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Preface

Since the 94 contibutions to this Annual Report and their distribution among the
research topics properly represent our results in 1993, an introduction by the director
can only serve two purposes: (i) emphasize (or advertize) some of the results, (ii) report
on developments not obvious from the research reports.

It is not easy, however, to single out any results and say: these are the most
significant ones. The main branch of our research is nuclear and atomic physics, but
the topics range from general physics to the development of instruments, it includes
environmental research and touches upon biology and medicine. In such a broad range
the highlighting of anything is questionable and may be futile. Therefore, | leave it to
the reader to find the reports of their interest, or judge the results. General information
about the Institute can be found in the first section; it gives some insight into the
organisation, personnel and finance of the Institute.

A few important developments took place in 1993, however, which affected the
whole institute, and may not be evident from the research reports. Here | will give a
short summary of these.

The lack of a computer network and a central computer was a serious problem
for the institute. A grant from FEFA (Fund for the Development of Higher Educa-
tion) made possible the installation of a state-of-the-art computer network. At the
same time, we obtained a grant from IIF (Fund for Information Infrastucture Devel-
opment) for a central computer, and we acquired a four-processor Silicon Graphics
Challenge-L machine, which will serve as a central computer for the Institute and
for the physics departments of Kossuth University.

W ith the physics departments of Kossuth University we worked out the program
of a new type of PhD training in physics. The PhD program has been approved
by the Hungarian Accreditation Committee, and from October, 1993 fifteen students
started their studies in this new framework.

In 1993 we acquired several important new instruments. The first apparatus to
mention is a GE 4096 plus positron emission tomograph (PET). Its procurement was
made possible by funds from the Nat. Fund for Sci. Res. (OTKA), from the Nat. Com-
mettee for Technological Development (OMFB) and from the Soros Foundation. The
machine is operated by the Debrecen PET Centre of the University Medical School of
Debrecen, but it is located on the premisses of the Institute, and we provide part of
the radiochemistry background. The installation of a split-pole magnetic spectrograph
presented to us by the Vrije Universiteit, Amsterdam, started some new nuclear reac-
tion studies here. Our Electron Cyclotron Resonance ion source (ECR) project has also
been funded by OTKA, and a newly formed group started work on its development.
OTKA has also funded the acquisition of a microbeam system for particle induced
X-ray emission studies.

These new apparatuses start to work in 1994 and we all look forward to seeing the
first results.

Debrecen, March 9, 1994

Dr.J6zsef Palinkas
Director



The organisation structure of the

Institute of Nuclear Research
of the Hungarian Academy of Sciences

DIVISION of NUCLEAR PHYSICS - Dr. T. Fényes
SECTION of NUCLEAR SPECTROSCOPY - Dr. T. Fényes
SECTION of NUCLEAR PHYSICS - Dr. A.Z. Kiss
SECTION of THEORETICAL PHYSICS - Dr. T. Vertse

DIVISION of ATOMIC PHYSICS - Dr. D. Hereényi
SECTION of ATOMIC PHYSICS - Dr. L. Sarkadi
SECTION of ELECTRON SPECTROSCOPY AND
MATERIALS SCIENCE - Dr. D. Varga

DIVISION of APPLIED PHYSICS - Dr. I. Mahunka

DIVISION of ENVIRONMENTAL AND
GEO SCIENCES mDr. K. Balogh

CYCLOTRON DEPARTMENT - Dr. A. Valek
DEPARTMENT of ELECTRONICS - Dr. J. Gal

MECHANICAL WORKSHOP - 1 Gal



Personnel

The Institute at present employs a total of 240 persons. The affiliation of
personnel to units of organisation and the composition of personnel are given
below.

Accounting (4.0%)
Basic Services and Maintenance (16.0%)
Div. of Nuclear Physics (16.0%)

Secretariat and Info Services (8.0%)
Div. of Atomic Physics (9.0%)

Mechanical Workshop (9.0%)

Div. of Applied Physics (12.0%)
Department of Electronics (9.0%)

Cyclotron Department (5.0%) Div. of Environmental and Geo Sciences (12.0%)

Affiliation of Personnel to Units of Organisation

Research Professors (2.3%)
Senior Research Associates (13.2%)

General Service Personnel (26.1%)

y/— Research Associates (16.7%)

Administrators (5.4%)

-Postdoctoral Fellows (0.4%)
Research Assistants & PhD Students (3.5%)

Engineers (8.2%)
Technicians and Laboratory Assistants (24.1%)

Composition of Personnel



Finance

The total budget of the Institute in 1993 was 152 Million Hungarian Forints.
The composition of the budget and the breakdown of expenditure according to
different categories are given below.

Composition of the Institute’s Budget

MTA: Hungarian Academy of Sciences
O TK A National Fund for Scientific Research
OMFB: National Committee for Technological Development

Breakdown of Expenditure
into Personnel and Non-Personnel Expenditures
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On solvable potentials associated with
su(1l,1) algebras

G. Lévai

Group theoretical methods represent an invaluable tool of analyzing physical
systems that admit some kind of symmetry. In many cases physical operators can
be expressed in terms of group generators, which satisfy the commutation relations
ofan algebra. Depending on the nature of the actual physical problem, the elements
of such algebras are realized in terms of matrices, creation/annihilation operators,
differential operators, etc.

Motivated by the potential group method [1] and supersymmetric quantum
mechanics [2], which apply different symmetry concepts to solve essentially the
same series of one-dimensional quantum mechanical potential problems, we have
considered the realization of the su(l,l) algebra in terms of linear differential
operators

Jt =exp +th(x)" £ g(x) +f(x)Jz+ c(x)j ,

JzZ — 16X‘

which act on basis states of the form

jm) = e Tpm]T(x).

The operators J+, J_ and Jz form an su(l,l) algebra if the functions h(x), f(x)
and c(x) satisfy two simple differential equations.

The Casimir operator of the su(l,l) algebra realized in this way takes the
form of a second-order differential operator, and this result can be used, for ex-
ample, to derive the Schrodinger equation for some potentials. In this case the
solutions of the Schrddinger equation are assigned to the states |jm), which form
a basis for the irreducible representations of su(l, 1), and are connected by the lad-
der operators J+ and J_. The range of similar su(l, 1) algebras can be extended
by performing variable and similarity transformations of the operators and basis
states. These transformations do not necessarily leave the commutation relations
intact, but when they do, we arrive at new second-order differential operators au-
tomatically associated with su(l, 1) algebras. In particular, these techniques can
be employed to formulate in group theoretical terms the procedure, which trans-
forms the second-order differential equation equation of some special function into
the Schrodinger equation with some potential. Since we have studied such transfor-
mations previously [3] to derive shape-invariant potentials [4] from the differential

equation of orthogonal polynomials (such as the P*a”\y) Jacobi, L \y) gener-

alized Laguerre and Hn(y) Hermite polynomials), this procedure offers a natural
way of exploring su(l, 1) algebraic structures associated with the most well-known



G. Lévai

solvable potentials of non-relativistic quantum mechanics. This method also allows
a unified, systematic treatment of earlier isolated results.

Our study [5] has recovered potential algebras in six cases associated with Pl
and LI class potentials [3], while spectrum generating algebras have been identified
in five cases in relation with the LI and HI classes, and also for the special, common
version of Pl and PH class [3]. (These examples include the Péschl-Teller, Morse,
and harmonic oscillator potentials, for instance.) The present form of the gener-
ators was found to be inappropriate to derive the four shape-invariant potentials
belonging to the LII case (the Coulomb problem), and to the general PII class
[3]. We have studied the relation between the ladder operators of the algebraic

approach («7+, /_) and those of supersymmetric quantum mechanics (A", A) [2],
and we have found, that they are essentially the same when J+ and J_ are the
members of a potential algebra.

In certain cases we have obtained the compact su(2) ~ so(3) algebra rather
than the non—ompact su(l, 1) ~ so(2,1). The series of states linked by the J+ and
J- ladder operators is finite in this case, which result has a straightforward group
theoretical interpretation. An example for this was one of the Pl class potentials,
where, up to a similarity transformation, the compact potential algebra and the
wavefunctions could be recognized as the angular momentum algebra and the
spherical harmonics, respectively. This example shows that although most of the
algebraic structures found in this study had been known previously, the present
procedure offers a novel approach to some of them.

We have discussed the connection of the su(l, 1) (and su(2)) algebras to other
algebraic structures identified earlier in relation with these potentials. We have
also pointed out the possibility of generalizing the present procedure in several
directions, such as considering other realizations of the su(l,l) algebra, other
algebraic structures and larger classes of potentials. Our results concerning shape-
invariant potentials may be helpful in identifying new su(1, 1) algebras associated
with the less well-known class of non-shape-invariant potentials.

References

1. see J. Wu, Y. Alhassid and F. Giirsey: Ann. Phys. (N. Y.) 196 (1989) 163, and
references therein.
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Genetic algorithm with local optimization

K. F. Pal

Genetic algorithms are optimization methods inspired by natural evolution.
They work on a population of possible solutions of the problem in hand. They
create new solutions from bits and pieces of the existing members of the popula-
tion and select the best individuals for further manipulations. This way they can
“breed” better and better solutions.

We tested a hybrid algorithm on a massively multimodal spin lattice problem
[1]. 1t had been shown earlier that the same method gives excellent results for the
traveling salesman problem [2,3]. In the algorithm the creation of a new individual
involves an operation that unites properties of pairs of individuals (“crossover”)
and a local optimization. This way only locally optimum solutions compete. The
test problem was to find the energy minimum of a set of 450 spins scattered
randomly on a 20 by 30 two dimensional lattice. Only spins occupying neighbouring
lattice sites interact with each other, the interaction is ferromagnetic between
horizontal and vertical neighbours and antiferromagnetic between the diagonal
ones. The vacancy sites are kept fixed. A property of such a system is that in
any region of the lattice there can be more very different and equally good spin
combinations, and only the structure of the whole lattice decides which one belongs
to the global optimum. Therefore, global optimum can only be achieved with high
probability if the selection scheme of the algorithm is able to keep as many good
spin combinations in the population as possible, that is to maintain a high degree
of genetic diversity.

We introduced a scheme that maintains diversity by separating the members
of the population spatially. The individuals are arranged in an array and crossover
is only allowed between neighbours. The new individual, the “offspring” replaces
the nearest member of the population to its parents that is not better than the
offspring. This prescription makes possible for the distant parts of the population
to evolve more or less independently.

The quality of the results depends on the crossover operation used. The perfor-
mance of the algorithm with single-point crossover, which breaks the strings coding
the parent solutions at a randomly chosen position and swaps the substrings that
follow the break point is very sensitive to the way the units corresponding to the
individual spins are ordered in the strings. Surprisingly, it is relatively poor with
the most natural row-by-row ordering (order a), even random ordering (order b)
works better. This is demonstrated in the figure that shows the average of the best
energies found as a function of the number of crossovers from 150 calculations with
each crossover method. The best results with single-point crossover were achieved
unexpectedly using a fairly involved ordering (order c) that unites strongly inter-
locking pieces of the parent lattices. Unfortunately, its construction gives no recipe
how to get a good ordering if we want to use the hybrid scheme to other problems.
We can only conclude that it may be difficult to find one. The unexpected way
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of the ordering-dependence is caused by some interplay between the crossover and
the local optimization.

Uniform crossover — taking each bit from either of the parent strings with
equal probability — is ordering-invariant and works reasonably well, but the con-
vergence slows down too much in the final stage of the search. We constructed
another ordering-invariant crossover that is able to preserve good spin combina-
tions created by the local optimization. This triadic crossover involves a third
individual besides the parents. It gave extremely good results, probably global op-
timum was achieved in 96% of our calculations. We expect this crossover to work
well in the hybrid algorithm for other problems as well whose locally optimum
solutions tend to have common features.

The results indicate that the hybrid scheme is very suitable if one wants to find
global or very nearly global optima of difficult, massively multimodal problems. If
a local optimization is available, it can be unified in a straightforward way with
the genetic search. The main limitation of its usefulness is that if there is no
fast enough local optimization method for the particular problem, computation
time may be prohibitively long. However, as computers are getting faster, this
limitation becomes less and less serious. Evolutionary optimization methods will
become especially competitive in the age of parallel computation.

Crossovers
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Stopping powers of CR-39 Nuclear Track
Detector Material

/
Zs. Fulop, A.Z. Kiss, E. Somorjai, |. Hunyadi,

E. Rauliala *and J. Raisanen *

‘Accelerator Laboratory, Department of Physics, University of Helsinki,
FIN--00014 Helsinki, Finland

This year we continued and finished our cooperation project with the Accel-
erator Laboratory of the Helsinki University to measure the stopping powers of
CR-39 nuclear track detector material for protons and helium ions in Debrecen
and for 7Li, n B, 12C, 14N, 160, 23Na, 2'Al and 28Si ions in Helsinki.

The measurements were performed in the transmission geometry as in our ear-
lier work [1]. The ion stopping powers obtained are compared to the predictions of
two recent semiempirical models. The predictions are found to clearly underesti-
mate the observed stopping powers for 'Li, 11B, 12C, 23Na, 2/7Al and 28Si ions [2].

Fig. 1. Stopping powers of CR-39 for 1H and 4He ions. The curves represent the stopping
powers as predicted by TRIM-92 code.

References
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Nucl. Tracks and Rad. Meas. 20 (1992) 611.
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Thick target yields of deuteron induced
gamma—ray emission from light elements

AZ. Kiss, I. Biron * T. Calligaro *and J. Salomon *

*Laboratoire de Recherche des Musées de France, Palais du Louvre, 75041
Paris Cedex 01, France

Deuteron induced 7-ray emission (DIGME) is known to be a very suitable
method for the determination of C, N and O since the early work of Sparks et al.
[1] and sensitive also for B, Na, Mg, Al and Si [2]. Nevertheless few results have
been published on its analytical applications up to now, probably because of the
associated neutron hazard and the risk to cause detector damage by the neutrons.

To provide basic data for the application of DIGME in different fields like geol-
ogy, mineralogy, materials sciences, environmental and life sciences and primarily
for the analysis of works of art and artefacts in archaeology, a systematic investi-
gation of deuteron induced 7-ray emission from thick samples has been performed.
Absolute prompt 7-ray yields were measured on thick samples with elements of Z
between 3 and 19 (except Be, Ne, P and Ar) in an incident deuteron energy range
of 0.7-3.4 MeV at the AGLAE accelerator facility (LRMF, Paris).

