analysed by energy dispersive XRF method. The weight percentage
of elements Fe, Cu, Zn, Ag, Sn, Sb and Pb has been measured by
using 1-125 radioisotope excitation and the spectrometer made
by ATOMKI. The concentration values were determined by the
fundamental parameter method described in [1].

Processing the data by cluster analysis we attempted to use
the composition of objects to analyse the burial sites. It was
found that the intrinsic relationships within each burial site
were easily detected.

The comparison of various burial sites was attempted on the
basis of frequency histogrammes and dendogrammes. From theese it
iIs assumed that the Avar Empire was possibly supplied with belt
ornaments by several workshops servicing larger areas.

In the comparison of mounting buds of belts i1t was possible
to show that the mounts of various belt sets were fixed at the
same time. The method proved viable to separate from the belt set
pieces that originated from a different period or were of uncer-
tain origin.

Alloys used for jewellery and belt ornaments were found to
differ iIn composition thus offered the conclusion that they must
have been made of different materials and technologies.

The composition of bronze objects from the Avar and Roman
Ages so far has allowed us to believe that the recasting of Roman
bronzes was not a widespread practice of the Avar Smiths even iIn
the region of one-time Pannonia.
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MARINE PHOTOSYNTHETIC CARBON ISOTOPIC FRACTIONATION
REMAINED CONSTANT IN THE EARLY OLIGOCENE

E. Hertelendi, 1. Veto*™

Pre-Neogene marine kerogens reveal much lighter carbon
isotopic composition than do Neogene-Quaternary marine
kerogens [1]- Recent studies [2] suggest that isotopic reversal
is due to an Oligocene-Miocene drop in atmospheric carbon di-
oxide level caused by a decrease of marine photosynthetic
carbon 1isotopic fractionation (MPhCIF). Our results show that
the Early Oligocene marine kerogens from Hungary and the Car-
pathians belong to the light pre-Neogene kerogen group and
they do not show a stratigraphic trend toward less negative
613 values. This finding makes unlikely that a decrease of
fractionation would have begun during the Early Oligocene. The
large non-stratigraphic variation of the kerogen 613C value
revealed by our samples reinforces ideas about importance of
local, environmental contraints [1,3,4] on carbon isotopic
composition of marine kerogen.

Formation of kerogens lighter than average can be ex-
plained by the contribution of some very light carbon. This
carbon can be introduced into the process of photosynthesis
as CO02 derived by bacterial oxidation of the sedimentary organic
matter or it can be added to the sedimentary organic matter
during the very early burial as cell material of metanotrophic
bacteria. Since the carbon of the cell material of these bac-
teria can be significiantly lighter than that of the substrate
methane, 1in the case of the oxidation of biogenic methane with
a 613C of at about -60 %0 even miner contribution of the corre-
sponding cell material can cause a large negative shift in the
isotopic composition of the sedimentary organic matter.

Heavy kerogen found in a layer represents only 1 ky long
time interval does not give a convincing evidence for a long-
-standing change in isotopic fractionation. This nanno marl
layer witnessed anannofrorial bloom so it can not be excluded
that during i1ts formation carbon dioxide acted as the limiting
nutrient what §s known to cause an enrichment of the heavy
carbon isotope in the marine kerogen.
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GEOCHRONOLOGICAL STUDIES WITH THE K/Ar METHOD

K. Balogh, E. Arva-S6s, Z. Pécskay

In 1989 appeared a number of publications which were based
on experimental results obtained in the previous years.

A summary of bio-and chronostratigraphy of the Carpathians
during the period of Main and Late Alpine Molasses has been
prepared in a cooperation with the Geol. Ust. D. Stura, Bratis-
lava [1], the age of metamorphism and uplift has been estab-
lished in the Little Plain (coop.: Geochem. Res. Lab. of Hung.
Acad. Sei., Budapest) by dating < 2ym K-white micas [2], the
K/Ar age of a new basalt occurrence has been measured (coop.:
Hung. Nat. Mus. , Budapest; Geochem. Res. Lab. of Hung. Acad.
Sei., Budapest) [3]- The reliability of K/Ar ages obtained on
Pliocene basalts has been considered and it has been pointen
out that the too old age of the Somoska basalt could not been
explained by i1sotopic fractionation of atmospheric argon
(coop.: Geol. Ust. D. Stura, Bratislava; Hung. Geol. Inst.,
Budapest) [4]- New chronologic results on the covered Neogene
volcanites in the Great Hungarian Plain have been presented
(coop.; Dept. Miner. Geol., Kossuth L. Univ., Debrecen) [5]-
Age of magmatism and partly that of alteration has been es-
tablished for the Mesozoic volcanites south of the Mecsek Mts.
(coop.: Hung. Geol. Inst., Budapest; Ore Mining Comp, at Me-
csek, Pécs) [6]- Jurassic age has been measured for an andesite
reached by borehole Nagybatony-324, North-Hungary (coop.: Hung.
Geol. Inst., Budapest) [7]-

In 1989 continued the study of anomalously old ages ob-
tained on Pliocene basalts. It has been pointed out that the
too old age of the Somoska basalt was caused likely by the
positive correlation of K and excess Ar content of this rock.
(Coop.: Geol. Ust. D. Stura, Bratislava; Hung. Geol. Inst._,
Budapest) It has been demonstrated by recording Ar release
spectra that the argon retentivity of cryptomelene 1is superior
to that of the clayey crust of manganese nodules at Urkut. On
this ground an age of 85-90 Ma has been established for the
oxidization of manganese carbonates at this locality (coop.:
Dept. Miner. Geochem. and Petrogr., Jozsef A. Univ., Szeged;
Geochem. Res. Lab. of Hung. Acad. Sei., Budapest). Badenian
andesites have been detected south of the Balaton (coop.: Hung.

Geol. Inst., Budapest). Middle Oligocene age has been established
for the volcanic rocks of Central Rodope, Bulgaria (coop.-:
Geol. Inst. Bolg. Acad. Sei., Sofia). Continued the chronologic

study of Mesozoic magmatic rocks in the Transdanubian Central
Mts. and in North Hungary.(coop.: Dept, of Petrogr. and Geo-
chem., EO6tvdés L. Univ., Budapest; Hung. Geol. Inst., Budapest).
Dating of Miocene tuffs and tuffits in the Western Mecsek Mts.
started (coop.: Ore Mining Comp, at Mecsek, Pécs).
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WATER TRANSPORT MEASUREMENTS ON OAK (Quercus petraea) TREES
BY 24Na TRACER TECHNIQUE

Cs. Béresl, A. Fenyvesi, T. Molnar2, P. Jakucsl, 1. Mahunka,
P. Mikecz, Z. Kovacs

linstitute of Ecology, L. Kossuth University, Debrecen
2Bicmedical Cyclotron Laboratory, Medical University School,
Debrecen

Radioecological experiments at the research forest area of the
Sikfokut Project of the Kossuth University [1] were continued

for clearing the mechanism of the new type of early and sudden

death of trees of the most wide-spreaded kind of oaks (Quercus
petraea) 1in Hungary.

24Na was produced via the 27AI(n,a)24Na reaction at the intense
fast neutron source of the MGC-20 cyclotron. The activity needed
for one experiment (cca. 20 MBqg) was prepared in carrier-free
form in 5 ml of distilled water. The active solution was iIn-
jected into the tracheas of healthy and sickened Quercus petraea
trees. Gamma radiation of 24Na moving in the tree by the water
stream was measured by a minicomputer based system consisting
four scintillation counters fitted onto the trunk at different
height.

Velocities of the water stream iIn the penetratable (or working)
tracheas of the tree were calculated from the time dependences
of the counting rates of the detectors. The measured values
were in the range of 5 - 350 cm/min dependent upon the external
abiotic conditions (meteorological situations, soil humidity,
hour of the day, etc.). The velocity of the water stream could
as well be the same iIn the working tracheas of healthy and
sickened trees.

The rate of the water transport is decreasing with decreasing
number of working tracheas. The chance of injecting iInto working
tracheas and measuring nonzero velocity is depend on their per-
centage in the tree consequently our experimental technique 1is
capable of detecting the presence of unpenetratable tracheas
even at the early stages of the desease [1].- The percentage of
working tracheas in the sickened trees is smaller than that in
the healthy trees as it has been verified by other investi-
gations, too [2]-

The other important factor is the water uptake of the tree. |In
this connection the role of micorrhisas of oaks is crucial. In
the soil of the test fields pH=4.8-3.9 values were measured.

The ecological limit for the micorrhisas of oaks iIs at pH=4.5
under fTorest circumstances. At this critical pH value the quanti-
ty of micorrhisas of oaks decreases dramatically [3]. As results
of that the water uptake of the tree i1s blocked and the working
tracheas become plugged up even iIn the middle of the vegetation
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period. The last stage of this progress is the death of the
tree.

It seems to be proved that the primary reason of this disease
is the iIncreasing human activity and resulting increased acidity
of soil by pollution and acidic deposits [4].
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RADON MEASUREMENTS IN HUNGARIAN CAVES PERFORMED BY SOLID
STATE NUCLEAR TRACK DETECTION TECHNIQUE

I. Hunyadi and J. Hakl

Starting from 1978 iIn as many as 17 caves of Hungary
regular radon observations were carried out at 146 different
measuring places performed with monthly changed integrating
radon detectors. The shortest observation was near two years
long, while the longest is still going on from the beginning.

The Tirst dozen radon measuring sites were set off in the
Hajnéczy cave. Later the radon observations in caves were
extended to the majority of the Hungarian Kkarstic regions.

(Fig.1.).

Fig. 1. The location of the caves where regular radon
measurements have been performed by solid state nuclear
track detectors in the last decade in Hungary.

The underground cavities 1iInvestigated by us show a wide
variety according to the form, extensions, depth, origin, ...
starting from smaller chimney-caves and ending at Dbig
complicated systems. However these differences are reflected
partly in the measured radon activity concentrations the mean
values do not differ one from the other more than a factor of
30.

It was recognized that iIn every caves more or less
periodical fluctuations of smaller or larger amplitude can be
found around the mean value of the radon activity
concentration (Fig.2.). The frequency and amplitude
distribution of the observed radon data are characteristic for
the cave and its environment, for the uranium (radium) content
of the enclosing rocks and stones and for the extension of
that porous surroundings which 1is 1in correspondence with the
cave air by the 1intrusion of atmospheric air and radon traced
subsurface fTluids.
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The direct radon emanation ¥from the wall surface of the
known cave labyrinths cannot account either for the maximal
values or for the variations occurring in the radon activity
concentration of the cave air or other substances.

HAINOGZY CAVE Fig. 2. The seasonal variation with
one year periodicity iIn the radon
activity concentration measured
in the Great-hall of the Hajndéczy
cave. Dashed 1line resulted 1in a
low pass TFilter procedure with
one year moving average (MA).

The most common and the most apparent phenomenon which
takes place 1in the majority of the investigated caves is the
periodically formed, temperature gradient forced air flow of a
seasonally reversed direction resulting in a typical radon
distribution pattern (Fig. 2.). In some cases less regular
water inflows are the determining factors 1in the formation of
the radon concentration iIn caves.

Fig. 3. Long term variation
obtained by a low pass
filter procedure from the
one month 1integrated data
of the caves involved into
the radon studies by
SSNTDs.

In spite of the great variety iIn the geographical situation
of the caves and even for different substances similar basic
tendency manifests itself in the longterm behaviour (Fig.-3.):
rapidly decreasing values in the late 70-s are joining through
a definite minimum to 1iIncreasing curves which have a broad
maximum around 1986 and decreasing again in the present days.
Further research are 1iIn progress to look for intermediate
environmental processes which may help to understand this
tendency.

This work was supported in part by the Research Fund of the
Hungarian Academy of Sciences, contract No. AKA 1-3-86-185.
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RADON TRANSPORT BY WATERS IN CAVES
OF EASTERN BUKK REGION

J. Hakl, 1. Hunyadi and L. banért*'"

Radon mapping has been performed in the Létrasi-Vizes,
AnNna, Istvanlapa, Szepessy and Miskolctapolcai-tavas caves
(Lénart et.al. 1989). To study the direction of radon
transport processes simultaneous measurements of radon

activity concentration in different substances were performed
at 6 places, 2 in the Létrasi-Vizes, 1 in the Istvanlapa and 3
in the Szepessy caves.

| EIRASIVIZES GAVE ‘_I’he longest time se ries
obtained are at the Lake in the

Létrasi-Vizes cave (see Fig.),

e where the radon activity
gpA kN k . . concentration varied strongly with
“Ta _ time. The highest average radon
u Sl activity concentration was found in

the stream (2.0 kBg/m3, in air

equilibrium equivalent = 5.1

kBg/m3) then in decreasing order in
the air above the Lake (3.4
kBg/m3), on the surface of a clay
hang near the stream (3 kBg/m3) and

in the water of the Lake (1.0
kBg/m3, in air equilibrium

equivalent= 2.6 kBg/m3).
I When the stream in the L étrasi-
'1983 11984 3Bl 11986 987 11988 Vizes was _dry, the radon
concentration in the Lake fell to
Fig. The radon activity zero, while the concentrations in
concentrations in differ- other substances depending on
ent substances and water season were low in winter and high
yield of the feeding in summer.ln case of active stream,
stream at the Lake elevated radon levels were always

in the Létrasi-Vizes cave measured in the surrounding of the

Lake. The radon concentration
found in stream showed a good correlation with the water
yield of the stream. 1t follows that radon is essentially
carried to the Lake by the stream. These observations can be
explained by the way, that subsurface waters permeating porous
rocks can significantly be enriched in solved radon, so then
entering the cave they may increase the radon concentrations
by degassing inside the cave.

At each site Iin the Szepessy and Istvanlapa caves we always
measured low radon activity concentrations with only a slight
change in time. The sequence of the averaged data showed
another character then those observed around the Lake in the
Létrasi-Vizes cave. The highest mean values were found in soil
and air (900 Bg/m3). The concentration values found in
stagnant waters are lower and similar to that measured in

* Technical University for Heavy Industry, Miskolc
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dropping waters of the Létrasi-Vizes cave (200 Bg/m3, in air
equilibrium equivalent = 500 Bg/m3).

The difference between the values of mean radon
concentrations in different caves is apparent. From the
summarized data we can conclude that from the point of view of
ventilation the Szepessy and Istvanlapa caves can be regarded
much more closed than the Létrasi-Vizes cave. The form of
these caves ( more than 100 m deep narrow vertical entrances )
also gives a good support for the latest statement. In these
caves there are also the clastic deposits of non karstic
origin among the sources of radon, which were transported into
the caves by late waters. However in the lack of strong fluid
motions, which can significantly influence the radon levels in
caves, the formed radon concentrations are lower, than in the
nearby L étrasi-Vizes cave.

This work was supported in part by the Hungarian Academy of
Sciences, Research Fund contract No. AKA 1-3-86-185.

REERENCE
L. Lénart, G. Somogyi, J. Hakl and 1. Hunyadi: Radon

mapping in caves of Eastern Bukk region, Proc. of the 10th
Int. Conf. of Speleology, Aug. 13-20, 1989, Budapest

71



RADON AS A NATURAL TRACER OF CAVE AIR CIRCULATION

G. Géczy*, I. Csige

W& have been performing continuous radon concentration
measurements with solid state nuclear track detector in the
Szemlo-hegy Cave since 1985. The passages of the cave are
nearly horizontal, their total length is 2200 metres. The
radon concentration shows seasonal variation with summer
maxima and winter minimum at each measuring site and increases
moving on towards the end point of the cave. These changes of
the radon concentration can be interpreted with the help of a

simple air circulation model of the cave (Géczy et al. 1989).
During 4 years the mean radon concentration decreased at
each measuring points by cca. 20%0. Depicting the radon

concentration of the cave air as the function of the external
temperature we get curves with hysteresis (see Fig.).

The shape of the curves
becomes flatter and flatter during
the observation, that is, less and
less radon enters the cave at the
same external temperature. Since
the radon concentration of the
cave air is determined by the
porosity of the rock and the
surface/volume ratio of the
fractures, the reasons of the
decrease can be the following:

Fig. Relation between the 1. The water content of the
radon concentration and rock has been changed, which
external temperatures implied a change in the porosity.
changing with years 2. A part of the fractures has
become plugged, therefore the

surface/volume ratio of the fracture system decreased.

3. The fractures have been widened out thus
surface/volume ratio of the fracture system decreased.

On the basis of the available data there cannot be detected
a longterm unidirectional variation either in the external
precipitation, or in the rock dilatation. Therefore we can
assume that the radon concentration decreases as the effect of
the plugging of the microfractures. This hypothesis is
supported by the fact that during the air circulation of the
cave, the pollution of several ten thousand cubic metres air
yearly and of the infiltrated external waters are deposited in
the cave and in the fracture system.