The first results including experience gained on backing materials (Fe, Ni, Cu,
Ta, etc.), neutron background, activation of the reaction chamber and a direct
comparison with 7-yields from PIGME were presented on the IBA-11 Conference
(Balatonfiired, Hungary, 1993) [3]. The further evaluation of the experimental data
is under course.

In this report 7-spectra of carbon and nitrogen (in the form of TaN) bom-
barded by 1.8 MeV deuterons are shown in Fig. 1., where the 7-rays were detected
with an n-type HPGe detector (37 % of efficiency and 2.1 keV of energy resolution
at 1.33 MeV). In Fig. 2. absolute thick target 7-yield curves for some 7-energies of
carbon and nitrogen are presented for the first time as a function of deuteron en-
ergy. The 3089 keV and 7301 keV energy 7-lines are the most intense ones emerging
during deuteron bombardment from carbon and nitrogen, respectively. The less
intense 3854 and 5270 keV 7-lines are narrow, showing no Doppler-broadening,
thus in the case of high background from other constituents of the sample can
help the identification of carbon and nitrogen.

References’
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Fig.1l. 7-spectra obtained from tlie bombardment of carbon (a) and nitrogen (b) with
1.8 MeV deuterons. The numbers in the figure denote 7-ray energies in keV. The notation
e.g.: 12C p(l1,0) means 12C(d,p7i_o0 )13C. (The 870.8 keV energy 7-line is from oxigén

contamination.)

Fig. 2. Absolute thick-target 7-yield curves for carbon and nitrogen as a function of
deuteron energy.



Lifetime measurements in 32P and 32S

Zs. Fulop, A.Z. Kiss, E. Somorjai,

J. Keinonen * P. Tikkanen *

*Accelerator Laboratory, Department of Physics, University of Helsinki,
FIN-00014 Helsinki, Finland

This year the systematic study of the sd-shell nuclei were continued in the
framework of a cooperation project between the Van de Graaff Accelerator Lab-
oratories of the Helsinki University and ATOMKI. The goal of the studies were
two nuclei: 32P and 32S which are in the vicinity of the 28Si studied earlier [1].
The A = 32 nuclei provide a test for the importance of excitations of the 28Si core,
which have been shown to dominate the positive parity levels [2]. Although sev-
eral studies for both nuclei were already performed previously, the still missing, or
poorly determined branching ratio, mean lifetime, etc. values [3] necessitate a more
precise reinvestigation. The aim of this study is to clear the apparent discrepancy
in the reported lifetime values, and to be able to test shell modell calculations
based on large-basis multi-shell wave functions.

For the lifetime measurements our improved Doppler shift attenuation (DSA)
method was applied which means the use of implanted targets and both heavy
ion and radiative capture reactions (high and low recoil velocities, two different
kind of slowing-down processes) in the experiments, the computer simulation of
7-ray line shapes with the Monte Carlo method and the inclusion of experimental
stopping power values in the DSA analysis.

The D(31P, p):i2P and D (31P,n)32S reactions above 24MeV bombarding en-
ergy produced a reasonably high 7-yield from both final nuclei simultaneously.
Implanted deuteron targets in gold and also in silicon sheets were used in order
to get more accurate values for the short and also for the longer (>400/s) life-
times as it was introduced in the previous 28Si measurements [1]. The evaluation
of the experimental data from the heavy ion reaction and the preparation for the
31P(p, 7)32S reaction study is under way. Unfortunately there is no proton or alpha
capture reaction available for producing the 32P nucleus.

As an example of the difference caused by the use of substrates having either
fast or slow stopping properties the figure shows portions of 7-ray spectra measured
at 0° to the beam direction at 29MeV bombarding energy using gold (dotted line)
and silicon (solid line) sheets as stopping material.



Zs. Filop, A.Z. Kiss, E. Somorjai, J. Keinonen, P. Tikkanen
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Channel number

Fig.l. Portions of 7-ray spectra recorded in the DSA measurement of the 1.15 MeV 32P
state (r ~ 230 fs, 1.15 —0.51 MeV transition) in the case of gold (dotted line) and silicon
(solid line) as stopping material. The narrow 517.08 keV 7-line showing no Doppler-
broadening is from a radioactive source for comparison.



Consistent description of the structure of
64Zn, 65Zn,65Ga and 66Ga nuclei

J. Timar, T. Fényes, Zs. Dombradi, S. Brant+, V. Paar+ and
Lj. Simicic+

+ Department of Physics, Faculty of Science, University of Zagreb, 41000
Zagreb, Croatia

In an earlier work we proposed a new level scheme of 66Ga from (p,ny) re-
action [1]. In the present work the energy spectra, magnetic dipole and electric
qguadrupole mements, reduced B(M1), B(E2) transition probabilities, and gamma-
ray branching ratios have been calculated for 64Zn, 66Zn, 65Ga, and 66G a nuclei
in the framework of interacting boson(- fermion-fermion) model [IB(FF)M]. Using
a consistent parametrization for all four nuclei, with about 20 fitted parameters
hundreds of nuclear data could be described reasonably.

The experimental and theoretical IBM, IBFM, and IBFFM energy spectra are
compared in Fig. 1.

This work was supported partly by the National Scientific Research Founda-
tion (OTKA).
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The level scheme of 70As nucleus

Zs. Podolyak and T. Fényes

In the last two years we have studied the 7-, 77-coincidence, internal conver-
sion electron and 7-ray angular distribution spectra of the 70Ge(p,n7)7As reaction
[1]. On the basis of experimental results now we propose a new level scheme of
70As, which contains 61 new 7-ray transitions and 16 new levels. The level spin
and parity values have been determined from the decay properties of states, mea-
sured 29 internal conversion coefficients, Hauser-Feshbach analysis, 7-ray angular
distribution results and other available data.

Fig. 1shows the low-energy part of the level scheme. The results of the Hauser-
Feshbach analysis are presented in Fig. 2

This work was supported by the OTKA foundation.
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Flg. 1. Low-energy part of the proposed level scheme of 70As. Behind the 7-ray energies
and multipolarities 7-branching ratios (and their errors) are given. D and Q mean dipole
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coincidence relations.

12



2 Zs. Podolyak and T. Fényes

Fig. 2. Experimental relative cross sections (<h1ev) of the 70Ge(p,n7)70As reaction (dots
with error bars) as a function of the As level energy (Elev)* The curves show Hauser-
Feshbach theoretical results. Encircled N means normalization point.
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Excited states of 72As from (p,n7) reaction

D. Sohler and T. Fényes

Based on our earlier experimental results [1] we propose a new level scheme of
72As. The level scheme has been constructed mainly on the basis of 77-coincidence
measurements, on the energy and intensity balance of transitions and on the avail-
able 7-ray excitation function results. The level spins and parities have been deter-
mined from the decay properties of states, measured internal conversion coefficients
and Hauser-Feshbach analysis. The available 7-ray angular distribution data have
been also taken into account. The level scheme contains 57 new 7-transitions. Fig.
1 shows the low-energy part of the proposed level scheme of 72As. The results of
the Hauser-Feshbach analysis are presented in Fig. 2.
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Fig. 1. Low-energy part of the proposed level scheme of 72As. Solid circles at the ends of
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relative 7-branching ratios (and their errors) are given.
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Fig. 2. Experimental relative cross sections (<71£v) of the 7Qe(p,n7)72As reaction (dots
with error bars) as a function of the 72As level energy (Elev)- The curves show Hauser-
Feshbach theoretical results. Encircled N means normalization point. The results obtained
at different bombarding proton energies are shown separately.

This work was supported by the OTKA Foundation.
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The level scheme of 74As from (p,n7)
reaction

A. Algora and T. Fényes

In a former work we measured the 7-ray, internal conversion electron and 77-
coincidence spectra of the 74Ge(p,n7)74As reaction [1]. In the present work we
have constructed the level scheme of 74As. The spins and parities of 74As states
have been determined on the basis of Hauser-Feshbach analysis, internal conversion
coefficients, decay properties and available 7-ray angular distribution data. The
proposed new level scheme contains more than one hundred new 7-ray transitions
and 52 levels, from which 18 are new.

The low-energy part of the level scheme and the results of the Hauser-Feshbach
analysis are shown in Figs. 1 and 2.

Fig.1l. Low-energy part of the proposed level scheme of 74As. Solid circles at the ends
of arrows indicate 77-coincidence relations. D means dipole transition. Behind the 7-ray
energies and multipolarities 7-branching ratios (and their errors) are given.

The support of OTKA Foundation is acknowledged.
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Fig. 2. Experimental relative cross sections (ctiev) of the 74Ge(p,n7)74As reaction (dots
with error bars) as a function of the 74As level energy (Elev)- The curves show Hauser-
Feshbach theoretical results. Encircled N means normalization point. The results obtained
at different bombarding proton energies are shown separately.

1. A. Algora, D. Sohler and Z. Gécsi, ATOMKI Ann. Rep. 1992, p. 20
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Study of 73As from (p,n7) reaction

D. Sohler and Zs. Podolyak

Gamma-ray and internal conversion electron spectra of 73Ge(p,n7)73As reac-
tion ( Fig. 1) were measured with Ge(HP) and superconducting magnetic lens plus
Si(Li) spectrometers at 3.3-4.0 MeV bombarding energies. The Debrecen 104-cm
isochronous cyclotron and isotopically enriched targets were used in the exper-
iments. Detailed spectroscopic study in order to obtain a more complete level
scheme (compared with the former ones [1]) is in progress.

Fig. 1. Typical 7-ray and internal conversion electron spectra from the 73Ge(p,n7)73As
reaction.
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Supersymmetry calculations on
74Se, 75Se, 73As and 74As

A. Algora, T. Fényes, Zs. Dombréadi

As a continuation of our earlier studies on the structure of 74As [1,2], we tested
the possible description of the 7ZAs levels by means of the supersymmetry scheme
Un(6)xuUn(12)xUn(6)xU~(12) using the U(5) limit for the bosonic core .

The basic idea of this approximation is to determine the boson-boson and
boson-fermion interactions from the neighbouring even-even and odd-mass nuclei,
and then on the basis of supersymmetry relations predict the energy spectrum of
the odd-odd nucleus. The energy spectra of the four neighbouring nuclei (even-
even, even-odd, odd-even, odd-odd) are interrelated by the Al number (sum of
the boson and fermion numbers), and are described by the same hamiltonian.
The main advantage of this symmetry based approximation is that the eigenvalue
problem can be solved analitically.

According to Van lIsacker and Jolié [3] the eigenvalues of the hamiltonian are
given by the following formula

E=AWYIiNi(Ni+ 7—=2i)+ AvYi Ni,(Niv+ 7—2i) + A,, Yi Nin(Nin+ 7—2r)+
B\ Y/ini+ Bz2Yini(ni+ 6—2r) + C\vi(ui + 3) + Valy2+ 1)]+ DL(L + 1)+

ES(S+ 1+ FJ(J + 1) MeV,
where A), Niu, N n*, ig, V2, L,S,J are quantum numbers and A VIX Au, A>K
B\, B2, C,D,E,F parameters, which are not determined by the symmetry.

The parameters were fitted firstly to the experimental levels of the 74Se,
75Se, 73As, then the 74As spectrum was generated using the obtained parame-
ters (Awk+An = 26, Avn+Aw= 55 Bx=500,B2=0,C =4,D = -26, F = 40).
The experimental and the calculated spectra are compared in Fig.l. The quantum
numbers were assigned to the states of 74As tentatively on the basis of energies,
spins and parities.
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2 A. Algora, T. Fényes, Zs. Dombradi

Fig. 1 Comparison of the experimental energy spectra of 74Se, 7/5Se, 73As and

7AAs with the calculated ones. The levels are labelled with [N{], [AT-],
(i>i, *2) F,5,J, the irreducible representations of the groups UF,F(6), UFF(6),
U ?F(6), UFF PEf(5), 0f,,F(3), SU®RF(2) and Spin (3).



Astrophysical p—process: 70G e(a,7)74Se
Zs. Fulop, A.Z. Kiss, C.E. Rolfs *,

E. Somorjai, H.P. Trautvetter *

*Institut fur Physik mit lonenstrahlen, Ruhr-Universitdt, Bochum,
Germany

The study of the 70Ge(a, 7)74Se reaction was continued in 1993 in the frame-
work of a Hungarian-German project. The importance and the goal of the inves-
tigation has been already discussed [1].

The neutron and the resulted 7-ray background were reduced by using evap-
orated MGe targets onto thin Au-foils. Measurements with the new transmission
targets have been performed at the cyclotron in Debrecen and the tandem accel-
erator in Bochum within the energy range of49 < Ea < 7.96 MeV. The obtained
7-ray spectra contain only one line belonging to 74Se, namely the 635 keV 1—*0
transition; the primary transitions are strongly fragmented. From the preliminary
analyses the yield of the 635keV 7-line as a function of bombarding energy is
shown in Fig. 1.

The precise analyses of the measured spectra are in progress. New experiments
are planned for obtaining the total 7-ray yield of the reaction.

Fig.l. The preliminary yield curve of the h7 = 645 keV 1—U transition in 74Se. The
solid line is to guide the eye.
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Level scheme of 114Sb from (p,[i7) reaction

Z. Gacsi and Zs. Dombradi

The results we obtained in the study of 114Sb nucleus and reported earlier [1]
have been extended and are briefly summarized below.

Measurement of 7, 77-coincidence, internal conversion electron and 7-ray an-
gular distribution spectra for the 114Sn(p, n7)114Sbh reaction were made at 7.8 and
8.0 MeV bombarding proton energies with Ge 7-ray and superconducting magnetic
lens-plus-Si(Li) electron spectrometers. The energies and relative intensities of 74
114Sb 7 rays, as well as the internal conversion coefficients of 31 114Sb transitions
have been determined and new angular distribution data have been obtained for
30 7 rays. Prom this information, a more complete and consistent level scheme
has been deduced. Spin and parity values have been determined from the internal
conversion coefficients, a Hauser-Feshbach analysis of the (p, n) reaction cross sec-
tions, and the 7-ray angular distributions. The low lying levels were grouped into
proton-neutron multiplets and the energy splitting of these multiplets have been
interpreted in terms of the parabolic rule.

This work has been supported by the National Scientific Research Foundation
(OTKA). '
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Levels in 116Sn from decays of 116Sb isomers

Z. Gacsi

The excited states of 116Sn were studied [1] by means of the decays of the
15.8-min, 3+ 116Sb ground state, and the 60.3-min, 8“ 116Sb isomer. Proton and
a beams of the Debrecen cyclotron were utilized for the production of the 116Sbh
activities. Singles-7 and 77-coincidence spectra were measured. More than 50 7
rays were observed and incorporated into a level scheme consisting of 32 excited
states. A new level is proposed at 3986 keV. Except for this level, the current
study fully supports an exhaustive study of levels in 116Sn reported earlier [2].
The previous study was an attempt to develop a nearly complete level scheme of
116Sn up to an excitation energy of 4.3 MeV.

The reported part of the current study benefited from discussions with S.
Raman. This work has been supported partly by the National Scientific Research
Foundation (OTKA) under Contract N-. T4428.

References

1 Z. Géacsi and S. Raman, Phys. Rev. C, accepted for publication.
[2] S. Raman, T. A. Walkiewicz, S. Kahane, E. T. Jurney, J. Sa, Z. Gécsi, J.L. Welil,
K. Allart, G. Bonsignori, and J. F. Shriner, Jr., Phys. Rev. C 43, 521 (1991).

23



24

Identification and in-beam spectroscopy of
the neutron deficient 108410Te nuclei

Zs. Dombréadi, M. Jozsa, B. M. Nyako, G. E. Perez,

C. Fahlander®, D. Seweryniak®, J. Nyberg“, A. Atac®,

B. CederwalP, A. Johnson6 A. Kerek6 J. Kownacki®
L-0. Norhn6, R. Wyss6, E. Adamidesd, E. Ideguchi6, R. Julink,
S. Juutinen-®, W., Karczmarczyk®, S. Mitraie, M. Piiparinen”,

R. Schubart9, G. Sletten®, S. Tormanen” and A. Virtanen”

“ The Svedberg Laboratory, Uppsala, Sweden, 6 The Royal Institute of
Technology, Physics Dept/Frescati-Stockholm, Sweden, ¢ Institute of
Experimental Physics, Warsaw, Poland, d National Centre for Scientific
Research, Attiki, Grece, e Kyushu University, Fukuoka, Japan, »
University of Jyadskylad, Jyvaskyld, Finland, 9 Hahn-Meitner Institute,
Berlin, Germany, h The Niels Bohr Institute, Copenhagen, Denmark

Neutron deficient nuclei close to the doubly magic 100Sn were investigated
by in-beam gamma spectroscopic methods in an experiment performed at the
Tandem Accelerator Laboratory of the Niels Bohr Institute in RisO, Denmark.
Here we present results for the fight 108Te and 110Te isotopes.

In the experiment a 10 mg/cm2 thick 54Fe target, isotopically enriched to
99.8%, was bombarded with a beam of 270 MeV 58Ni. The emitted 7 rays, neu-
trons, and charged particles were detected in the NORDBALL detector system
[1] , configured with 15 BGO-shielded Ge detectors and an array of 11 liquid scin-
tillator neutron detectors covering about 1M solid angle in the forward direction
[2] . Inside the ball a 47r charged particle detector array of 21 J1E type Si detectors
[3] and a 30-element 7-ray calorimeter of BaF2 crystals covering the backward 2
hemisphere were placed.

A total of 420 million 77-charged particle-neutron coincidence events were col-
lected and off-line sorted into E7—E7 matrices by setting different conditions on
the number of detected protons, a particles and neutrons. This procedure enabled
to select 7 rays belonging to a given final nucleus. In order to reduce the contam-
ination in the channels of interest, caused by 7 rays coming from other nuclei, a
successive matrix subtraction technique was applied. For data reduction standard
gating technique was used on the cleaned matrices. The projected spectra of the
cleaned matrices for 108Te and 110Te are shown in Fig.l. All the 7 rays labelled
by their energy are new, and belong to the given nucleus.
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E/ (keV)

Fig. 1. Total projection spectra of the cleaned matrices for 108Te (a) and UO0Te (b). The
assigned transitions are labelled by their energy.

The level scheme of both nuclei was constructed mainly on the basis of the
coincidence relations, but the energy balance, the intensity balance deduced from
7-ray intensities in the total projection spectrum and in the gated spectra, and
expectation from the systematics were also considered. Spin and parity assignments
were taken from the measured DCO ratios and the systematics of heavier Te nuclei.

In the 108Te nucleus we could identify the first few members of the ground
state vibrational band. In the 110Te nucleus, in addition to this band, we found a
quasi rotational band based on the [2M11/2 9_ configuration, as well as several
side bands.

The experimental results are discussed on the basis of the cranked shell model.

This work was partially supported by the Hungarian Science Foundation
(OTKA) contract No:T007481, and by the Swedish Natural Science Research
Council.
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Spectroscopic study of the
124T e(p,n7)1241 reaction

I. Dankd, J. Gulyas and M. Fayez F. M. Hassan t

APermanent address: Atomic Energy Authority, Nuclear Research Centre,
Cairo, Egypt

Gamma-ray spectra of 1241 from 124Te(p,n7)124l reaction were measured at
Ep= 44,46, 4.9, 5.2 and 6.0 MeV bombarding proton energies [(p,n) reaction Q-
value on 124Te is -3.94 MeV] with Ge(HP) detectors placed at 90° and 125° to the
beam direction. Internal conversion electron spectra (Fig.l) were also measured
at Ep= 6.0 MeV with superconducting magnetic lens plus Si(Li) electron spectro-
meters. The target of 0.3-0.8 mg/cm 2 thickness were prepared by an evaporation
technigque from isotopically enriched (to 90 %) 124Te metal powder.

Detailed spectroscopic study for the determination of quantum-characteristics
of the 1241 levels are in progress.

Fig. 1. Typical 7-ray and internal conversion electron specra.

1. T. Tamura, K. Miyano and S. Ohya, Nucl. Data Sheets 41 (1984) 413.
2. J. Biurde, V. Richter, J. Tsaliah and I. Labaton, Nuci. Phys. A385 (1982) 29.



Study of 1261 from (p,n7) reaction
M. Fayez F. M. Hassan t, J. Gulyas and I. Dankd

tPermanent address: Atomic Energy Authority, Nuclear Research Center,
Cairo, Egypt

As an extension of the spectroscopic study of the odd-odd nuclei in Z~50
region, the 7-ray and internal conversion electron spectra of the 126Te(p,n7)126l
reaction were measured at different proton energies between 3.9 and 6.0 MeV
with Ge(HP) 7-ray and superconducting magnetic transporter plus Si(Li) electron
spectrometers (Fig. 1). The targets were prepared by an evaporation technique
from isotopically enriched (to 98.5 %) 126Te. Internal conversion electron lines
were detected for many lines in the 7-spectra, making it possible to determine
internal conversion coefficients for the observed transitions .

This is the first step in a more detailed spectroscopic study of the 1261 nucleus,
with the aim of getting more complete information on the structure of low-spin
excited states of this nucleus. Previous data on 1261 were summarized in [1,2].2

Fig. 1. Part of typical 7-ray and internal conversion electron spectra.

1. T. Tamura, K. Miyano and S. Ohya, Nucl. Data Sheets 36 (1382) 227.
2. J. Biurde, V. Richter and 1. Labaton, Nuci. Phys. A402 (1983) 205.

27



28

Nuclear and charge quadrupole deformation
parameters of 150Nd

A. Krasznahorkay, M. Csatlos, Z. Maté and A.T. Kruppa

A long-standing question in nuclear physics is whether the collective model
properly describes the relative isoscalar and isovector ground state deformations
of nuclei [1]. The charge-density deformation parameters (R*B".-.) are usually
obtained with high accuracy on basis of the Bohr-Mottelson model which relates
them to the transition probability from the ground state to the rotational level with
angular momentum L. In contrast, the nuclear-density deformation parameters
(/72, /3”..) investigated with strongly interacting probes usually have much larger
uncertainties so that the ratio of the two is badly known, although it would pose
new challenges to models of nuclear structure and reaction mechanisms [2].

In our recent work a novel method was developed in Gronigen to investigate
the neutron skin thickness of spherical nuclei [3]. The method was generalized also
to deformed nuclei allowing the determination of the possible differences in the
deformation for the neutron and proton distributions [4]. The ratio of the nuclear to
charge quadrupole deformation parameters was found to be: {RS/BZ = 0.92 +0.08
for 150Nd [4].

In order to study the ratio of the nuclear and charge quadrupole deformation
parameters of 150Nd in a conventional way, 150N d(a,0’) excitation function and
angular distribution measurements were performed in the energy range where the
Coulomb-nuclear interference takes place. The momentum-analyzed 14 - 20 MeV
o-particle beam provided by the Debrecen 103 cm cyclotron was used for the
experiments. The enriched (95.2 %) Nd2U3targets (« 50 ua/cT2) were prepared
by vacuum evaporation onto thin (20 ua/cT?2) carbon backings. The scattered a-
particles were detected in Si position sensitive detectors placed at the focal plane
of the Debrecen Split - Pole spectrograph. The energy resolution of the whole setup
was typically 20 keV.

The measured excitation function (0Q<= 140°) normalized to the Coulomb
excitation cross-section was compared to the calculated ones in fig.la. The coupled
channel calculations were performed using the measured B(E2,0+ — 2+) and

values as a function of the R%mThe optical model potentials were checked
by comparing the measured and calculated elastic cross sections in fig Ib. The
measured and calculated inelastic and elastic cross sections at E0=17.6 MeV as
a function of the scattering angle can be seen in fig.lc and fig.ld, respectively.
Around 15 MeV and around 80° the effect of the Coulomb-nuclear interference
is clearly seen while at higher bombarding energy and bigger angles the nuclear
excitation dominates, giving data for the R%

As a result of a preliminary analysis, the nuclear deformation parameter was
found to be R% = 0.23 + 0.02 giving a ratio of 8%/RZ — 0.80 £ 0.10 in good
agreement with our previous results.
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Fig. 1. Measured (full dots) and calculated (solid lines) inelastic a), ¢) and elastic b),
d) scattering cross-sections of 150Nd(o, a’). The inelastic cross sections were normalized
to the pure Coulomb-excitation theory, while the elastic ones to the cross-sections of the
Rutherford scattering. The coulpled channel calculations were performed for different
ratios of nuclear/Coulomb quadrupole deformation parameters.

This work was supported by the National Scientific Research Foundation

(OTKA No: 7486 and 3010)
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Search for superdeformed states in 236U

A. Krasznahorkay, M. Csatlds, I. Diészegi, M. Hunyadi and
B.M. Nyakd

As an extension to the study of high-spin superdeformed states the investi-
gation of the low-spin superdeformed states built on fission isomeric states has
been started in our Institute. The fission isomers are theoretically described as
metastable prolate shapes of heavy nuclei with an axes ratio of « 2:1. Although,
more than 30 fission isomeric states were observed many years ago, only a few
excited states built on these superdeformed ground states are known [1]. One of
the best examples to study these excited states is 236U. The location and decay of
the isomeric state in 236U is shown in Fig. 1.

O O CO

Fig.l. Location and decay of the low-spin superdeformed states in 236U

The superdeformed (Class IlI) ground state is located 2.75 MeV above the
normal (class I) ground state. In contrary to the class | states which decay only
by 7 emission in the energy region of E*=2.8 - 3.8 MeV, the 7 decay of the fission
isomeric state to the class | states is highly hindered, therefore the fission becomes
also a non-negligible (11 %) decay channel characterizing this state. As the lifetime
of the (mostly rotational) excited states built on the fission isomeric state is very
short (r << 1 ns) and they decay back to the class Il ground state, these states
can be identified by delayed coincidence measurements with the fission products.
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The class Il states of 236U were excited by 238U (d,pf) reaction. This reaction
has a reasonably high (« 1/rb) cross section. The proton spectra were measured
with the Debrecen Split-Pole spectrometer, while the fission fragments were de-
tected by Si surface barrier detectors. An energy spectrum detected by a Si position
sensitive detector at the focal plane of the spectrograph can be seen in Fig. 2. In
the magnetic spectrograph with the same Bp value different particles can reach
the focal plane, but according to their energy, position and time-of-flight, they
can be well identified. The coincidence rate between the spectrograph and the fis-
sion detectors was very low. During the 2 days preliminary experiment there was
not enough statistics to see peaks in the coincidence spectrum. We are going to
increase the efficiency of the setup in two ways:

i. ) Using large area parallel plate avalanche counters (PPAC) instead of Si detec-
tors [2].

ii. ) Increasing the solid angle of the spectrograph from 2 msr to 10 msr. As it was
shown in reference [3] the solid angle of the spectrometer can be increased
without losing the energy resolution. In this case one has to use a specially de-
signed focal plane detector which is capable to measure not only the position,
but the angle of incidence of the detected particles [4].

Fig. 2. Energy (energy loss for protons) spectra of the particles detected at the focal
plane of the spectrograph
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Description of the continuum in calculating

partial decay widths of giant resonances in
2°8pb

P. Lind 1, E. Maglione 2 R. J. Liotta 3T. Vertse

Since giant resonances are collective excitations, lying, in general, above the
threshold of the particle emission one has to take into account the possibility of the
nucleon escape in the theoretical description. The usual treatment is in the frame of
the continuum random phase approximation[l] (CRPA), in which the effect of the
continuum is taken into account exactly. For heavy nuclei CRPA calculations are
time consuming since large number of p-h configurations form the giant multipole
resonance. Dealing with a realistic single particle potential one has to integrate
the Schrddinger equation numerically in order to get the solutions which determine
the Green’s function. Therefore, the major part of the computation time in the
CRPA isspent on calculating the Green’s function at different energies. In order to
speed up the CRPA calculations we introduced[2] a pole expansion of the Green’s
function:

n(r "M =Y wu(r’kn)wWn(r\kn)
o[* *} ~ 2kn(k~kn) (1)

in which the normalized pole solutions wn of the Schrédinger equation belonging
to complex wave numbers kn are used and the sum runs over all classes of poles
i.e. bound and antibound states, decaying and capturing resonaces. This form is
also given by the Mittag-Leffler expansion of g. But it was shown only recently by
Berggren and Lind[3] that eq.(l) is a reasonable approximation even if the potential
has a Coulomb tail (i.e. it does not vanish beyond the range of the nuclear forces).
The wn ”states” have to be determined only once for a given potential and the
Green’s function can be calculated quickly for any complex value of the wave
number k using eq.(l).

Our approach is applied for the calculation of the total and partial neutron
widths of the giant multipole resonances in 208Pb, using a separable multipole-
multipole form of the residual interaction. For the isoscalar giant monopolé reso-
nance (GMR) where the number of p-h states are not too large, we carried out an
exact CRPA calculation as well and used its result for checking the accuracy of
our method. We found that the correlated energies agreed with the CRPA results
up to 3-4 decimal places and the values of the partial widths were also reproduced
up to an accuracy of 5-15% using a basis which consisted of 5-7 resonant states
besides the bound and antibound states in each partial wave[2].