This work was supported in part by the Research Fund of the
Hungarian Academy of Sciences, contract No. AKA 1-3-86-185.
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XPS STUDY OF THE SURFACE COMPOSITION OF AMBIENT AEROSOLS SIZE-
SEGREGATED BY CASCADE IMPACTORS

J. Téth, L. Kovér, 1. Vajasdy-Perczel*, P. Mikecz,
T. Tarnoéczy*

* Dept, of Atomic Phys., Lab. of Surface Phys., TU, Budapest

During 1989 the XPS investigations of size-segregated
(<0.5 pm, 0.5-1 pm, 1-2 pm, 2-4 pm, 4-8 pm, 8-18 pm) ambient
aerosol particles were continued to get new data for surface
nitrogen and sulfur compounds on the surfaces of aerosols
sticked on teflon (TFE) samplers and to reveal the
distribution of carbon contamination and silicon originated
from the particles vs. size fractions. For the reliable data
interpretation AES, SAM, SEM methods were also used to check
our earlier statements [1], 2], [3] concerning to the
correlation between elemental concentrations of carbon/
sulfur. The SAM was introduced to get lateral distribution of
S, C, 0 on the surface of Cu samplers. Model experiments in
atmospheric conditions, reaction of S02 and H2S gases with Cu
and Ni surfaces were made as well [4].

In the XPS spectra the very large intensity C Is peak
originated from contaminations (e.g. soot particles) decreased
sharply when we went from the small particle size fraction
(<0.5 pm) to the larger ones (1-2 pm). The intensity of Si 2s
peaks sharply decreased, when we went from the [larger
fractions to the lower ones. The systematic study of this
preliminary indications 1S In progress.

In our model experiments the reaction of S02 with Ni and Cu
surfaces resulted S042°/S032_ peak, with H2S we have got S2-
peak. After 5 keV, 0i=45°, 20 pA/cm2 Ar+ ion bombardment for 5
minutes the S0427°/S032" peak was reduced to S2* in the case of
Cu, while 1n the case of N1 i1t was reduced only partly to S2~

[4]-

New experiments by the help of teflon samplers in the
Battelle type cascade impactor are in progress to investigate
the more final details of representative sampling vs.time
region of the part of the day.

Studying of the combination of different surface methods
from methodical point of view for the 1Investigation of
surfaces of ambient aerosol particles is continued also to get
more reliable information on chemical composition and
morphology of the particle surfaces.
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CORRELATIONS BETVVEEN HAIR BICELHVENTS AND CLINICAL PARAVETERS
IN HINGARIAN DIABETIC CHILDREN

J. Bacsé and |. Uzonyi
Inst. Nucl. Res. Hung. Acad. Sei. ATOMKI), Debrecen
M A Cser
Dept. Child. Health Ngl1l of Semmelweis Med. Univ. ,
Budapest.

In twenty diabetic children (3-15y) and in other members of
their family <8 healthy siblings and 15 healthy parents) micro
elements were analyzed in hair samples by XRFA Patients and
family members were taking the same quality food containing 4026
carbohydrate of their total calorie needs. Patients were on
NOVO Actrapid <0.39+0.21 1U/kg/d) and Monotard <0.54+0.17 1U/kg
/d>. In the patients there were measured the urinary glucose
excretion and the glycosilated haemoglobin (HbAt), too.

The hair samples were cut near to skin from the occipital
region of head, and the first section of a few cm was used for
analysis. The measurements were carried out using an ATOMKI-type
Si(Li) X-ray spectrometer of RPAHMEIES eV resolution for MK
line. The characteristic X-ray lines of elements with Ilow
atomic numbers (Z < 24) and with higher atomic numbers (Z>24)
were excited by sske and ,2SI annular radioisotope sources,
separately. Evaluation of characteristic x-ray spectra were
performed using measured counts in fixed energy windows for

each x-ray line. 1In case of &Fe excitation the background at
each Xx-ray peak position was calculated as a linear function of
the unresolved Compton-and Rayleigh-peak area. In case of ,251

excitation the background was determined quite similarly, but
instead of the backscattered peak the counts measured in the
4.2-5.2 (KeV) energy interval were used. After background
subtraction the peak overlap was corrected by predetermined
peak interference factors. Calculation of elemental composition
was carried out with an X—+¥ray fluorescence method elaborated
for any thickness biological samples. The method is based on
the use of a calibration standard, which is similar in
composition to the unknown, applying the following equation
system for the concentration calculation: W&EVIKKGI/GI= WS \A°
denotes the concentration of element i and the apparent
concentration, respectively. The difference Iin matrix
absorption and sample thickness between the unknown and the
standard are taken into account by the G*l/Gix function which
had been derived from the Shiraiwa-Fuj ino equation in
parametral form. For calibration the H-8 animal Kidney standard
was applied in the present work.

Results: The elements: P,S, Cl, K Ca, Mh Fe, Ni,Cu, Zn,Hg,As,Se,
Br, Pb,Rb,Sr,Zr, Mo,Cd were measured in hair samples of diabetic
children and healthy members of their family. On the basis of
statistical evaluation of results, at the first glance, the
hair-K,-Cl,-Ca and -Zn concentrations are remarkable:

Kand Cl: The mean values and standard errors are: K(650+130)
ppm, CIl(2830+480)ppm for diabetic children and K(250+58) ppm,
Cl1(1310x22) ppm for members of families and the regression
equation between K and Cl are: K(ppm)=0.2347xCl(ppm)-15.38,
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r=0.8694 p<0.001 N=25 for diabetic children and
K(ppm>=0.2479xCIl(ppm)-36.78, r=0.8409 p<0.001, N=28 for members
of family. It is seen from the figxires that the K and CI
excretion into hair (probably the metabolic rate of Kand CI)
is two times higher for diabetic children than the other
members of the family. Supposing further that CIl is excreted
mostly in form of KCL and NaCl, the Na excretion is higher in
the members of family than in diabetic children.

Ca and Zn: Positive linear correlations were observed between
hair Ca and urinarie glucose excretion (see fig. la) r=0.92
pP<0.001, duration of diabetes r=0.77 p<0.01 and glycosylated b
(fig. Ib) r=0.74 p<0.01 . Haix—Ca and hail—2Zn show a non linear
positive correlation (see fig.2a diabetic, fig.2b family). It
should be mentioned that the saturation value for hair zZn (—-300
ppm) is 50206 higher in both group than for the healthy adults.
Further although impaired relationship was observed between
hail—zZn and urine glucose r=0.49 pCO.Ol N=25 duration of
diabetes r=0.53 p<0.01 and HobAL r=0.39 p<0.05. The
physiological evaluation of figures observed will be detailed
in other paper.

Fig. 1 Hair-Ca vs. urinary glucose excretion (la) and
glycosylated haemoglobin (Ib).

Fig. 2 Hair-Zn vs. hair-Ca. la/diabetic, Ib/healthy.
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PRODUCTION OF 110In VIA Cd(3He,xn)11°Sn % 11°In REACTION
WITH LON ENERGY CYCLOTRON FOR PET INVESTIGATION

F. Szelecsényi, Z. Kovacs, F. Tarkanyi, Gy. Toth+

The 110In is a positron emitting (62%) radionuclide with a
half-life of 69 m With the increasing use of positron emission
tomography in nuclear medicine, compounds labelled with [I0In
could be potentially useful for imaging with PET scanners, for
example for diagnosing the rejection of transplanted organs,
when repeated investigation with short interval is necessary to
see the effect of the used therapy.

The only practical way to produce 110In without producing
its 4.9 h half-life, non-positron emitter isomeric state leads
through its parent nuclei, the 110Sn (T~ = 4.11 h) which decays
only to the ground state of 110In. Until now the 110Sn has been
produced by proton particle irradiation of natural In target (1).
However, this method of production demands a high energy cyclot-
ron (Ep= 80 MeV). With low and middle energy cyclotrons for
practical production two other possibilities exist: the (p,xn),
(p,pxn) reactions on Sn above 20 MeV and the (3He,xn), (**He,xn)
reactions on Cd for lower energy accelerators. In this work we
investigated the Cd(3He,xn) 110Sn process which can be performed
using our low energy cyclotron.

Excitation function was measured by stacked-foil technique
for the reaction of Cd(3He,xn) 110Sn on natural Cd in the energy
range of 16.3 to 27 MV using the MGC-20 cyclotron of ATOMKI,
Debrecen. Commercially available high purity cadmium foils
(Goodfellow, Cambrigde, England) and samples prepared via elec-
trolytic deposition of Cd on Ni foils were used as target mate-
rials. The excitation function measurement was carried out by
activation method using gamma-ray spectroscopy. The experimental
technique and the data evaluation were similar to (2). The com-
mutative cross sections obtained are shown in Fig.l. The aboun-
dance of the target material and the Q-values of the contributing
nuclear reactions are summarized in Table 1. In the investigated
energy range the 11°Cd( 3He,3n) 110Sn reaction appears to be do-
minant. The calculated thick target yield of 110Sn amounts to
1860 MBg/C (~180 pCi/pAh) in the energy range of 16.3 to 27 MV
The levels of the radioactive impurities of 108Sn, 109Sn, bll5n,
usSn and 111 Sn at EOB depend on the irradiation time and the
isotopic aboundance of the target. 2

For production the irradiated Cd of 0.1 g/crn target was
dissolved in 9 MHBr, evaporated to dryness and picked up in
5 m 9 MHBr. After an optimal cooling period of -3 h, the main
part of the contaminating Sn isotopes decayed out except 113Sn
(T~ = 115 d). For separation of the directly produced and decay
product In isotopes from Cd matrix and Cd and Sn radioisotopes
cation exchange method was chosen (3). DOAMEX 50 WX-2 (100-200
mesh) resin was used to select the In isotopes from Cd and from
the main parts of the Sn isotopes. The solution was led through

+ Biomedical Cyclotron Laboratory, University of Medical School
Debrecen, Hungary, H-4012
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the column of 4 mmi.d. and 4 cm lenght with 1 ml/min volume
speed. The column was washed with 10 ml of 9 MHBr to remove
the Sn remained on the resin as much as possible and without
removing In isotopes. Because of the not too low distribution
coefficient of Sn(lV) at this molarity we reduced it to Sn(ll)
where this coefficient is smaller therefore no significant part
of Sn remained on the column. 174 min later when the 110In ac-
tivity reached the maximal value in the filtrate, the solution
was led again through another column. To remove the 110In acti-
vity the resin was eluted with 3 MHBr and the filtrate was
evaporated to dryness. The 110In activity (A) at the end of the
radiochemical process can be given by

A= bC
where C is the EOB activity of 110Sn and b= 0.35 which includes
the cooling times and the efficiency of the radiochemical sepa-
ration. 110In-oxine was prepared using the method of Thakur (4)
for labelling cellular blood components.

This method for producing 110ln with low energy cyclotron
seems to be simple and quick. The shape of the excitation func-
tion for 110Sn and the isotopic aboundance of the target used
suggest that yield could be significantly increased using higher
entrance energies and enriched target.
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Fig.l. Excitation function of CdCMHe”n”"Sn reaction measured on natural Cd.

Table 1. Nuclear processes contributing to the formation of ~ Sn.

Reaction Q Isotopic Aboundance
(MeV) of the Target ( 4 )
100Cd(3He,n)110Sn + 3.4 0.89
110Cd(3He,3n)110Sn -13.8 12.5
111Cd(3He,4n)110Sn -20.8 12.8
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PRODUCTION OF PURE IODINE-123

P. Mikecz, L. And6, 1. Mahunka, J. Téth, A. N.Chelcovl,
1. A. Suvorovl

1 Kurchatov Atomic Energy Institute, Moscow USSR

One of the most important medical radioisotopes is
the 1231. However, up till now the Debrecen cyclotron
produced 1231 was not pure enough because of the poor
enrichment of 123Te 1in our target material [1]- To solve
this problem a new method had been developed 1in the
Kurchatov Atomic Energy Institute to produce a higher
enriched material. The 1isotopic compositions of this and
the earlier used tellurium-dioxide are given in Table 1.

compos itions of enriched tellurium

12°Te 122Te 123Te 124ipe  1251¢ 126Te 128pe 130
Te

in %

a <0.01 1.62 73.4 11.5 3.1 3.71 3.81
2.86

b <0.1 1.6 95.6 2.7 <0.1 <0.1 <0.1
<0.1

a:from Technabexport b: from Kurchatov Ins.

The high enriched [123Te]tellurium-dioxide material of
the Kurchatov Institute was tested by XPS. The chemical
composition was found to be 2Te02.S03. This compound was
transformed into Te02 by heating up to 600 °C for 5
minutes, then i1t was melted onto platinum backings. In this
way two targets were made with 102 and 115 mg/cm2
thickness.

The yield and the purity of the 123i produced from this
material were determined at different proton beams using
the horizontal isotope production beam-line of the MGC-20E
cyclotron [2]. The bombarding energies were 12, 15 and 18
MeV at a beam current of 200 nA. The obtained results are
shown in the Table 2.

Our results are comparable with the earlier
published data of Scholten et al. [3], and Barral et al.
[4]- On the basis of our measurements the 1231 produced
from the new TeO02 at 15 MeV or Qlower bombarding proton
energies is suitable for medical purposes because of the
reduced level of undesired i1odine isotopes.
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Table 2. Experimentally determined 1231 yields and impurity

levels
Bomb, energy 12 31-yields Impurities in % at EOB
[MeV] [GBg/C] 12 1j 124j 130j

12- 9.6 23.7 n .d. 0.33 n.d.
12- 9.45 27 .1 n.d. 0.31 n .d.
15-13.0 22.8 1.5 0.26 n.d.
15-12.8 27 .6 1.4 0.27 n .d.

* 15-10.6 20.5 1.2 2.2 1.1
18-16.3 6.67 34.2 0.30 n.d.
18-16.1 7.7 31.6 0.27 n.d.

*: TeO02 from the Techsnabexport
n.d.: not detectable
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PRELIMINARY REPORT ON THE PRECLINICAL EXPERIMENTS REQUIRED
FOR NEUTRON THERAPY

A. Csejteil, A. Fenyvesi, L. Trén2

IRadiological Clinic, Medical University School, Debrecen
2Biomedical Cyclotron Laboratory, Medical University School,
Debrecen

Nowadays application of fast neutrons in cancer therapy 1iIs con-
sidered as a standard treatment modality in highly developed
countries [1]. According to international comprehensive sta-
tistics neutron therapy would be absolutely indicated iIn case
of about ten procent of all cancer patients.

The compact MGC-20 cyclotron in Debrecen might offer new di-
mension for radiation treatment by making possible to use high
LET particles. Though application of fast neutrons in cancer
treatment has a long history, a lot of theoretical and practi-
cal questions of this treatment modality are not solved in a
satisfactory way. This can be explained basically by the fact
that each cyclotron and each neutron sources have individual
dosimetric characteristics having a remarkable impact on the
relative biological effectiveness (RBE). Therefore beyond a
reliable physical dosimetry a far reaching radiobiological ex-
perimentation that is an equally reliable biological dosimetry
seems to be absolutely indispensable [2], [3]., [4]- Finding
proper biological systems showing quantitatively dose depend-
ent reactions we have carried out RBE determinations as the
first steps on this way.

Mammalian cell cultures were irradiated by uncollimated beam
of fast neutrons produced on thick beryllium target bombard-
ed with 10 MeV deuterons. A Chisobalt standard cobalt unit was
used as a reference.

Bone marrow was prepared frcm (BALB)cXCBA/FI mice and irradi-
ated. Survival fraction of granulocyte-macrophage colony fanning
units in culture (GM-CFUc) was plotted against absorbed dose

of fast neutrons and Co-60 gamma ray. [5]- RBE was defined as
the ratio of D values of the appropriate survival curves and
proved to be a8 much as 2.5.

Finding the colony forming technics too troublesome and time-
consuming not to speak about statistical difficulties, the
more Tlexible method of flow cytometric analyses of the DNA
content of single cells was employed using Becton-Dickinson
FACS 111 device. SP/2, V79 and DD cell lines were 1irradiated
and G2 phase block was determined after 24 h 1ncubation time.
An excellent correlation was found between survival measured
by the classical colony forming technics and the extent of G2
phase block in the studied range. This modern, reliable and
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fast method seems to be an effective way to investigate most
questions related to the dose, dose rate and spectrum de-
pendence of the RBE as well as the oxygen enhancement ratio

(OER).

In conclusion it can be stated that our cyclotron offers a
real alternative in radiation treatment of cancer patients.
We do believe, the preclinical experimental work just started
serves the purpose of the subsequent human therapy.
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INVESTIGATION OF BIOSYNTHETICAL FORMATION OF p-OH-V-PENICILLIN
BY TRITIUM LABELLED PRECURSOR

I. Kovacs+, B. Palotds+, Z. Kovacs

The tracer technique is very frequently used in the
investigation of biosynthesis of antibiotics. The type of
penicillin formed depends on the structure of precusor, added
during the fermentation.

During the V-penicillin fermentation a part of the
phenoxyacetic acid (POAA) undergoes hydroxilation forming
p-OH-phenoxyacetic acid (p-OH-POAA) and paralelly about 5%
p-OH-V-penicillin also appears (Fig.l.). It finally results in
lower yield of V-penicillin because many cleaning steps are
required to eliminate the contaminating product below the
permitted level.

There are 3 possible ways of p-OH-V-penicillin formation
(Fig.2.). According to the results of fermentation experiments
the possibility of way | was excluded.