We calculated the giant multipole resonances also for J = 1,2,3,4,5 and found
that all the J d 2 giant resonances were considerably fragmented.

In order to understand the structure of the giant resonances we used the
resonant RPA[4,5] (RRPA). In the RRPA the basis is composed of a subset of
the pole functions used above. The truncated form of the Berggren’s completeness
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relation[6] is used, which includes only bound states and decaying resonances. The
wave functions of the correlated states are expanded in terms of p-h configurations
with complex energies. For a separable interaction, the RRPA gives the forward
amplitudes as

X(k, ;n) —Nn <*]]'_Ik>_ (2)

un- (Sit- Si)'

where wn, S* and Si are the energies of the correlated, the particle and the hole
states, respectively. Nn is the normalization factor and < &]||/|[[r > is the matrix
element of the separable interaction. A common property of the giant resonances
is that the wave function is dominated by those p-h configurations in which the
particle is in bound or quasi-bound states. Therefore, the escape width of these
resonances is small.

The attractive feature of our approach is that our code runs 2-3 orders of
magnitude faster than the CRPA and this is promising indeed for the calculation
of the spreading width where the number of configurations is excessive.

This work was supported by the OTKA Foundation Hungary (contract num-
bers 3017 and 3010).
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Multicluster description of the neutron-rich
helium isotopes

K. Varga and Y.Suzukit

tphysics Department, Niigata University, Niigata 950-21, Japan

In a previous paper [1], we presented a microscopic multicluster approach to
the ground state of 6He and 8He in a model comprising an alpha cluster and single
neutron clusters. In this model the intercluster wave function is a superposition of
terms of different relative coordinate arrengements, and each term is a product of
nodeless harmonic oscillator functions with different width parameters. To deter-
mine the combination coefficients we used the “stochastic variational method”.

The aim of this paper is to demonstrate that our model produces realistic
wave functions, that is, the physical properties extracted using our wave functions
are close to the experimental results.

We have calculated the matter, proton and neutron density distributions of
the 6He and 8He nuclei. By using these distributions we calculated the proton and
neutron radii of these nuclei and the results agree with experiment within a few
percent.

An other characteristic property of the halo nuclei is the very narrow trans-
verse momentum distribution. The momentum distributions of the 4He and the
6He fragments in the (4He,6He) and the (6He,8He) reactions respectively, calcu-
lated using our two-neutron removal spectroscopic amplitude perfectly follow the
experimental distributions.

We have also calculated the 3 decay transition probability per time and energy
units and compared it to the experimental data. From the good agreement we
concluded that asymptotic part of the wave function in our model is approximated
satisfactorily.

The application of this model to other nuclei is planned in the near future.
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Multicluster model of neutron-halo nuclei
with a stochastic variational method

K. Varga, R. G. Lovas and Y. Suzukit
tDepartment of Physics, Niigata University, Niigata, Japan

Neutron-halo nuclei are currently in the focus of intense interest [1]. Their
description requires a unified approach with very flexible neutron orbits and a
correct treatment of the centre-of-mass motion and of the Pauli principle. In last
year’s Annual Report we reported on two approaches: on a full-fledged three-cluster
approach [2] and on a simplified one, which is applicable to more than three clusters
as well [3]. In this contribution we report on the first applications of the latter.
Some even more recent developments are included in another contribution [4].

The model is based on a linear variational method, and it is made feasible
by stochastic sampling in setting up the basis. We used the three-cluster system
6He=a+n+n as a testing ground, and present results for the five-cluster system
8He=a+n-|-n+n-|-n as well.

Our model employs a trial function, which is a sum over various cluster ar-
rangements /u, each associated with a particular set of intercluster Jacobi coordi-
nates. For a+ n+n, there are two non-trivially different arrangements, viz. /x=(am)n
and n(nn), while for n+n+n+n+n there are nine. Each arrangement, together
with a particular set of angular momenta, defines a subspace of the full state
space. The coupling of the nucleon spins to S, and of the orbital angular momenta
li (r=1,..,n) to L follow the pattern of the n Jacobi coordinates. The product of
the relative-motion functions is expanded in terms of products of n zero-node oscil-
lator wave functions of a range of size parameters, with the expansion coefficients
being the only variational parameters.

We chose the central effective interaction of Ref. [5].

For 6He the energies obtained in the individual subspaces are very close to each
other, and yet, when they are combined, the binding gets stronger moderately.
This behaviour is typical of strongly overlapping subspaces, in which case the
united basis is likely to be largely redundant. To reduce the redundancy of the
basis, we selected the basis elements by stochastic sampling. We enlarged the basis
step by step by selected random elements. They were qualified for admittance
if their contribution was either the best among 10 randomly chosen candidates
(“preselected basis™) or was larger than 0.005 MeV (“utility-tested basis”).

Whichever selection prescription was used, the energies as well as radii cal-
culated with random bases were always found to converge to the “exact” energy,
and, at the expense of ~20 keV loss of binding, it was possible to reduce the basis
dimension with respect to systematically constructed bases by a factor of 3-6.

This enabled us to make reliable calculations for the five-cluster system as
well. A summary of the calculations for 8He is given in Table 1. The configuration
{[a(nn)]n}n-f-[a(nn)](nn)+{[(cm)n]n}n seems to be adequate; not even the inclu-

35



2 K. Varga, R. G. Lovas and Y. Suzukit

sion of configuration {[(an)n]n}n’, which is the best by itself, could deepen the
binding appreciably.

Table 1. Energies and rms radii of 8He in different model spaces. All /, are zero except
in {[(an)n]n}n’, where h = jj =1

Subspace N E (MeV) r (fm)
{[(c*n)n]n}n 153 -2.509 2.341
{[(«njnjnjn’ 130 -3.033 2.322
{[o(nn)]n}n 161 -2.961 2.305
Hnn)J(nn) 163 -2.676 2.278
o[(nn)(nn)] 176 -1.167 2.188
(om)[(nn)n] 220 >0

<x{[(nn)n]n} 157 -1.368 2.196
{[a(nn)]n}n+[a(nn)](nn) 211 -3.292 2.306
{[a(nn)]n}n-|-ft{[(nn)n]n} 223 -3.027 2.225
{[6(nn)]n}n+[a(nn)](nn)

-f{[(cm)n]n}n 303 -3.395 2.271
{[a(nn)]n}n+[a(nn)](nn)

+a{[(nn)n]n} 311 -3.321 2.317
Experiment -3.112 2.50

We managed to reproduce the g.s. energies of BHe and 8He simultaneously
with an accuracy of 100 keV. The calculated matter radii would be slightly larger
with a force that reproduces the empirical a-particle radius.

For 6He we have calculated a discretized 1~ continuum as well. We have found
that the distribution of the strength B (E 1) of the electromagnetic transition to
the ground state peaks below the excitation energy of 3 MeV, which is a clear
indication for the existence of the soft dipole mode predicted earlier [6].
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Semimicroscopic algebraic cluster model of
light nuclei

J. Cseh and G. Lévai

We have discussed the relation of the phenomenological algebraic cluster model
(i.e. of the vibron model and its extensions), to the microscopic description. Based
on this connection we have formulated [1] a semimicroscopic approach, in which the
internal cluster degrees of freedom are treated in terms of the SU (3) shell model,
and the relative motion is described by the vibron model. For a two-cluster system
this model has a group structure of UM (4)0U cl{")®Ur {4)0U c2{">)®Ug"{4), and
the phenomenological interactions are obtained in terms of the group generators.
The model space is constructed to be free from the Pauli forbidden states and
spurious center of mass motion, similar to that of the SU{3) cluster model.

We have given detailed formulation of the model for three special types of
two-cluster systems [1], where the spin-isospin degrees of freedom do not appear
explicitly: i) One of the clusters is a closed-shell nucleus and the other is an even-
even one with N — Z, (Uc(3) 0 Ur{4) model), ii) Both clusters are even-even
nuclei with N = Z, (Uci(3) 0 Uc2(3) 0 Ua(4) model), iii) One of the clusters is
a closed-shell nucleus and the other one has N = Z + 2t = even, (the restricted
UAT[4)0 Uc(3)0 Ur(4) model). We have presented three examples, the 12C + a,
the r2C + VIC and the 14C + a systems to demonstrate various aspects of the
semimicroscopic algebraic cluster model and its special subcases.

The model can be developed further along several lines. These possibilities are
also discussed in Ref. [1].
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Semimicroscopic 34S -f o cluster model of
the 38Ar nucleus

G. Lévai and J. Cseh

The first applications of the semimicroscopic algebraic cluster model [1] to the
14C + a and 12C 12C cluster systems have shown that this model is able to
reproduce many important characteristics of the 180 and 24Mg nuclei [2,3]. The
a-cluster states of the 38Ar nucleus offer another interesting application of the
model for several reasons, i) The model can be tested near the sd-shell closure,
where «-clustering is known to be relevant to several nuclei, ii) Experimental
information on the energy spectrum and electromagnetic transitions of the 3BAr
nucleus is relatively rich, iii) New experimental results on 34S(a, 7)3Ar resonances
are directly available from our laboratory [4].

We have used the SU(3) dynamical symmetry limit of the model [1], which was
found to be a realistic approximation in the previous studies [2,3]. This assump-
tion simplified calculations to a considerable extent by allowing the utilization of
the SU(3) D 0(3) tensorial character of the semimicroscopic basis states and the
phenomenological operators. In this case the experimental states can be assigned
to bands labeled by SU(3) quantum numbers (A,/n), which also determine selec-
tion rules for the electromagnetic transitions. We have used this information to
calculate the energy spectrum of approximately 100 states by fitting the 8 param-
eters of a phenomenological Hamiltonian. The results for positive-parity states are
displayed in Fig. 1.

Although the model was not able to reproduce the properties of some indi-
vidual bands, it gave a reasonable account of some global characteristics of the
energy spectrum and electromagnetic transitions. An example for this was, that
the model predicted very few E2 and EI transitions to the ground-state region,
which we found to be in good agreement with the experimental data. E2 transitions
were reproduced reasonably well (especially for negative-parity states), while the
model was somewhat less successful in describing M1 transitions. Selection rules
for EI transitions were found to be too restrictive. Resonance states in the Ex ~
10-11 MeV region [4] are expected to contain significant components from SU(3)
multiplets with low values of A and //, which may explain why, in contrast with
lower-lying states, many of these resonances prefer decaying to the ground state.

In conclusion, our 34S + a cluster model was able to account for some global
properties of the 3BAr nucleus, nevertheless, the SU(3) dynamical symmetry ap-
proximation turned out to be less realistic here, than for other nuclei in the lower
half of the sd-shell. We expect that the results can be improved by breaking the
SU(3) dynamical symmetry by introducing additional interaction terms in the
Hamiltonian, which could result a more realistic energy spectrum, and would also
relax the occasionally too strict selection rules implied by the SU(3) dynamical
symmetry.



G. Lévai and J. Cseh

Fig. 1. Positive-parity T = 1 energy levels of the 38Ar nucleus, displayed in rotational
diagram form. Circles (o) stand for states with uncertain JT assignment in the exper-
imental energy spectrum. The members of possible rotational bands are connected by
solid lines.

References

1. J. Cseh and G. Lévai: ‘Semimicroscopic algebraic cluster model of light nuclei: 1.
Two-cluster-systems with spin-isospin-free interactions”, Ann. Phys. (N. Y.), in
press.

2. G. Lévai, J. Cseh and W. Scheid: Phys. Rev. C 46 (1992) 548.

J. Cseh, G. Lévai and W. Scheid: Phys. Rev. C 48 (1993) 1724,

4. Zs. Fulép, A. Z. Kiss, E. Koltay, E. Somorjai, J. Keinonen and P. Tikkanen:
ATOMKI Annual Report (1991) p. 4; (1992) p. 11.

w

39



Shell model on random gaussian basis:
Description of 212Po

K. Varga and R. J. Liottat

t Institute of Royal Technology, Stockholm, Sweden

Complementing the shell model with the cluster model, the alpha decay of 212Po
can be described reasonably well [1]. This hybrid model is, however, difficult to
apply to the description of alpha or cluster decays of other nuclei. We therefore
developed a simpler model, which is closer to the conventional shell model, but in
practical applications proves to be far superior.

In the new model we replace the single particle orbits of the shell model by
combinations of wave of gaussian functions of different size parameters with exact
Pauli projection of the core orbits. While in the interior these gaussians simulate
the effect of several oscillator shells, they are superior in that they are not so
artificially cut at the nuclear surface, which is the most important region for the
description of the decay process.

Using such a wave function ansatz in the spirit of the shell model, we obtainan
eigenvalue equation. To prevent the explosion of the dimension of the basis, we
employ the “stochastic or Monte Carlo diagonalisation” technique [2]. With this
method the important states are selected from randomly chosen basis state sets
according to their contribution to the ground state energy.

To test the performance of this model, we compare it with our previously
used hybrid description. We found that this technically simpler model is as good
as the hybrid model. The predicted alpha decay width is about one third of the
experimental value, the alpha cluster formation probability is somewhat less (15%)
than in the previous calculation. These results encourage us to apply this model
to the alpha decays of other nuclei and to exotic cluster decays.
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Observation of Enhanced ECC Cusp Yield
at Impact of Metastable Neutral He
Projectile

M. Kuzel L. Sarkadi, J. Palinkéas, P. A. Zavodszky,
R. Maier t, D. Berényi and K. O. Groeneveld t

The cusp peak associated with the ionization of the target (known as electron
capture into the continuum, ECC) is well understood theoretically as a singular-
ity caused by the long-range Coulomb interaction between the projectile and the
ejected electron. Such a singularity is not expected for bombardment by neutral
atoms because of the short range of the completely screened Coulomb potential.
Surprisingly, a sharp cusp was observed in an experiment using HeO projectiles
[1]. (The ECC reaction channel was identified detecting the electrons in coin-
cidence with the outgoing HeO atoms.) To give a theoretical explanation of this
unexpected experimental result Barrachina [2] suggested that a modified electron-
neutral atom interaction due to the presence of a low-lying virtual resonance state
in the electron-projectile system can be responsible for the observation. Accord-
ing to Barrachina a suitable virtual state can be found in the e-He system, when
the He core is in a metastable 2*S excited state. Since a considerable part (25—
35%) of the He atoms in the incoming neutral beam is in metastable 2S state, the
formation of the above virtual state is very probable.