At way Il the POAA while at way IlIl the p-OH-POAA, formed,
previously from POAA, is the precursor. Fermentation
experiments did not give unambiguous answer for these two cases
therefore we investigated the appearance (way I11) or absence

(way 11) of T-labelled p-OH-POAA precursor added to the broth
during fermentation.

The labelled p-OH-POAA was prepared according to the
following reactions:

CH‘- Q0CH + Cl2 106l (PoC- CGH2-COOH « HA

d
H
CH*- COOH+ 0 CHIr-cooH Hl
d H 0
0
CH

The final product was cleaned in many recrystallization
steps to obtain pure precursor. The overall yield was 12%, with
0.5 MBqg/g specific activity.

The sterilized solution of the labelled p-OH-POAA was added
to the broth at 48 h of fermentation. Two paralell shaked
fermentations were carried out: one was running with POAA, the
other with p-OH-POAA precursor. The fermentations were stopped
at 72 h and after the filtration and separation of Dbroth the
activity of penicillin and precursor fractions were measured
with LKB liquid scintillator.

+BIOGAL Pharmaceutical Factory, Debrecen
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In the case of PQOA precursor all the activity remained in
the precursor fraction and no activity appeared in the
penicillin fraction, while at p-OH-POAA precursor 22% of the
activity was measured in the penicillin fraction. Therefore the
p-OH-V-penicillin is formed only on way II during the
V-penicillin fermentation.

Fig.l. Formation of p-OH-V-penicillin during V-penicillin
fermentation with phenoxyacetic acid precursor
s 4 Ch3
<0>0-CH2-CO0H <Q>0-CH2-NHH o
0 GOH

V- penicillin

HO< U > 0- GH2- @0- NH—F~ < L 3
QOH

p-OH-phenoxy acetic acid p- OH-V- penicillin

Fig.2. Theoretical possibilities of p-OH-V-penicillin
formation
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THE ANALITICAL APPLICATION OF CHARGED PARTICLE INDUCED
X-RAY EMISSION METHOD

I. Borbély-Kiss, E. Koltay, Gy. Szab0

Aerosol research

Regular aerosol sampling has been continued in collaboration with Cen-
tral Institute of Atmospheric Physics. Samples of atmospheric aerosol particles
collected in rural sites of Hungary were analysed up to 21 elements by PIXE
method. Selenium and vanadium related concentration data for selected trace
elements sometimes used as elemental tracers in characterising regional aerosols
were deduced and compared with data from literature.

Vanadium-related signatures were found to be more reliable than those
based on selenium when using PIXE data due to increased concentration to
minimum detection limit ratios in the former case. As for the tracing power of
the signatures, the difference in ratios found in different periods for the same
location were always found to be less than the geometric standard deviation.
The similarity of distribution curves in different periods is also reassuring. A
comparison with data published in the literature indicates that local signature
data reflect the structure of national energy sources. With a source-oriented
approach, estimates have been deduced for elemental aerosol concentrations
and for contributions to the concentrations by the emissions in Hungary and in
neighbouring countries by the aid of a long-range transport model applied to
an annual average air trajectory (Table 1) [1,2].

From the results we can conclude that, by and large the concentrations
of the elements in atmospheric aerosols can be simulated by the simple model
applied. The evaluation gives a guess on the dry deposition velocities as well.
To perform a more consequent averaging for yearly data the model requires
some further improvement.

Food Industry

The ultrafiltered lactalboumin concentrate as additive is widely used by
the food industrial technologies in order to increase the protein content of
foodstuffs. In collaboration with the Faculty of Food Industry of University of
Horticulture and Food Industrie in Szeged we analysed with PIXE the macro-
and microelement composition of samples with different protein contents. The
aim of these investigations was to answer the question on how the protein
content influences the radiation resistance of the samples [3].

Biomedical research

PIXE analysis has been performed on different biomedical samples in
order to find optimum conditions for improved sensitivity limits for some trace
element. Among other the case of selenium has been carefully studied due to
an increased role of selenium in biomedical processes.



Dry depo- Concentration Hungarian fwet

Element sition calculated measured contri- "total”
velocity bution depo-
-1 A o iti
cm sec rig/ms n~/tn3 * 3';)"’”
v 0. 10 [25] 13.08
2.70 [25 ] 3.51 2.4 79 30
or 0.32 [25] 6.93 4.6 34 80
6.80 126] 0. 80
Mn 0.40 [25] 5.68 10.7
2.20 [25] 2.01
Co 0.3 126] 0.76 1.6 38 80
2.8 [25] 0.23
Ni 0. 13 [25] 5.54
2.0 126] 1.93 2.3 36 90
cu 0. 18 [25] 9.0
1.78 [25] 4.9 2.9 90 40
7n 0. 25 127] 26. 11 26. 4 13 85
4.5 [26] 1.63
As 0.1 [25] 1.75 2.5 24 90
2.3 [2 5] 0. 37
se 0.1 [26] 0. 19 1.2
0.79 [25] 0. 11
Pb 0.06 [28] 28.0 20.6 32 95
0.30 [29] 22.0
Table 1.
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STATUS REPORT ON THE CYCLOTRON

Z. Kormany, A. Valek

overall working time of the MGC cyclotron was 3753
hours w ch monthly distribution shown in Figure. The utili-
zation T the cyclotron was mainly concentrated to 9 months
reserved for maintenance and de-

remaining ones were
The cyclotron was available for the users 2535
is summarized

in the

Table
hours
500-
1 2 3 4 5 6 7 0 9 10 1n
months
Jbeam time maintenance | | break down
Projects Beam time
in hours
Nuclear spectroscopy 528
Nuclear reaction studies 387
Nuclear life-time studies 185
Isotope production 416
Neutron source 186
Material investigation 124
Charged particle irradiations 225
Total 2051

As developments,

scanner head has been buillt

vacuum chamber has been

used to

goods.

installed for

the prototype of the rotating wire

in to the transport channel; a big

irradiation of foils

investigate the fToil-filter production technology; an
irradiation process has been worked out to manufacture masks
from chemical resisting material (Melinex) to mark

industrial



ACTIVITIES AT THE VAN DE GRAAFF ACCELERATOR LABORATORY

L. Bartha, A.Z. Kiss, E. Koltay, A. Nagy and Gy. Szabd

During 1989 the beam time of the VDG-1 machine amounted
to 783 hours and its proton and helium beams fullfilled the
total need of electron spectrometery group working in atomic
physics, the only user this time. The construction and manu-
facturing of a new analysing magnet having a possibility to
analyse Z<10 ions up to 1 MeV energy has been performed.

The 5 MV machine was operating for 858 hours during this
period. Its beam time was distributed among different research
subjects and used for tests as it is shown in table 1. Although
in most cases protons (61%) were accelerated, considerable
part of the measurements were performed also with alpha par-
ticles (16%) and 15N idons (10%). Some runs were made with C,
1N, F and He beams.

Table 1.

Field Hours %

Atomic physics 106 12
Nuclear physics 125 15
Analytical studies 404 47
Accelerator physics 208 24
Machine test 15 2
Total 858 100

The developement around the accelerator concentrated to
the test of a radio-frequency ion source of probeless ex-
traction geometry as a possible source of light heavy-ions and
molecular beams in different charge states. It has been proved
in Rutherford scattering analysis of the magnetically resolved
beam components that the high energy double charged beam is
mixed with a beam of low energy molecular fragments of the
same momentum. Results of such measurements are shown for illus-
tration in Figs. 1 and 2, for the cases of He and N beams, re-
spectively. Conclusions have been drawn on how such sources
can be applied in ion-atom collision physics and nuclear micro-
analysis .

A three port switching magnet of 1 MeV. Amu/e2 mass -
-enegy product together with a 1.8 kW high stability power
supply has been developed and manufactured upon the order of
IAEA. The system delivered will be used in the beam transport
system of a neutron generator at the Advanced Institute for
Nuclear Science and Technology, Havanna, Cuba.



counts/channel

Fig. 1. Energy spectrum ob-
served far helium as source

gas when deflecting He2+ com-
ponent and molecular fragments
of the same momentum at a termi-
nal voltage 1.3 MV. Intensity
ratios for the components given
in percentages were calculated
from peak areas and Rutherford
cross sections.
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Fig. 2. Same as in fig. 1. for
"N and 15N gases, at termi-
nal voltages of 2.0 and 3.3 MeV,
respectively.

L. Bartha, A.Z. Kiss, E. Koltay and Gy. Szab6: Nucl.
Instr. Meth. in Phys. Res., 1iIn print.
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TECHNICAL DEPARTMENT
1. Gal

The Technical Department of the ATOMKI provides the technical
background for the activity of the institute sharing between
fundamental and applied research.

In addition to the technical research and development for the
own demands, the Dep. has a considerable quantity of work under
contracts not only for the internal but the foreign institutes
and firmesjtoo.

The Tech. Dep. consists of an engineering office and a tech-
nology division.

A few typical development 1in which the Tech. Dep. has taken
part during the passed two years:

Quadrupol analyser-based PC controlled automatic monitoring
system for fermentation processes. By monitoring and analy-
sing the dissolved gases in the fermentation liquid, the system
makes the efficiency of the fermentation process optimum. This
work has been supported by national advanced research program.

A complete surface-analytical system 1is under testing now.
The system based on a high resolution electron spectrometer is
equipped with sample-transport and preparation devices, 30 kV
X-ray tube, ion-gun, electron-transport lens-system and hemi-
spherical analyser. The data acquisition and evaluation are
computerized.

General arrangement of an MI-1309 soviet made spectrometer
was reconstructed and modernized by changing vacuum valves,
pumps, 1ion source, etc. As a result of this development, better
ultimate vacuum level, higher ion-current, more stable ion-
-beam and increased resolution, and higher precision in the
determination of 1isotope ratio should be expected. Due to the
new multi-sample ion source, a significant time saving could
be achived because the change of samples will be carried out
without opening and baking the vacuum system after every single
sample change.

A new mass spectrometer (QMS) system had been constructed
to investigate the gas-metabolism of plants. In vivo, multi-
component measurements of gases in plants are carried out with
an unique analyser system, consisting of a quadrupole mass
spectrometer, a sampling unit with ten membrane probes, and a
growth chamber. The microprocessor controlled quadrupole mass
spectrometer makes it possible to measure gas concentrations
simultaneously and quickly. The vacuum for the QMS and sampling
unit is produced by full-automatic diffusion pump systems. The
membrane probes are stainless steel perforated capillaries
covered by 0,15 mm thick silicone rubber membrane.These sampling
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capillaries are directly put into the stem of the plants hermeti-
cally. The gases in tissues, liquids and hollows of the plant
diffuse across the membrane of the capillary and get into the
QMS. In vivo, continuous and multicomponent analysis 1is achieved
inthis way. The illumination and temperature of the plants

are controlled in the growth cahmber. Enviromental effects on
the internal gas composition of wheat stalk are observable.

Industrial design has been completed of the newest member of
existing oil diffusion pump-family. The expectable pumping
speed is 5000 Is-1 and the ultimate vacuum level is about 10-8
mbar using Santovac-5 oil filling.

A coupled GC-MS measuring system is under development. This
indispensable arrangement is spreading quickly in the up-to-
-date organic chemistry. The developing process includes a newf
quadrupol analyser of 1-500 a.m.u. with ion transport system
and closed 1ion source.

A superconducting gravimeter was designed and produced to
measure the time-dependence of gravitational field on a fixed
location. A superconducting ball is leviated in a stable mag-
netic field generated by a superconducting magnet. The position
of the ball is continuously recorded by SQUID-based detection
system. The whole probe is housed in a He gas filled tempera-
ture controlled chamber.

A susceptometer has been put In operation to measure low-
-field magnetic susceptibility of small-size samples. The mag-
netic Ffield is provided by a superconducting magnet. The samples
are introduced into a temperature controlled He gas filled
chamber. The magnetic moment of the sample is measured by SQUID
detector. Special vibration-free mechanics was designed to
move the samples between the detector coils.



THE EFFECT OF REAL GAPS IN ELECTROSTATIC SPECTROMETER
K. Tokési, A. Kovér, D. Varga

The calculations used generally for the determination of
the electron trajectories in an electron spectrometer do not
take i1nto account the distortion of the -electrostatic
potential caused by the gaps located in the inner and outer
electrodes for the entrance and exit of electrons and
particles. We 1investigate this effect for our ESA-13, "box"

type distorted field cylindrical mirror electron
spectrometer. The main parameters of this analyzer can be
found in ref. [1]- The radius of the inner cylinder Iis

RI=32mm. A computer program [2] 1is used to determine the
distortion of the electrostatic field around the gaps.

Schematic diagram of the spectrometer with the location of
the gaps can be seen in Fig.l. The size of the gaps are the
followings:

1.gap: 3 mm of diameter aperture from 6.4 mm of the
spectrometer wall for the entrance electrons
and particles

2.gap: 9 mm of diameter aperture from 41 mm of the
spectrometer wall for the outgoing particles

3. gap: gap between the two spectrometer electrodes

Ur

Detector

Fig 1. Schematic diagram of the "box" type distorted Tfield
cylindrical mirror electron spectrometer [ESA-13]
with the location of the gaps.

In this paper we demonstrate the effect of the gaps by
comparing the electron trajectories in the analyzer with and
without the gaps. The electrons enter the analyzer with 490
relative to the analyser axis and the 1initial start point
(source point) 1is 20 mm from the spectrometer wall on the
spectrometer axis.

The table shows the characteristic parameters of the
electron trajectories in the analyzer.
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Table

Characteristic parameters of the electron trajectories

gaps alpha rmax(mm) Z(mm)
without gaps 50.541687 61.50 112.92685
1 50.312679 61.27 112.91848
2 50.957566 62. 10 114 .22672
3 50.148507 60. 32 111.84008
1,2 50.729839 61.86 114.15366
2,3 50.574448 60. 88 113.29214
1,3 49.905723 60.07 111.64336
1,2,3 50.320145 60. 60 113.10890

Marks of the table are:

alpha: angle of the outgoing electrons
rmax: maximum radial range from the spectrometer axis
for the electron inside the analyzer;( R2=64mm)

Z: Z coordinate of the focal point
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MODEL CALCULATION OF X-RAY TUBE
K. Tokési, M. Rysavy*

* Nuclear Physics Institute, Czech. Acad. Sei.; 25068 Rez
Czechoslovaki a

The development of the computers has opened the possibility
to calculate the properties of bigger and more complicated
electrostatic arrangement. By the help of the Shakun program,
described in [1], the potential distribution of an X-ray tube
and the trajectories of the charge ©particles in the
calculated potential space have been calculated.

The Figure 1 shows the schematic cross section of the X-
ray tube with a typical electron trajectory.

house

Fig. 1 Schematic cross section of the X-ray tube with a
typical calculated electron trajectory

The position, where the electrons hit the anode (which 1is
an important parameter when the X-ray tube is used In an XPS
instrument) strongly depends ,on the position of the grid at a
given electrode potential arrangement.
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DOUBLE FOIL ASSEMBLY FOR A HIGH PRESURE DEUTERIUM GAS TARGET
T. Molnarl, A. Fenyvesi, I|. Mahunka, F. Tarkanyi

1Biomedical Cyclotron Laboratory, Medical University School,
Debrecen,

Biomedical neutron irradiations and especially human cancer
treatments need high mean energy and intensity neutron sources.
In the case of small cyclotrons (Ep<20 MeV) the optimal so-
lution is a high pressure deuterium gas target [1], [2]- Such
a type of sources was constructed by Schraube [3] for the
German Cancer Research Institute (Heidelberg) and now it has
been installed at the MGC-20E cyclotron in Debrecen [4]-

Increasing the pressure in the target volume a more defined
and point like neutron source is resulted but this is limited
by the mechanical strength of the entrance foil. A good way of
lowering the danger of a foil eruption is the use of a double
foil system and a helium flow between them at half pressure of
the target gas with the same beam energy loss. A puffer volume
in the closed helium gas cooling circuit gives the possibility
of collecting and recovering the expensive enriched target
material in the case of failure of the internal foil. A reali-
zation of this concept is shown iIn Fig. 1. Detailed studies
are in progress on the optimalization of the rate of the diame-
ter of the beam to the diameters of the foils, foil materials,
their thicknesses and cooling parameters.

Water cooling

Figure 1. The high pressure deuterium gas target with the
double fToil assembly.
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BEAM SPLITING FOR PARALLEL IRRADIATIONS
S. Takécs, F. Tarkanyi, I. Gal, L. Ando

The radioactive isotopes produced by charged particle
irradiation are usually more expensive than those made in
nuclear reactors, mainly because of the Jlack of parallel
irradiation possibility at accelerators. For this reason there
is a renewal interest for simultaneous experiments dividing the
primary beam into two or more parts. There are several type of
the beam splitter based on different phenomena [1,2] .

In this paper we report a new type of beam splitter. The
technical arrangement of it is shown in Fig.lI.