In the present experiment [3] we investigated the contribution of the metastable
fraction of the beam to the ECC cusp in 400 keV HeO on Ar collisions. The ex-
perimental arrangement was similar to those used in our previous investigations
[4,5] except that an additional gas cell was applied to change the metastable frac-
tion of the beam by collisional quenching [6]. Detecting coincidences between the
electrons and the outgoing HeO, He+, and He2+ particles, cross sections for the
capture (ECC), the single loss (ELC), and the double loss (DELC) processes have
been determined as a function of the pressure of the quenching gas. For a given
reaction channel (labelled by i) the dependence of the effective (i.e., the measured)
singly differential cross section on the thickness of the quenching gas (//) is given
by

( d<\ (eff) = [/ do-\° 1+ RIPexp[-n(al - a0)]

\di2 i 1+ pexp[-u(<Tl - <f)]
Here p is the ratio of the number of the metastable and ground-state atoms in
the beam entering into the quenching cell, i?, = ( where (j~)* and

are cross sections for the cusp production in channel i corresponding to the
impact of pure metastable and pure ground-state He atoms, respectively. crf£ and
cre are the corresponding total electron loss cross sections [6]. Fitting the function
(1) to the measured cross sections (see Fig. 1) we have got the following values
for the metastable-to-ground state cross section ratio (Ri): 3.15, 10.2, and 1.45
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for ELC, ECC, and DELC, respectively. The order-of-magnitude enhancement
obtained for ECC strongly supports the formation of an intermediate virtual state
of the e-He(21S) system.

QUENCHING GAS THICKNESS [MOLECULES cm'Z

Fig. 1. Singly differential cross sections as functions of the thickness of the quenching

gas.
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Observation of Collisionally Induced
(I1s2p2p') 4Pe Shape Resonance of He-

P. A. Zavodszky, L. Sarkadi, L. Vikod and J. Palinkéas

It is well known that He* exists only in the (Is2s2p) 4P° state, which is
metastable against both autodetachment of electrons and radiative decay. This is
a typical example of a long-lived Feshbach resonance (electron bound to an excited
state) and has received considerable attention in the past [1] as a strong evidence
of correlation between the active electrons.

The electron detachment from the simplest negative ion H* (2s2p) 1P° was
studied using different experimental methods, e.g., e-H scattering, photodetach-
ment, collisions between H* and rare gases. With the advent of high resolution
0° electron spectroscopy it became possible to measure directly [2] the excitation
and decay of the 4P shape resonance of H*, which lies only 17 meV above the H°
(n - 2) state.

Similar shape resonance exists also in the case of He*, but until now this was
investigated only by photodetachment. The theoretical calculations [3] agree well
with the experiments [4] and fix the resonance position at « 10 meV above the HeO
(Is2p) 3P state, with a resonance width of « 7 meV. However, the experimental
value of the resonance position depends strongly on the precise determination of
the threshold in the photodetachment.

We report here the investigation of single and double electron loss to the con-
tinuum (ELC and DELC) processes in He“ on Ar collisions. The He® ions in the
energy range between 25 and 87.5 keV/u were obtained by charge changing colli-
sions from He+ ions produced with our 1.5 MV VdG accelerator. The experimental
setup was similar to that used in our previous investigations [5]. The cusp elec-
trons were measured at O° in coincidence with the outgoing charge-state selected
particles. The relative energy resolution of the electron spectrometer was 0.3%,
and the angular acceptance combined with the beam divergence was £0.8°. The
target pressure was kept low enough to avoid double collisions.

Fig. 1 shows typical electron spectra obtained at 75 keV/u projectile energy.
In the ELC spectrum a resonance appears which can be seen on both sides of the
cusp (due to the peak-doubling kinematic effect).

The shape of this autodetaching line is generally asymmetric due to the inter-
ference between the direct non-resonant detachment process

He" (Is2s2p)4P° + Ar -» He°(Is2p)3P + Ar-f e“ (1)
and that via the resonant 4Pe state
He“ (Is2s2p)4P° + Ar —He" (Is2p2p')4Pe + Ar (2a)

He“ (Is2p2p')4Pe —mHe°(Is2p)3P + e* (2b)

The process
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Fig. 1. Energy spectra of cusp electrons for 75.3 keV/u He impact on Ar. Symbols: Q-
ELC, A - DELC multiplied with factor 3, - - - - results of fitting.

He~(Is2s2p)4P° + Ar He°(lIs2s)3S + Ar + e~ 3)

contributes also to the non-resonant part of the ELC. The simultaneous loss of
two electrons produces the DELC spectrum also seen in Fig. 1. and do not show
any structure on the wings of the cusp.

From a fitting of the spectra using a method presented in [6] we obtained

the resonance energy and width in the projectile reference frame. This experimen-
tal values are in reasonable agreement with the results of the photodetachment
measurements [4].

References

t Permanent address: Institute of Physics, Belgrade, Yugoslavia

1
2.

oo s w

H.P. Saha and R. N. Compton, Phys. Rev. Lett. 64 (1990) 1510

L. H. Andersen, J. P. Bangsgaard, and J. SOrensen, Phys. Rev. Lett.57 (1986)
1558; M. M. Duncan and M. G. Menendez, Phys. Rev. A 39 (1989) 1534; F. Penent,
J. P. Grouard, J. L. Montmagnon and R. I. Hall J Phys. B 24 (1991) 173 and 25
(1992) 2831

A.U. Hazi and K. Reed, Phys. Rev. A 24 (1981) 2269

J. R. Peterson, Z. K. Bae and D. L. Huestis, Phys. Rev. Lett. 55 (1985)692

A. Koévér et al., J. Phys. B 22 (1989) 1595

P. A. Zavodszky, L. Sarkadi, L. Vikor and J. Palinkas, submitted to Phys. Rev.
Lett. (January 1994)



Correlation Effects Observed in Collisional Population
and Subsequent Decay of HeO™ (21, 2I)

P. A. Zavodszky, L. Sarkadi, L. Vikor* and J. Palinkas

The study of electron correlation in high-energy ion-atom collision received con-
siderable interest during the past decade [I].The advent of high-resolution O° projectile
Auger-electron spectroscopy [2] made possible state-selective studies for a variety of
different collision systems. Among the possible applications we shall restrict ourself to
present some preliminary results on the study of double electron capture and resonant
transfer excitation in He2+1+ — Ar collisions.

Zouros et al. [3] studied the double electron capture in the He2+» (1s2)1S HeO
collisions. Their results cannot be explained in the framework of the independent parti-
cle model. At the same time the coupled channel calculations of Jain et al. [4] including
electron correlation effects produce cross sections in agreement with the experimental
data [3]. Zouros et al. [3] explained the appearence of the (2s2p)3P He(** state by dou-
ble collisions, arguing that spin flip cannot take place in low-Z targets where the spin-
orbit interaction is small. Contrary to their results, we found in He2+— Ar collisions a
non-zero probability for the population of the (2s2p)3P He(* state even extrapolating to
P = 0 target pressure. In the Fig. 1 we compare the relative intensity of the (2s2p)3P line
for excitation, single electron capture + excitation and double electron capture in colli-

sions of He0, He+ and He2+ on Ar. The spectra were normalized to equal (2s2)1S line
intensity.

Fig. 1. Electron yield resulted from the autoionization decay of the (2s2)*S and (2s2p)3P
states of He0** in collision of HeOl+2+ — Ar at 75 keV/u bombarding energy. Symbols:
0 - He0, A - He+, m - He2+ projectile. The spectra are normalized for the (2s2) 1S line af-
ter background substraction and transformation in the projectile system.

The highest (2s2p)3/(2s2)1S ratio in the case of HeOprojectile can be understood
having in mind that the HeObeam contains 20-25% (1s2s)3S HeO* atoms [5] which can
be excited easily to the (2s2p)3P state. This state can be populated in double electron
capture for He2+ impact without spin flip if the electrons come from different subshell

45



46

2 Zavodszky et al.

of the Ar target. However, the (2s2p)3/(2s2) 1S ratio in the case of He2+ projectile is
much smaller than in the case of He+projectile. A possible explanation of this fact is the
repulsion of the two electrons with parallel spin when they are captured in the same
time during the population of the (2s2p)3P state.

Transfer excitation (TE) is a two-electron process involving the transfer of a tar-
get electron to the projectile with the simultaneous excitation of a projectile electron,
giving rise to a doubly excited state. This state may decay by x-ray emission or
autoionization. If the TE is correlated, it is a resonant process (RTE). Formerly the RTE
was investigated by detecting the x-rays or Auger electrons [6] for asymmetric (Zp > Zx,
e.g., 06"'»He) and symmetric collisions (He+~>He, H2). Here Zp and ZT are the pro-
jectile and the target nuclear charge, respectively. In Fig. 2. we presented our results for
the RTE process in He+—=* Ar collisions. This case is also asymmetric, but now Zp< ZT.
The resonant character is well pronounced in the case of (2p2 1D line and less pro-
nounced in the case of (2s2p):P line. The resonance location (« 280 keV) is higher than
the 261 keV value expected without taking into account the binding energy of the target
electron which is transferred during the process.

Fig. 2. The (2p2)1D [O] and (2s2p)1P [A] HeO™ line intensity as a function of projectile
energy resulting from the autoionization decay of the corresponding states in He+ —Ar
collisions. The hump near 280 keV is due to resonant transfer excitation.
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Production of Low-Energy Electrons
by 80 keV 0 8+ lons

V. L. Planod, R. R. Haar*]), J. A Tanis*J),
L. Sarkadi, P. A. Zavodszky, J. Palinkas, D. Berényi,
M. H. Priori), H. Khemliche*2* and D. Schneider*3

We have measured the production of low-energy («0 —10 eV lab) electrons
in slow (« 4.5 keV/amu) collisions of 0 8+ ions with H2, He and Ar targets. This
work follows recent related studies [1-3] and has been motivated, in part, by the
continuing discussion of the role of electron correlation in multiple electron trans-
fer processes. The measurements were made using the Electron Cyclotron Reso-
nance ion source and associated atomic physics facilities at the Lawrence Berkeley
Laboratory 88-inch cyclotron.

Electrons emitted in the forward direction from a biased gas cell were energy
analysed by a McPherson sperical sector electron spectrometer equipped with a
microchannel plate position-sensitive detector at the exit. Projectile product ions
leaving the target region were separated into charge-state components using an
electrostatic deflector. The component of interest was detected by a high-rate
microchannel plate multiplier, while the 0 8+ beam was collected in a Faraday cup.
(In runs searching for electrons in coincidence with no projectile charge change,
the attenuated 0 8+ beam was detected with the high-rate multiplier.) Position
coordinates of electrons at the spectometer exit and the arrival times of the selected
projectile product ions at the particle multiplier were recorded in event mode by a
data collection computer system. Coincident events appeared as a peak in the time
(TAC) spectrum. Data were collected for several target gas pressures to ensure that
single-collision conditions prevailed.

Total cross sections were measured for single and double capture to bound
states by 08+ ions in collisions with the H2, He and Ar targets. These are of
general interest and are needed in the analysis of the coincidence data. By using
these targets, cross sections can be compared for different ionization potentials (Ar,
H2 « 15 eV, He « 24 eV) and varying number of outer shell electrons (Ar = 6,
He, H2 = 2).

In related works [2,4], it was found that continuum-electron emission occurs
only when accompanied by bound-state capture to the projectile, i.e. no electrons
are observed coincident with the 0 8+ projectile charge state. The present mea-
surements for the H2 and incident He targets confirm these earlier observations as
shown in Fig. 1. For the Ar target however the results are more involved. Here, the
fraction of electrons coincident with the 0 8,',6'5+ final projectile states are approx-
imately 0, 30, 20 and 1%, respectively. That is, while essentially no electrons were
seen coincident with projectiles which did not undergo bound-state capture, the
contributions from the two- and three-electron processes resulting in outgoing 0 7+
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and 0 6+ states are nearly equal. Furthermore, there is a measurable contribution

from a four-electron mechanism resulting in the 0 5+ final state.

0 100 200 300 400 500

TAC Channel

Fig. 1. Time spectra for coincidences between outgoing projectiles and detected contin-
uum electrons for (a) 08+ + H2—=%08+ +e_ and (b) 0 8+ + H2 — 0 7+ + e~ showing that
continuum-electron emission occurs only when accompanied by bound-state capture.
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The polarization of the Al Ka/ x-ray satellite
in metal and in sapphire (A120 3)

I. Torok, V. P. Petukhov x P. A. Zavodszky, J. Palinkas, and
L. Sarkadi

1 Moscow State University, Institute of Nuclear Physics, 119899 Moscow,
Russian Federation

Although the K x-ray lines are not polarized, some of the KL satellites, where
the non-spherical L3 subshell is involved in the transitions can show significant
polarization. (See e. g. [1] and references therein.) This effect, in principle, can
depend on chemical environment, and therefore the polarization can be different in
pure metals and in their compounds. We started measurements of the polarization
of the Ka<satellite line of Al in metal and in oxide-(sapphire, a-Ab0O3).

We used 3.2 MeV He+-ions and 1 MeV proton projectiles at the Van de Graaff
accelerator in ATOMKI [2-4]. A Soller-type (flat crystal) x-ray polariméter [5] was
used for taking spectra. The evaluation of all spectra was performed by using the
EWA code [6]. The peak shapes were approximated by Gaussians with indepen-
dent left and right exponential tails. The nominal energies of the distinct satellite
features (Ka», Ka3, Ka4, ...) were used in the fitting, taking into account also the
chemical shifts [7,8].

For both target materials, and for both measuring positions (i. e. parallel and
perpendicular relative to the incoming ion beam) the intensities of the satellite
features were determined relative to the Kai peak, which is assumed to be unpo-
larized.

The degree of polarization (P) was calculated from these relative intensities.
The obtained linear polarization values are listed in Table 1.

PFCrr ectile

particle energy for the metal for the oxide
He+ 3.2 MeV 0.52+0.15 0.2210.12
P 1.0 MeV 0.4110.10 0.3910.10

Table 1. The polarization fractions (P) obtained from present measurements.
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A new evaluation of our He+-ion induced x-ray spectra gave similar results,
as the one described in [3]. The polarization fraction of the x-rays obtained from
oxide is about half of that from the metal. The spectra induced by 1 MeV protons
- although they axe taken at about the same projectile velocity as the He+-ion
induced ones - does not show this large difference in the polarization fractions,
obtained from spectra of metal and oxide. The reason may be the higher multiple
ionization in the case of the heavier projectile.