The beam coming from the accelerator goes through a rotating
magnetic field produced by a three-phase electric motor stator
mounted on the beam line. As the results of the interaction of
the charged particles in the beam and the magnetic field the
beam is diverted from its original direction. The shape of the
time integrated distribution of the ©particles in the beam
perpendicular to their original direction is a ring with a
radius which depends on the strength of the applied magnetic
field. The time integrated intensity distribution of the beam
can be seenon Fig.2. in the case of Gaussian shaped primary beam[3] .

Y

x
|

| ¥
k11

Fig.l. Iwo simultaneous irradi- Fig.2. The beam profile measu-
ations using rotating red by rotating scanner
magnetic field

HA

Applying an annular target after the rotating magnetic field
the beam can be divided into two parts. The main part is used
to activate the annular target while the particles going
through it after necessary focusing can be used to irradiate a
second target.

In this arrangement both targets are free from destructive
hot-spots. The beam intensity ratio on the two targets can be
changed continously by changing the strength of the magnetic
field. Stronger the magnetic field lower the intensity on the
second target. Applying this arrangement the original time
structure of the beam remains unchanged and there is no shadow
effect as in the case of the electrostatic splitter which can
cause intensity loss.

96



However, it should be mentioned that using this method at an
accelerator having a macro pulsing system a syncronisation must
be used for uniform thermal load of the targets. The method
requires an annular target which means more complicate target
preparation. Because of the loading limit of the stator this
method applicable only at a low energy accelerators.
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DETERMINATION OF EFFECTIVE BOMBARDING ENERGIES AND TARGET
FLUXES IN MEASUREMENT OF EXCITATION FUNCTIONS BY MEANS OF
STACKED-FOIL TECHNIQUE

F. Tarkanyi, F. Szelecsényi, S. Takécs, J. Végh

Cross section and production yield data of charged particle
induced nuclear reactions play important role in the production
of medical radioisotopes. The stacked-foil tecnique in which
several foils or gas <cells are placed in a series and
irradiated in one step is one of the most frequently used
methods for excitation function measurements. The main
advantages of this method are that it gives very good relative
accuracy; gives possibility for simultaneous irradiation;
correction for recoil losses is usually not necessary; and it
is economical. The weak points of the stacked-foil technique
are that large uncertainties appear in the calculated incident
energies because of the superimposed errors of the foil
thicknesses; there is variation in particle flux along the
thickness of a long stack; and cooling problem exists at low
melting point of the target and higher beam intensities.

These disadvantages could be eliminated significanty by the
new approach of monitor reactions in which: the energy scale,
the effective bombarding energy and the cross section values at
each samples of the stack are determined relative to the
monitor reactions. The fluxes in the stack are determined more
accurately wusing more monitor foils, and the beam intensity
reduction can be followed along the stack.

The basic principles of the proposed method are as follow:

When the beam energy in a given monitor foil is well
estimated, the fluxes ~calculated from different monitor
reactions are the same (provided that the cross sections of the
monitor reactions at least relatively correct).

If the whole beam entering the first foil goes through the
whole stack and the thicknesses and energies are well estimated
for each foil, then the calculated flux in every monitor foils
using the same monitor reaction must be the same.

The proposed method is illustrated by proton bombardement of
a stack with natural copper monitor foils. In practice the
bombarding beam intensity is determined with the first few
monitor foils wusing all the measured reaction channels (ABCD
points on Fig.l.). The next monitor foils give same flux values
only at the right energy position (EF). In the energy region
where only one reaction channel is open using the flux
constancy principle, the energy can also be estimated (G). At
many open reaction channels the beam divergency could be also
followed.

Our experiences show that in a stack having many foil after
8-10 MeV energy absorption using even the best estimation of
sample thicknesses, the experimentally "measured" energy may
shift 1-2 MeV I'3J. In the case of a long stack of gas cells
where the beam divergency plays an important role the flux
lowering could be simply followed. The method defines new
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A CHARGED PARTICLE BEAM ROTATOR FOR UNIFORM THERMAL LOADING OF
TARGETS

L. Andd, B. Téth, F. Tarkanyi

High intensity irradiations or targets with a Jlow melting
point need "hotspot-free"”, uniformly distributed thermal
loading of the irradiated targets. The uniform heat dissipation
could be achived by defocusing the beam, or by moving
periodically the target or the beam.

At most of the existing beam lines the beam is swept by
periodically changed perpendicular dipole magnetic fields. An
other applied solution is the beam rotation using a motor
stator .

At our cyclotron for high intensity irradiations (used
mainly in applied fields) the beam rotation method was chosen
and installed because of the simplicity.

In accordance with the basic operation principle the beam
spot on the target of the charged particle beam, coming from
the MGC-20E compact cyclotron, is translated along a circle due
to the spinning dipole magnetic field. The magnetic field s
produced by a three-phase electric motor stator mounted on the
beam lines at 2-3 meters from the targets.

For the beam spinning magnets a special power supply has
been built.

It has two operation modes:

- circular with variable radius,

- a pulsing spiral with variable maximum diameter, where the
ramp time is changing in accordance a special function to

get uniform thermal loading of the target.

For the necessary syncronisation to the macro-pulsing system of
the cyclotron the power supply has two controll modes:

- own independent time base with independent regulation,

- syncronised direct control from the cyclotron.

It is easy to see that an inhomogen rotating dipole magnetic
field can focus the beam. Such an unnecessary effect has to be
avoided therefore the magnetic field of the used motor stator
(typ. KMERa 100 L 2/1, VEB Elektromotorenwerke Thurm/GDR) was
measured in detail. For the magnetic field measurements static
condition was performed by DC power supplies. Small volume,
sensitive Hall-probe (Lake Shore Cryotronics, USA) have been
used for mapping. The typical distribution of the magnetic
field in the middle plane perpendicular to the axis of the
stator is presented in the Fig.l. As it is shown the magnetic
field is dipole and uniform in the interested central region.

Our experiences with high intensity beams show that the beam
rotator could be used effectively. The effect of the rotator in
circular mode is illustrated in Fig.?2.
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Fig.l. The Hall-voltages of the probe (Ux, Uy in relative units)
in the middle plane perpendicular to the axis (z) of the
stator

Fig.2. Thermographic pictures of the rotated beam



SECONDARY TARGET EXCITATION SOURCE FOR X-RAY FLUORESCENCE
ANALYSIS USING ANNULAR 2t*1Am 1SOTOPE

G. Kalinka

Despite the popularity of X-ray tubes for X-ray fluo-
rescence analysis as flexible, intense excitation sources,
radioisotopes are still being in use due to their compactness
and relatively low prices. Considering, however, the half-lives
of the most frequently used isotopes (65Fe: 2.7 y; 109Cd: 1.27
y; 1251: 60 d; 2<+HlAm: 433 y; 57Co: 270 d) the i1dea of low price
turns to be an illusion - except for 2r*1Am.

The applicability of 2r*1Am as direct exciter 1is however,
strongly limited (mainly to lighter rare earth elements) be-
cause of the intense backgrounds in the 0-15 keV and 45-60 keV
regions due to 60 keV y Compton scattering in detector (espe-
cially in low atomic number Si detector) and specimen respec-
tively.

A better solution is to use 2iMAm in secondary target
arrangement [1-5], transforming it into a "tunable™ excitation
source, but at a sacrifice of significant i1ntensity reduction

[6].

Fig.l. Sketch of the second- Fig. 2. Comparison of exci-
ary target excitation arrange- tation efficiencies of 0.925
ment . GBg 1°9Cd and 37 GBqgq 2<tlAm/Sn

target by excitation of thick
pure elements and detection
with 50 mm2/4 mm Si(Li) de-
tector .
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The assembly designed in our laboratory (Fig.-l1.) exhibits

the following features:

the secondary spectrum “quality”™ (regarding higher energy
y-scatter and fluorescent contamination from assembly
materials) compares to that of 109Cd

the secondary to primary intensity ratio iIs about 1: 100,
at maximum spectral purity, using medium atomic number
pure element (Mo-Dy) secondary targets (Fig.2.)

from the point of view of radiation safety the y-ray at-
tenuation of the_whole assembly in side and downward di-
rections are ~10-20, 10 5, 10 , 10_1 for £ 100, 200, 300,
700 keV photon energies_respectively, which means a total
photon emission of * 10 “ s 1 in the 200-800 keV region
due to high energy y-rays from 2i+lAm [7], assuming
3.7x101° Bq(l Ci) source activity.
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PREPARATION OF THE ASTATOACETIC ACID AND DETERMINATION OF ITS
DISSOCIATION CONSTANT

Z Szlcs, Yu Vv Norseevl, D. D. C{'Jong , L 2Vaséros
1., Joint Institute for Nuclear Research, Dubna, USSR
2., Central Institute of Physical Research, Budapest, Hungary

Astatine has only short-lived radioactive isotopes. The
astatine isotopes, with sufficiently long half-lives for
chemical experiments, can be produced only by cyclotron. For
this reason our knowledge about the chemical behaviour and
the physical properties of this very rare element and its
compounds is limited.