This work was supported by OTKA (Hungarian National Scientific Research
Foundation), Grant: No. 3011.
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The manganese KL2 2™ Auger spectrum excited by
bremsstrahlung

A. Némethy, L. Kover, I. Csemy and D. Varga and P.B. Barnal
Research Institute for Technical Physics of the Hungarian Academy of Sciences,
Budapest

In a previous study the manganese K-Auger spectra from SH-e decay were
examined by Kovalik et all Following the electron capture decay of Sde, a K-shell
vacancy is produced and an outer electron finds itself excited to an unoccupied state,
while the atom remains neutral. Photoionization, however, yields a final state of a
positive ion with a core hole, the creation of which is accompanied with similar
electronic rearrangement processes. The differences concerning the ionization/excitation
processes in the two cases can be reflected in the respective Auger spectra as well, e.g.
in different transition energy values or in appearance of various satellite lines.

In the present study the Mn KL2)L23Auger transitions were excited by using Mo
bremsstrahlung. Manganese films of 10 nm thickness were evaporated onto Si wafer
substrates in vacuum and were cleaned and thinned in situ prior measurements by argon
ion sputtering. The Auger spectra were measured by a high luminosity electron
spectrometerZ3using an energy resolution of 3*1 O4. Evaluating the spectra, peaks were
fitted by Voigtians with inelastic tails4applying a Tougaard type5inelastic background.
For estimating the respective total shake probabilities, relativistic Dirac-Fock-Slater
wavefunctions and sudden approximation were used6.

An overall agreement can be seen between the respective relative energy values
from the different experiments78 In spite of the better resolution used, no satellite line
can be identified at the low energy side of the Mn KL2.3('D2 peak in the present
measurement (Fig. 1) opposing to the result of A. Kovalik et all This difference in the
result of the two experiments cannot be attributed to the different atomic excitation
probabilities on the basis of the calculated values presented in the Table 1. It can be due,
however, to chemical effects because the measured energy value of the Mn KLZ.3('D 2
line in MnO is in agreement with that obtained from the previous measurementl
(Table 2). This assumption is supported also by the fact that in the MnO spectrum
mentioned an extra peak can be identified at the low energy side of the main line in a
distant of 7.9 eV (Table 2).

Table 1 Total shake probabilities(%) for Is photoionization of Mn and Is electron
capture of He

Process Present work Ref. 9 Ref. 10
Photoionization: (Is)*...(3d)5 26.64 33.10
Electron capture: (1s)1 (3d)6 0.51 0.68 0.38
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Table 2 Mn KL2.3(ID2 Auger energies

Experiment Theory
Present work Ref. 1
Pres. Ref. Ref. Ref.
Metallic Extra Peak "Metallic™ workf lit 12f 13f
Mn MnO in MnO Mn Extra Peak
Energy , 5194.3 (25)' 5192.41 .
(&V) 5208.2 (8) 5203.3 (10) 5195.4 (10) 5202.5 (25) 51955 (25)° 5212.1" 5202.8" 5191.7 5195.71
Calculations for free atoms '‘Auger transition following electron capture
Figure 1

Photoexcited Mn KL23.23
Auger spectrum from the
present work with a
resolution of 13 eV,
compared to the measured
spectruml1 following
electron capture (insert)
with a resolution of
2.2 eV.

-80 -60 -40 -20 0 20 40
Relative Energy (eV)
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Local electronic structures reflected in the P K-Auger
spectra of phosphorus oxyanions

L. Kovér, A. Némethy, I. Csemy, and H. Adachi*
*Dept. of Metallurgy, Kyoto University, Yoshida-honmachi, Kyoto 606, Japan

Core-valence X-ray and Auger spectra are containing unique information on the
local electronic structure surrounding the core-ionized atom. Site specific local density of
valence electron states (LDOS) can be obtained from the lineshapes of the respective
Auger transitions involving valence band holes in the final stated Correlation of final
state vacancies and core hole screening can influence strongly the core-valence Auger
lineshapes”.

The structure of the KR and L2 X-ray-, as well as the LW Auger and XPS

spectra of P in different phosphorus oxyanions, having a common tetrahedral (Tjj)
symmetry, were studied previously”>4,5 and a relatively small interaction was suggested
between the phosphate anion and the respective cation, as a consequence of the strong
group localization of valence states over the tetrahedron cluster.

High energy Mo X-ray excited Auger spectra of Na3PC>4, Li3P0O4 and (NaPC>3)n
polycrystalline powder samples were obtained by using a high energy electron
spectrometer™»”™ (with an energy resolution of 2.6*10*4). vacuum was 5*10*7 pa
during measurements. Energy calibration of the electron spectra was performed in the
XPS region with the aid of polycrystalline Cu and Ag samples® applying a linear
extrapolation for higher energies. Corrections for charging effect were made by using the
C Is line from the surface hydrocarbontO. Metal samples and single crystal GaP were
cleaned before measurement by argon ion sputtering. For calculating the LDOS for
POA~*, a DV-Xa cluster® molecular orbital model was applied, taking into account of
the presence of a final state core hole, using a Td symmetry FO. The core-core valence
Auger intensity distributions were calculated using the "final state rule"11 and the
respective atomic matrix elements O, applying an additional broadening to the theoretical
spectra when comparing to the experimental ones.

The measured P KLL Auger spectra of the phosphates are rather similar, while in
the case of the metaphosphate besides a larger chemical shift the ID2 line is narrower.
The general features of the experimental P KLV spectra reflect the dominance of the
effect of the common Td symmetry, similarly to the previous results®,5 jn pig 1the
Li3PO4 Mo X-ray excited KLV Auger spectra is compared to the result of our
calculation, based on the semiempirical approximation described above. For the
KLjV/KL23V Auger intensity ratio, the theoretical value 12 from Table 1 was used. The
relatively good agreement between the experimental and theoretical spectra
demonstrates, that by using a simple model including LDOS obtained from MO cluster
calculations and atomic Auger transition probabilities, the main structure of the KLV
Auger spectra of phosphates can be explained.

In most cases the measured molecular KLV Auger intensity ratios (Table 1) agree
well with those for free atoms obtained from the theory”® (except for the
KLiV(S)/KL28V (P) ratio. The measured KL28V(£>)/KL2;3VCP) ratios are sensitive to
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cations or superstructure, showing an order of magnitude drop, for the GaP. Large
chemical effects and disagreement with atomic theory can be observed in the case of the
KL2L3/KL2L2 ratios. Concerning the P K-Auger transition energies (Table 2) the
atomic theory fails to give a good approximation for the measured KLM energies, while
these show a strong dependence on the chemistry.

kinetic energy [eV]

Figure 1 Calculated P KLV Auger spectra of LI3P04 (solid line) in comparison with
the respective experimental results (diamonds).

Table 1: P K-Auger intensity ratios
KLL/KLiL, KLVIKLL, KINVIKLL, —~— KLVKLGYV - KIMVYKLMD) KLu\VEZKLIVM

Li,P04 1413 004 0208 0315 0.769 063%6
n«pod 1528 0072 0:214 0.336 0.790 '0468
(N.PQJ, 58 006 0192 0.292 0718 053
GP 59 0L 028 0172 0616 00r7
Red P* 909 - - - - -
PX4(theory) 2529 0068 0176 0.3 150 05

tCLV<e=ICLIM1; KL.VAKL.Mjj ; KLAVAKLAM, ;
"for isolated, neutral atom
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Table 2: P K-Auger transition energies (eV)

KLL(S)  KLLD.) KLM, KLM, KLijM, KL,MU
LijPo4 18432 (05) 18504 (02 19253 (05 1917 (02 19838 (0.3) 199002
n«pod 18440 (04) 1851002 19245 (08) 1919 (0.7) 19836 (0.5) 19996 (02
(NaPO), 18119 (04) 1892 (02 19965 (05 19409 (05 1986 (03 19381 (02
Red Pu 1896 (04) 1873 (02 1938030 1990 (30) 19960 (30) 20060 (10)

PU(theory) 1891 BR1 1960 19349 oL =2

Ps (theory)' 1804 1851 - - - -

[or isolated, neutral atom
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Observation of K-shell Compton effect in
silicon with Si(Li) detector as a live-target

G. Kalinka

As Compton effect takes place primarily on loosely bound outer valence and
conduction electrons, it is applicable to investigation of materials’ structure as
a method called Compton profile determination [1-3]. The contribution of inner
shell electrons [4], though relatively weak, may adversely influence the accuracy
of such measurements, but can be advantageous as well, for example providing
a complementer means of XANES and/or EXAFS for low binding energy K and
L shells, where they are difficult to implement. Knowledge of inner shell effects
is important also from the point of view of X-ray absorption of and transport in
materials.

The energy resolution A E of semiconductor detectors scales as a \/E, whereas
the Compton shift as oc E{, this is one of the reasons why Compton profile mea-
surements are usually made with high energy 7 rays. In practice the lowest en-
ergy used in conjunction with semiconductor detectors is E{ ~ 60 keV (7 from
241Am, or WKai X-ray [5]). In this case the scattered photon energy fall in the
Ef {49,60} keV range, where a Si(Li) detector has a typical resolution of fa
400 eV. Correspondingly, the recoiled electrons are distributed in the e ~ {0,11}
keV range, with an expected jump at EsiKab = 1-838 keV due to the onset of K-
shell Compton scattering, i.e. the process when the energy transferred to a K-shell
electron exceeds its binding energy. Since a small sized Si(Li) detector is to large
extent transparent to scattered photons and the energy resolution is a 100 eV in
this energy range, the effect can be nicely observed with the detector itself as a
live-target as shown in Fig. 1.

The measured (single) Compton recoil electron spectrum C(e), can be de-
scribed with the formalism developed by Seltzer [6] in the following modified form:

da . .
C(e)= I'n(£,0) (0) G(r, iv,0) 2T sin0 do, (1)
Jo dft* " pN

where [da/dfi]j*p” indicates the Klein-Nishina cross section, G is a geometrical
escape factor depending on detector radius r, thickness w and scattering direction
O, mris the available, effective scattering electron density :

E>£io(

n(e, 0) q':a ddzz(e,o) X riidi (pr(e, 0)), 2)

where g,Na and A are the density, Avogadro’s number and atomic mass respec-
tively, pz is the projection of the initial electron momentum p parallel to the
scattering vector, rii is the number of electrons in the i'th shell, E{ab is the binding
energy, and J- is the corresponding Compton profile :



2 G. Kalinka

Ji(Pz) ni(p) dpxdpy. 3)
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Fig. 1. Compton recoiled electron spectrum of 59.536 keV 7 rays from 24LAm measured
with a Si(Li) detector.
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Doubly Differential Cross-Sections For Particles
Ejected From Ar by Positron and Electron Impact

A. Kovér, G. Laricchiat and M. Charlton f

t Department of Physics and Astronomy, University College London, UK

Comparing scattering processes at positron (e+) and electron (e-) impact allows us to
separate the effects of varying the sign of the projectile charge while keeping other
collision parameters (e g. projectile mass) constant. Furthermore e+ - atom collisions can
provide valuable insights into the dynamics of the process since, unlike the situation for
e’ impact, the projectile and the ionized electron are distinguishable.

In the last decades progress in producing low energy quasi-monoenergetic e+ beams has
permitted more detailed investigations of their collisions with atoms and molecules.
However, due to the serious intensity limitation most recent studies have concerned
integral cross sections for single and multiple ionization. On the theoretical side, the
existing double differential cross sections for e+ impact have been calculated mainly for
H target. For other target atoms the only published results have been calculated by the
classical-trajectory-Monte-Carlo (CTMC) method.

In London we have developed an electrostatic system for determining the energy
distribution of particles ejected from 100 eV e* - Ar collisions. The system produces a
guasi-monoenergetic e+ beam moderating the 3+ particles emitted from 3.7 GBq
radioactive source and transports it to the scattering region. The same source and
transport system were used for producing the e’ beam by simple reversing the sign of the
potential on all the lens and gun elements. The target Ar gas emerged from a
multicapillary array. The energy distribution of scattered e+ and ionized €' ejected from
the collision region into forward angles were measured by a retarding field analyzer in
coincidence with the remnant ions. A calibration method was worked out for estimating
the absolute double differential cross sections.

At 30° and 45° the energy distributions of both outgoing particles (e+ and €') were
determined for 100 eV e+ impact on Ar [1]. Furthermore the secondary e’ distribution
were also recorded at 100 eV e‘ impact and found to be in agreement with the data of
DuBois and Rudd [2]. Figure 1 shows the scattered e+ and ejected €' spectra at 100 eV
e+ impact at 30°. The results of the CTMC calculation [3] are also indicated. The
agreement between experimental and theoretical data for the ejected e‘ is good. The
shape of the experimental scattered e+ spectrum, however, does not follow the
theoretical prediction.

Recently Schmitt et al [4] compared the angular distribution of secondary e’ emitted at
the specific energy of 15 eV for both e+ and e- projectiles at 100 eV impact and have
found significant differences at the forward angles for the two projectiles, with cross
sections for e+ exceeding those for e~. Our data, however, suggest a ratio much less than
that found by Schmitt et al [4], although the large uncertainties on the ratios inhibit a
definitive conclusion.



Figure 1 Double differential cross section of ejected € and scattered projectile as a
function of the energy at 30° for 100 eV e' (a) and e+ (b) impact. Symbols:(a)
measured DDCS of e particles in coincidence with Ar+ ions; 0. DDCS data of Dubois
and Rudd [2], (b) measured DDCS of ejected e' particles in coincidence with Ar+
ions; o: measured DDCS of scattered e+ particles in coincidence with Ar+ ions.
:CTMC calculation by Sparrow and Olson [3]
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Study of the Ar LMM spectra by He+ projectile at
1250 keV, 1500 keV and 2000 keV bombardment
energies

L. Toth a, Gy. Vikor a, S. Ricz a, P.Pelicon b and R. Miller ¢

a Institute o f Nuclear Research of the Hungarian Academy of Sciences (ATOMKI)
b J.Stefan Institute, PO.B. 100, Ljubljana 61111, Slovenia
¢ Oak Ridge National Laboratory, PO.B. 2008, Oak Ridge, Tennessee 37831, USA

We have studied the angular distributions of the PCI in the He+-argon collision,
where the velocity of projectile was close to the velocity of Auger-electron.

The measurements were performed on the ESA-21 triple stage electrostatic
spectrometer [1]. This device allows one to measure high resolution electron spectra
simultaneously at 13 observation angles in the scattering plane from 0° to 180° relative
to the beam direction in steps of 15°. The width of the slits in the second stage of the
spectrometer was set to 0.6 mm. The He+ beam was produced by the 5 MeV Van de
Graaff accelerator of ATOMKI. Typical beam currents were 200 nA .The spectra were
analyzed using the EWA computer code [2] and the peaks were fitted an asymmetric
line shape given by Kuchiew and Sheinerman [3]. The peak shape was convoluted with
the spectrometer function, which was assumed to be Gaussian and the width of the
Lorentzian distribution was fixed at 0.12 eV.

The energies of the Auger peaks were determined relative to the LBRM” 3( ™ 2)
line and relative energies agree well with other results [4-6,10], but the relative
intensities of five isotropic L2M~2 3(”~ 0) ,(” 2), ("Pqg 1 2) ~nes deviate significantly
from other measurements and theory [6-10]. Evaluated anisotropy parameters were
determined and compared with the theory of Sizov and Kabachnik et al. [11-13]. In the
measured energy region the alignment parameter predicted by the theory of Sizov and
Kabachnik [13] is close to zero. Our experiment confirm this prediction [10].

The main reason for performing the present experiment was to measure the
shape of the Auger line in the region where the speed of the receding ion is close to the
speed of Auger electrons. The speed of LMM Auger electron of argon corresponds to
approximately 1494 keV He+ impact. Thus, we choose 1250 keV, 1500 keV and 2000
keV impact energies. The measured angular dependencies of the energy shifts produced
by the PCI process are presented in Fig. 1. The theory of Barrachina and Macek [14]
could reproduce the measured data in forward direction. In this measurement, a slight
enhancement was observed in the backward direction, as it was observed by Takéacs et
al.,, [15]. The measured energy shifts are higher than the calculated ones in the
backward direction. One can see that the energy shift is systematically higher in the
1.25 MeV and 1.5 MeV He -Ar collision compared to 2.0 MeV in backward directions.
The higher energy shift can be interpreted as a post collision interaction between the
Auger- and loss electron in the backward direction in both cases.
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Fig. 1. The angular dependence of the energy shift produced by the PCI process.

The solid line presents the theoretical results of Barrachina and Macek [14] for the case
of 1500 keV ion energy.
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The Role of Transfer lonization in the
Emission of Cusp Electrons by Impact of
Low-Energy Protons on Argon

L. Sarkadi, P. A. Zavodszky, J. A. Tanis t, M. Kuzel
L. Vikor $, M. Zhu D. Berényi, J. Palinkas and
K. O. Groeneveld *

As part of a series of systematic investigations dealing with two- (multi-) elec-
tron processes involving continuum states in ion-atom and atom-atom collisions,
in the present work we have measured the contribution of transfer ionization (TI)
to forward cusp-electron production in proton on argon collisions. In general, Tl
is a process where the ejection of an electron (electrons) from the target is ac-
companied by capture of a further target electron (electrons) by the projectile. In
the special case investigated, the electron is ejected in the direction of the particle
beam with a velocity close to that of the projectile. The long interaction time
between the projectile and the electron emitted under such a condition leads to a
singularity in the energy spectrum of the electrons taken around 0°, which appears
as a cusp-shaped peak. The cusp itself is difficult to handle theoretically, and when
it is accompanied with further processes like capture of an electron (electrons) by
the projectile, it represents an even more serious challenge for theory. At the same
time, the study of processes where two or more electrons are activated may reveal
important information about the possible role of dynamical electron correlations
in ion-atom collisions.

In our previous investigations on the same subject, He [1] and heavier ions [2]
were used as projectiles; here we chose protons. The case of proton impact has a
special importance mainly because the proton is the simplest projectile causing the
smallest perturbation, and therefore measurements with protons are unavoidable
for determination of the scaling properties of the studied process. Our further
motivation to use protons was to decide the question [3] whether cusp electron
production leading to a neutral projectile in the final state [4] can proceed via
a direct or exchange mechanism. (For bare projectiles only the direct process is
possible.)

The experiment was performed at the 1.5 MV van de Graaff accelerator of
ATOMKI. The experimental setup (see, e.g., [4] and references therein) consisted of
an electrostatic beam cleaner, a double-stage cylindrical mirror electron spectrom-
eter (angular acceptance: 1.9°; energy resolution: 0.4%), an electrostatic charge-
state selector and a fast particle detector. The principle of the measurement was
that the cusp electron production process via Tl could be identified by detecting
the electrons in coincidence with the outgoing neutralized hydrogen atoms. The
yield of this two-electron process was compared to that of the one-electron ECC
(electron capture to the continuum) process identified by detecting the cusp elec-
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trons in coincidence with the outgoing protons. Special care was taken to avoid
contributions from double-collisions of protons with the target atoms - the coinci-
dence yields were measured as functions of the target gas pressure - and the ECC
and TI yields were determined by extrapolation to zero target pressure.

Fig. 1. TI/ECC ratios for proton and helium impact.

The obtained TI/ECC ratios together with the results of the previous exper-
iment using He+ projectiles [1] are seen in Fig. 1. An interesting feature of the
displayed data is that the rather large difference between the proton and helium
values seen at low impact velocities diminishes with increasing velocity. This find-
ing indicates that at high velocities Tl is due to a single projectile - target-electron
interaction which is followed by a secondary electron - electron interaction.
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X-ray detectors
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Much experimental effort has been expended in attempts to improve our
knowledge of Coster-Kronig (CK) transition probabilities for the L subshells [1].
The two main streams of experimental information were obtained by the syn-
chrotron ionisation method and the K-L X-ray coincidence method. Recent 123
results obtained by the K-L coincidence method have tended to converge and the
overall trend is for the experimental data in the well-studied atomic number region
60<Z<90 to he some 10% below the most sophisticated theoretical predictions viz
the Dirac-Hartree-Slater calculations of Chen et al [2]. The synchrotron ionisa-
tion results for 23 are internally consistent but fall some 20% below the DHS
predictions [1] and are systematically different from the results of the K-L X-ray
method.

In both methods the X-rays were detected by Si(Li) spectrometers. The pur-
pose of this paper is to examine the influence of three factors which have hitherto
been ignored in the interpretation of data from these techniques; the first factor is
the intrinsic Lorentzian energy distribution within a given X-ray line; the second
is the satellite contribution to the X-ray spectra; and the third is the low energy
tail in the detector response function. We studied these effects for uranium and
gadolinium atoms using the K-L coincidence technique on radioactive sources.

The result of a C-K transition is a double vacancy state, which will de-excite
through various decay channels, with the resulting X-ray spectrum containing very
many satellite transitions. The peculiarity of X-ray spectra emitted after vacancies
have been shifted to higher subshells by the CK process is that the main contri-
bution arises from satellites. This differs from the case of direct vacancy creation
by proton or photon beams, where only a very minor contribution is due to dou-
bly ionised atoms. When the L2-L3M C-K channels are open, the spectra contain
LM satellites whose energy separation from the diagram line (singly-ionised atom
transition) can be as large as 50-60 eV for uranium L3 X-rays, while the detec-
tor resolution is around 200-250 eV. This spreading out of the studied transition
impacts differently upon the K-L coincidence technique and the impact ionisation
technique. In the Ko”-L coincidence spectrum, the La satellite compound is fitted
by a Gaussian which may be broader than the detector resolution and can have
a different centroid than the diagram line. In the case of impact ionisation the
spectrum consists predominantly of the diagram line on which is superposed a
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small contribution (5-10%) of satellite spectrum. Here the Gaussian width and the
centroid energy will be determined predominantly by the diagram line spectrum,
and the resulting values will not be precisely appropriate for the superimposed
satellite contribution.

T1'1" T »e
b) L/?i

Lai.2 A
LI

l1..m 1, .m 11%

ENERGY (keV) ENERGY (keV)

Fig.l. The LI-La-LR range of the gadolinium spectra in coincidence with the Ke*i (a)
and Kc*2 (b) transitions. Fig. Ib also showes the fitted lineshape of the L/3i(L2-N4)
transition.

In the case of gadolinium the L3M channels are energetically forbidden. How-
ever here the peaks are closer to each other. The La peak is the main peak in
the Kai-L spectrum (see fig. la), while the Kg2-L spectrum is dominated by the
LBi(L2-N4) peak. The La is positioned on the tail of the LRi peak. This tail is
represented by the full line in fig. Ib.

We concluded for these two examples, that half of the deviation between the
i3 parameters obtained by the K-L coincidence and synchrotron ionisation meth-
ods can be explained by the difference in the data evaluation methods, where the
various lineshape effects have been approximated differently. We found that ne-
glect of the proper lineshapes limits the accuracy of the determination of the 23
Coster-Kronig transition probabilities. Generally, neglecting the various lineshape
components will result in an underestimate of the £3 Coster-Kronig transition
probabilities. We found that the underestimate is larger in the case of the syn-
chrotron ionisation method. This finding shows the same tendency as has been
remarked upon in the comparison of the results of the two methods [1].
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Radiative de-excitation of vacancies in the Li, L2or L3atomic subshells gives
rise in each case to an X-ray series that contains several lines. In any attempt
to work back from an observed L X-ray spectrum to ascertain the initial vacancy
distribution that gave rise to it, the relative transition probabilities are a necessary
ingredient.

The most widely used theoretical tabulation is that of Scofield [1], based
upon Dirac-Hartree-Slater (DHS) atomic wave functions. However an interpola-
tion scheme based on the DF/DHS ratios has been employed [2] to extend the DF
data [3] to all atomic numbers between 40 and 92.

Scofield [4] presented figures comparing DHS predictions for various intensity
ratios to a subset of contemporary experimental measurements. While there was an
overall suggestion that the data exceed the DHS theoretical values, much reduced
error bars would be needed in order to effect a definitive comparison of the two
theoretical treatments.

Several recent developments suggested to us that coincidence measurements
could now be made and interpreted with much improved accuracy, and that in-
dividual line intensities might be extracted with confidence. K X-ray L X-ray
coincidence experiments were performed using two radioactive sources. The first
source was 233Pa, which decays to 233U, and the second source was 15/Tbh, which
decays to 157Gd. The K X-ray spectra were recorded using an Aptec HpGe detec-
tor (FWHM=530 eV at 122 keV), while the L X-ray spectra were recorded with
a Link Analytical pic Si(Li) detector (FWHM=133 eV at 5.9 keV).

With the 233Pa source, twelve coincidence measurements were performed at
10 angles in the range 90°-180°. With the 157Tb source, a single long coincidence
measurement was done, with detectors at 180° and very close to one another. In
addition, singles K and L X-ray spectra were also recorded to high intensities.

The L X-ray coincidence spectra were fitted by a non-linear least squares rou-
tine. Each peak was taken to be a Gaussian distorted at the low-energy side by a
guasi-exponential tailing feature whose two parameters were variables of the fit.
Each combination of Gaussian and tail was convoluted with a Lorentzian distri-
bution representing the intrinsic X-ray lineshape. Although hitherto neglected in
such work, the Lorentzian is in fact the principal contributor to low-energy tailing
in the uranium L X-ray case. We investigated the model-dependence of the results
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by carrying out a large number of fits in which the Lorentzian widths, and the
tailing intensity were varied. This enabled us to enlarge the quoted uncertainty in
a manner that we believe reflects the sensitivity of the results to the model used
to represent the spectrum in the fitting process. A test was made to detect any
systematic error arising from the subtraction of the random coincidence spectra.

Once the relative intensities in the L2and L3series of Gd had been determined
they were employed as fixed quantities in fitting a singles Gd spectrum containing
56 million counts. Given the exceptionally high counting statistics, the quality of
this fit is very good. This exercise provided the relative Lq X-ray intensities. All L
X-ray intensities were corrected for source self-absorption, detector efficiency and
angular correlation.

The line intensity ratios data support the predictions of the DF calculation
[3] rather than those of the DHS model [1]. This preference is particularly clear
for the intensity ratios L2N4/L 2M4 and Lal”s/LalVL”s; these are cases where the
difference between the two predictions is largest compared to the experimental
error estimate.

Our main conclusion then is that these careful measurements, which treat the
detector lineshape in more depth than previous work and which employ very high
counting statistics, support, with one minor exception (L3M1), the DF predictions
of [3] for relative X-ray line intensities. We believe that these intensities should be
used in appropriate data bases rather than the earlier DHS values or values taken
from the experimental survey of [5].

This conclusion has implications for measurements of quantities such as L sub-
shell ionization cross-sections by charged particles, since the interpretation of such
measurements relies in part upon a data base of relative L X-ray line intensities.

Research supported in part by the Natural Sciences and Engineering Research
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ergy Systems, Inc. (Oak Ridge)
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Coherences in decay of autoionizing states
in photoionization
I. Exchange effect between photo- and
Auger electrons

L. Végh, J. H. Macek *

“Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6373,
U.S.A.

In photoinduced Auger decay experiments, in which photo- and Auger elec-
trons have approximately the same energy, an interference effect should occur in
the angular correlation pattern [1]. If the spin-dependent interactions can be ne-
glected and the two electrons participating in the Auger process are in a singlet
state then the photoelectron and autoionized electron are in a singlet state, too.
In this case the orbital state must be symmetric and therefore in a coincidence
experiment between photo- and Auger electron one expects a strong enhancement
for the electrons ejected parallelly and a vanishing or at least reduced coincidence
rate for a relative angle of 180° between the electrons.

Schwarzkopf, Kammerling and Schmidt [2] have reported preliminary results
on the two-step double photoionization in xenon (4ds/2 photoionization followed
by Ns — 023023 150 Auger decay). The relative angle of the electron analysers
was 180°. Due to the pure energy resolution the magnitude of the reduction can
not be extracted from the spectra.

In order to make a realistic comparison with the experiment, we have calcu-
lated the angular correlation in the presence of the exchange term for the general
case. To describe the amplitude of the Auger electron emission following photoion-
ization we use the treatment of Aberg and Howat [3]. For specifying the polar-
ization of the incident light beam we use the density matrix of the photon beam
which is expressed by the three Stokes parameters. We have derived the following
expression for angular correlation between electrons of momenta ki and kr

da 3(2J + 1)
deidi2idi22 47¢

X AKkIk2K(Q1n2)-2Re

The coefficients B(k\k2k) and B int(k\k2n) depend upon geometrical factors
and the dynamics of the double ionization process. The first two terms in with
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B (K\K2K) give the sum of the photoelectron and Auger-electron intensities in the
absence of interference. The term with is the interference term which is the
product of the direct and exchange amplitudes. «*"2k(” 1" 2) depends on the
angles and the Stokes parameters of the photon beams.