The preparation of astatoacetic acid could be performed by
the following exchange reaction:

ICHGOOH + ALY - AAGHCOOH + 1~
The dissociation constant LK), one of the most important
data of acids, can be determined by the radioactivity of the
dissociated and undissociated acids distributed between an
organic and aqueous phase at different pH values. The
distribution coefficient @D | can be described by the
following equation:

K
/D - 1/ + 1/D ——
° ° [H+]

where D0 is the distribution constant of the undissociated
acid. From the plot of I/D versus 1/'[H+] the Ka1 value can be
calculated.
20/\_211At isotopes were produced by bombarding metal
thorium with 660 MV protons in the syncrocyclotron of the
JINR in Dubna CUSSR}. Astatine was separated from other
spallation products by thermochromatographic method 111.

The astatine was destillated into 5x10 moldm solution of
Na"sO™ at pH«12. To this solution containing At equal volume
of aqueous solution of 1 rnoldm_ iodoacetic acid was added,

and the reaction mixture was heated at 333 K for 20 min.

After synthesis the solution was purified from the At and |1



ions by ion exchange chromatography (column: OONEX  1X8,
eluent: 0.1 r‘nolok’n_a NaNON. Yield of the synthesis was higher
than 99OC The eluat of the astatoacetic acid was shaken with
equal volume of diethyl ether in a sealed pot for 15 min.
After separation of the phases their activity and the pH of
the anorganic phase were measured. The extraction step and
the measurements were repeated several times at different pH
varied by addition of 1x10 #moldm 3 I—ICIO4 or NeOH solution to
the aqueous phase. The method described above was checked by
determination of the pK value of the corresponding
[lallJiodo compound in the same way. The results of the pKa
measurement of the astatoacetic acid and the [13llliodo
analogue are compiled in the table together with the
literature values:

Table: pKGvaIues of halogeno-acetic acids

HALOGENO-

ACETIC. ACID REF. 12, 31 REF. 141 THIS WIRK
A_LUORO 2.59
Ao 2. 86
BROMD 2. 90

10DO 3. 18 3. 17+0. 06

ASTATO 3.77 3. 63+0. 04

As it can be seen from the data, our results are comparable

with the literature values.
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IBM PC based data acquisition system for electron spectrometers

I. Cserny, J. Végh

The rapidly evolving IBM PC computers provide low cost “host computers” for computer-based
data acquisition systems. A simple solution to the problem of recording data measured by (single-
channel) electron spectrometers is presented here, which has been installed for a KRATOS ES-300
XPS/UPS apparatus.

The spectrometer is controlled by an IBM PC/XT/AT compatible add-on interface board, which
contains a 16-bit digital output register, one 16-bit counter and a timer. The spectrometer voltage
is controlled by a 16-bit digital-toanalog converter, which is located outside of the computer, and
is driven through opto-couplers in order to eliminate electrical noise problems. The counter input,

which accepts the detector pulses, is also isolated using a pulse transformer.

The data acquisition software was written in Turbo Pascal language with few bytes of machine
coding. In order to economize memory usage, the software is divided into two components: the data

acquisition module and the user interface program.

Data acquisition and recording is performed by a memory resident program, which can communicate
with any other (even user-written) software through the MS-DOS multiplex process interrupt (INT
$2F) calls. This program runs entirely on interrupt level thus leaving the CPU free for other tasks.
This gives the user the freedom to run any other application program, without affecting the data

acquisition in progress.

All data acquired in one experiment are stored in a single ASCII file. The file format conforms to the
standard data format suggested by the VAMAS community [1,2] for surface analytical techniques.

The user interface part (which allows setting up various parameters, controlling the measurement,
and real-time displaying of incoming data) is a transient program, which may be removed from the
memory, if the user has other tasks to do (word processing, program development, data evaluation,
etc.). Several energy regions in various sequence can be measured. The program presets default

parameter values and retains the last recently used ones.

This software piece can be used either independently or as a part of the evaluation and measurement
control program EWA developed by one of the authors (JV). In the latter mode the acquired data

can also be accessed from the evaluation program for on-line evaluation.
[1] W. A. Dench, L. B. Hazell, M. P. Seah, Surface and Interface Analysis, 13, (1988) 63

[2] "VAMAS Surface Chemical Analysis Standard Data Transfer Format with Skeleton Decoding
Programs”, National Physical Laboratory Report, DMA(A) 164, July 1988
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W. Domcke, Inst, fur Physikalische und Theor. Chem. der TU
Minich, FRG

March 16

A new effect In the internal conversion and the structure of
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Kiyoshi Kato, Sapporo, Japan

June 8

Analysis with i1on beams
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Development of accelerators
A. Valek
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Application of accelerated beam for trace elements analysis
Nagoya University
T. Katoh, Nagoya University, Nagoya, Japan
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Semi-microscopic three alpha and four alpha cluster modells
for 12C and 160

Kiyoshi Kato, Sapporo, Japan

June 22

Physical problems of ball lightnings

Gy. Egely, Central Research Institute of Physics (KFKI),
Budapest, Hungary

June 29
Long-term plans for instrumental development in the ATOMEI
J. Gaal, Z. Korméany, Gy. Szab6, L. Zolnai

July 31 *x

Dynamic target-screening two active electron Classical
Trajectory Monte Carlo calculations for ti+ + He collisions
V. J. Montemayor, HMI, Berlin



September 7

The limits of the i1ndependent electron approximation iIn ion-
atom collisions

L. Végh

September 14

The i1nfrastructure of iInformation iIn Hungary

L. Csaba, Research Institute of the Computational Sciences of
the Hung. Acad, of Sei. (SZTAKl), Budapest, Hungary

September 21

The many-body problem at the University of Georgia

M. G. Menendez, Univ. of Georgia, USA

September 28

Angle resolved electron spectroscopy of the projectile-
centered forward peak iIn fast, heavy i1on-atom collisions
S. Elston, Oak Ridge Nat. Phys. Lab., Oak Ridge, USA

During September, Tfour lectures at KLTE **

Fast i1on-atom collisions and three-body Coulomb problem;

M. G. Menendez, Dept, of Phys. and Astronomy, Univ. of
Georgia, USA; (see the printed material on these lectures 1in
the ATOMKI Report 1989/5-R))

October 11 *x

Production of short lived radioisotopes and
radiopharmaceuticals at a Babycyclotron in Julich
B. Nebeling, KFA, Julich , BRD

October 12

Direct thermic exploitation of solar energy

S. Keresztes, Research Institute of Electric Industry (VEIKI),
Budapest, Hungary

October 13 *x
Study of the molecular gas dynamics and its application for
molecular pump

Pang Shijin, Beijing Laboratory of Vacuum Physics, Chinese
Acad, of Sei., China
October 19

The measurement of electron-electron scattering in the p-He
capture processes
J. Palinkas

October 26

An atomic interferometer

H. C. Bryant, Dept, of Phys. and Astr., Univ. of New Mexico,
Albuquerque, USA

November 1 *

Heavy i1on physics

W. Greiner, Dept, of Theor. Phys., Univ, of J. W. Goethe,
Frankfurt/m, FRG
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November 9
The greenhouse effect
A. Kovacs

November 16
The structure of nucleus 106In
J. Gulyas

November 23

Determination of the wave function by complex scaling

A. Csoto

November 30

The effect of the rotation on the structure of nuclear states
K. F. Pal

November 30 *x

Intercomparison of data of multielemental analysis of human
organs obtained by different analytical methods and from
different countries

Junko Matsubara, Department of Epidemiology, School of
Medicine, University of Tokyo, Tokyo, Japan

December 6 *

Studying the chemical reactions going on in the solid-liquid
interfaces by the help of radioactive i1sotopes

J. Kbénya, Institute of Isotopes, Univ. of of Kossuth Lajos
(KLTE), Debrecen

December 12
Review of long-term plans of the ATOMKI: further tasks
D. Berényi, E. Koltay

December 18 *x
Research project for trace element analysis in Nagoya
S. Amemiya, Nagoya University, Nagoya, Japan

December 20

Instrumental developments for the study of prompt nuclear
reactions iInduced by fast neutrons

T. Sztaricskai, Dept, of Exper. Phys., Univ. of Kossuth Lajos
(KLTE), Debrecen

Comments:

1. unmarked: hebdomadal seminars

2. * denotes: seminars at the Szalay Physical Centre of
Debrecen (which consists of Kossuth Univ.,
Medical School, ATOMKI)

3. ** denotes: seminars at the divisions and sections 1n
the ATOMKI
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