The exchange effect is present even when only one electron is detected, but is
strongly reduced by the averaging over the direction of the undetected electron.

References

1 L. Végh, R. L. Becker, and J. H. Macek, Fifteenth International Conference on
X-Ray and Inner-Shell Processes, Knoxville, 1990, Book of Abstracts, D Il. and L.
Végh and J. H Macek, submitted to Phys. Rev. A.

2. V. Schmidt, Sixteenth Int. Conf. on X-Ray and Inner-Shell Processes, Debrecen,
1993 Invited talk.

3. T. Aberg and G. Howat, in Encyclopedia of Physics, Vol. XXXI, edited by S. Fligge
and W. Mehlhorn, (Springer, Berlin, 1982), p.469;

69



70

Coherences in decays of autoionizing states
in photoionization
Il. Coherences of non-degenerate states

L. Végh

Coherence between states of different excitation energies have already been
studied by electron impact excitation of the autoionizing states in the papers of
Van den Brink et al [1]. Their method is based on the occurence of interferences
between scattered and ejected electrons resulting from the electron impact excita-
tion and subsequent autoionization of states concerned. Very recently this group
has published the observation of coherent excitation of non-degenerate levels in
photoionization [2].

We present a theoretical description of the effect. In photoionization coher-
ence occurs between the photoejected and autoionized electrons. We investigate
processes which lead to indistinguishable final states of the residual doubly-ionized
atom. This can be realized by the suitable choice of the synchrotron light energy
Ku. At the proper photon energy the energy of the photoelectron from the chan-
nel with autoionizing state A\ (channel 1) and the energy of the Auger electron
from the channel with autoionizing state A-i are equal, that is Eph\ — Enng2- At
the same time it is true that Eph2 — -EUugi- At the region of this photon energy
the angular correlation of the two final electrons exhibits state-state interference
pattern.

Under these conditions the energy dependence of the cross section exhibits
interference structure due to two paths to the same final state. We present a
theoretical description of the effect. The incident photon beam is described by
the Stokes parameters and the amplitude of the Auger electron emission following
photoionization is taken from Aberg and Howat [3]. The cross section formulae for
angular distributions and angular correlations are presented in paper [4].

This phenomena is of fundamental interest as it provides a new tool for testing
photoionization theories. Both the photoionization and autoionization amplitudes
contain information about the coherence between the two discrete states.
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Model calculation for the ECC peak at
neutral projectile impact

K. Tokési, L. Sarkadi and T. Mukoyama*

Since 1970, the first observation of the cusp-like peak [1] in the energy spectrum
of electrons emitted in ion-atom collisions, the ECC (Electron Capture to the
Continuum) studies have been very intensive and important to understand the
collision dynamics. It was a very surprising experimental result, when Sarkadi et
al. [2] have shown that ECC cusp electrons can be observed for incoming neutral
projectiles.

In the present work we applied the three- and four-body classical trajectory
Monte Carlo method [3-5] to calculate the DDCS for the ECC peak as a function
of the ionized target electron energy at forward observation angles.

In the three-body approximation we used the “frozen” electron model of the
projectile atom. Hydrogen-like wave functions were used to determine the potential
around the projectile. For H(Is) we have:

p-IR
Mmam =1 (+4n), (1)
where R is the distance between the particles.

When the projectile electron is excited to the 2s state, the potential is given

by

e~R (43 R2
V(R\2>]) ~R~{T + T + (2)

Using the full four-body approximation we have not found any peak in the
calculated doubly differential cross section. This result indicates that the e~—e~
interaction in H+H type collisions plays a dominant role in the classical picture.

As a result of the three-body calculation using the equations (1) and (2) for
model potentials of projectile, the cross section for the production of cusp electrons
in the target ionization process by metastable H(2s) atom has been found to be
about ten times larger than the cross section for the same process for ground-state
projectiles H(ls) (in good agreement with the experimental data of Kuzel et al.
[6]). Fig. 1 shows the calculated doubly differential cross section of the ionized
electron of the target atom as a function of the electron energy.
Acknowledgements
This work was performed under the Japanese-Hungarian Cooperative Research
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x10"18

Fig. 1. Cross sections of target ionization at forward observation angle in 25 keV/amu
H+H collision:------ potential (1); ---—--- potential (2). The calculations were made as-
suming 0.5 eV energy resolution and £2° angular window.
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Interpretation of Al KLV and KW Auger
spectra by the help of a cluster type
MO calculation

Zs. Kovacs, L. Kovér, J. Palinkas, H. Adachi*

*Dept. of Metallurgy, Kyoto University, Yoshida-honmachi, Kyoto 606,
Japan

As a result of several recent studies, by now it is well establishedl that for simple
metals with wide bands of s and p valence character core-valence Auger processes obeys
the final state rule according to which the KLiV and Kbr.3Y line shapes should reflect
the screened DOS (density of states) local to the core hole, while the KVV line shape
reflects the final state DOS in the absence of a core hole (e.g. the ground state DOS).

Al KLiV and KL23V Auger line shapes of metallic A1 were measured and the ex-
perimental Al KLV and KVV Auger spectra were interpreted using a DV X-a cluster
type MO calculation2. In the present experiment the AL KLiV and KL23V spectra were
excited by Mo X-rays and measured by using a home built, high luminosity hemispher-
ical electron spectrometer3,4. The experiments were performed on vacuum evaporated
aluminium (111) samples applying in situ Ar+ ion sputtering for surface cleaning prior
to measurements. Structures due to plasmon losses were subtracted from the spectra and
corrections for the inelastic background were made by using the Shirley method5.

Theoretical Auger lineshapes were obtained by using the ground state DOS from
DVX-a MO calculation with O/, (Fm3m) cluster symmetry and a cluster including 22
atoms. The core hole screening effects were accounted for by applying the formalism of
the Green functions and considering an atom with a hole as a point defect in a crystal6.

Fig. 1-2 show the calculated KLV lineshapes based on the respective screened DOS
distributions in comparison with the experimental Al KLiV and KL23V spectra, indi-
cating that the difference between the Al KLiV and KL23V lineshapes is mainly due
to the increase of the s-type partial DOS. In Figs. 3.a. and 3.b. the experimental core-
valence-valence lineshapes, and the calculated KVV lineshape are presented, respectively,
showing a good agrement. Fig. 4. shows the effect, due to the presence of oxygen atoms
adsorbed on the surface, as it is reflected in the calculated Al KVV lineshape.

Kinetic Energy (eV)

Fig.l. The calculated Al KL V lineshape (dots) in comparison +Fig.2. The calculated Al KLo 3V lineshape (dots) in comparison
with the experimental KLU V spectrum (solid line) with the experimental KL? 3V spectrum (solid line)
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Fig. 3.a. Experimental6 Al KW (dots) Fig. b. The Al KVV lineshapes calcu-
and LVV lineshapes (solid lines) lated with a cluster consisting of 14 atoms

Fig. 4. The calculated Al KVV line-shape in the case of the presence of oxygen atoms
adsorbed on the surface
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Generalized Description of the Electron Emission by
Autodetachment in Fast lon-Atom Collisions

P. A. Zavodszky, L. Sarkadi and J. Palinkés

During high-energy ion-atom collisions different processes can contribute to the
electron emission. Electrons produced in a direct process and that via resonances cannot
be distinguished in the final state. This can result in interferences in the cross section,
producing asymmetric line shapes.

A convenient parametrization of the double differential cross section (DDCS)
was originally introduced by Shore, further developed by Balashov et al., and general-
ized by Tweed [1]. According to this parametrization the DDCS in the projectile refer-
ence frame can be written as,

NR
" d2c d2c au(k;)eu+pu(k;>

KAE'edQ'e> 0O0+E |+ sl (2)

where [d2c/dEAdQ'c) is the non-resonant cross section which characterizes the direct

electron detachment process, p. = LMS specifies the autodetaching state with total angu-
lar momentum and spin quantum numbers L, M and S, dQ.[ defines the solid angle of

detection for the ejected electron, ey =2 (E'e- £m)/I' 1, E[ and are the energy and

the momentum of the ejected electron in the projectile reference frame, Ev and 'y are
the energy and the width of the resonance depending primarly on the properties of the
state, ay and Bp are the so-called Shore parameters that describe the shape of the
resonance, reflecting the mode of its formation and decay.

The direct electron detachment (electron loss) alone produces a cusplike peak in
the energy spectrum of the electrons emitted in the forward direction. This peak is cen-
tered at an electron velocity equal to the projectile velocity. Meckbach et al. [2] intro-
duced a series expansion method of the transition amplitude of the cusp-producing
process, obtaining a set of series expansion coefficients free of instrumental effects that
can be compared directly with values obtained in different theoretical models.

Generalizing the above method for the Shore parameters, we obtain:

a, (K)="«vp p,(cos$;), M 0 = 2» p) P.(cose;), (2)
n|=0 Vv py n|=0 VVp
where a”(vp) and bbi\p are the series expansion coefficients, v' and are the velocity

and the emission angle of the ejected electron, vpis the velocity of the projectile, and P,
are the Legendre polynomials.
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For the measured electron yield Y (omitting the p index) we get:

J(v.,v[,9 )= £ [ (v, vp,9.)+*% (v,, vij,,8,) +cjEl- (v, v[,9))], 3)
n,l=o0
where ve and De are the velocity and the emission angle of the ejected electron in the
laboratory reference frame, the u bl functions are similar to that deduced in [2], the W,,,
and V,j functions can be expressed with:

n-1
*n,(v,vB9,) = VB Jf 14?e2|\lj-‘l] F,(cosd ") sinB ed&e, 4)
(.1 1
o .
VL,(v,vp,9.) = 4%Rvl 1 Vs P (cosD'") sin ded&e (5)

VB J 1+e2 kVp>
Here R=AvJveand Saare the relative velocity resolution and the acceptance angle of the

spectrometer.
In Fig. 1 are represented the and Ybifunctions for n, | = 0, 1 for the detached

electron spectrum in He" — Ar collisions [3]. In previous works the Shore parameters
were considered as constants in the resonance region. With the above generalization we
are able to take into account the angular and velocity dependence of the electron emis-
sion during the decay by autodetachment of a negative ion resonant state.

Figure 1. a, b. The functions W,,, and Yol as defined in eqgs.(4-5) for n,1=0,1, £ H=75.3
keV/u, R=0.125%, 3&0.8°, £r=11.5 meV and '=10 meV.
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Quantitative Two-Center Effects In
Single lonisation
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lonisation of atoms by high energy charged particles has been the subject of many
theoretical and experimental studies over the last decade (see the recent review by
Fainstein et al.[l]).

From the theoretical point of view the main difficulty lies in the representation of the
electronic state in the Coulomb field of both the moving projectile and target ion. Only
the asymptotic solution to this problem is known exactly [2,3].

The first Bom approximation (FBA), which neglects the interaction with the
Coulomb field of the projectile in both the initial and final channel (no distortion of the
wave function) is in good agreement with the measured total cross section. However
this model shows important discrepancies with the details of electron emission
especially at small and large emission angles. Different approaches were proposed to
explain these discrepancies. The Born approximation does not satisfy the correct
asymptotic condition, since the final state ofthe ejected electron is described by a plane
wave. It was found that the main discrepancies at small ejection angles were due to the
neglected projectile-ejected-electron interaction [3]. On the other hand, Manson et al
[4] have shown within the FBA the importance of using orthogonal wave functions and
a Hartree-Fock-Slater potential to describe the initial and final state of the ‘active'
electron. The results obtained with this approach improve significantly the agreement
with experiments whenever the interaction of the electron with the projectile in the
final state can be neglected.

To improve the agreement with the more detailed experimental data Crothers and
McCann [5] have developed the continuum distorted wave-eikonal initial state model
(CDW-EIS). In this model the initial state is represented as a bound state distorted by a
projectile eikonal phase, while the final continuum wavefunction is a 'two center'
function accounting for the Coulomb interaction with both the projectile and target
nuclei. This model satisfies the correct asymptotic conditions. Fainstein et al [6] used
this approach within the independent electron approximation to calculate the transition
amplitude for ionisation from arbitrary initial states of an atom. The bound states and
energies of the ‘active’ electron are represented by a Roothaan-Hartree-Fock
approximations, while the interaction between the ejected electron and residual target
ion was modeled by a screened coulomb potential.

In the present work we have generalized the CDW-EIS. Wheras the Coulomb
interaction with the projectile is treated as in previous formulations of the CDW-EIS
method, the interaction of the 'active' electron with the target is represented through a
Hartree-Fock potential, as was done in the FBA of Manson et al [3]. In this way we
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have built a theory including at the same time two-center effects and a realistic
interaction with the target. Calculations have been performed for various noble gas
targets (He, Ne, Ar) and fully stripped projectiles. We reproduce very well the
experimental findings for proton impact as illustrated in the figure showing on results
in comparison with the FBA and experiments for 350 keV H+-Ar collisions.

Figure: Absolute double-differential cross section for electron emission at
electron energies of (a) 46 eV, (b) 100 eV, (c) 308 eV. Full thin curves, PWBA
calculations using Hartree-Fock-Slater wavefimctions [4]; broken curves, PWBA
calculations using screened hydrogen-like wavefimctions; full thick curves,
present CDW-EIS calculations. Experimental points are from Ref. 7.

References

Fainstein P.D., Ponce V.H. and Rivarola R.D.: J. Phys. B24 3091 (1992)

Belkic Dz.:J. Phys. BI 13529 (1978)

Salin A.:J. Phys. B2 631 (1969)

Manson S.T., Tuboren L.H., Madison D.H. and Stolterfoht N.:Phys. Rev A12 60
(1975)

Crothers D.S.F and McCann J.F.:J. Phys. B16 3229 (1983)

Fainstein P.D., Ponce V.H. and Rivarola R.D.: J. Phys. B23 1481 (1990)
Sarkadi L., Bossier J., Hippier R. and Lutz O.D.: J. Phys. B16 71 (1983)

NS

N oo



MATERIALS SCIENCE
AND
ANALYSIS






Surface structure of Al-Sn layered systems
codeposited in the presence of oxygen

L. Kover, A. Némethy, P.B. Barna* and M. Adamik*

*Research Institute for Technical Physics of the Hungarian Academy of Sciences,
Budapest

Recent experiments 1 revealed that codeposition of Sn decreases the sensitivity of
microstructural evolution of Al films to oxygen. The aim of the present work is to
determine the phases developing in this system.

Al films with 20 wt % Sn and with thicknesses of 1.8-2 pm were prepared in
vacuum, evaporating Al and Sn simultaneously onto oxidized Si wafers. The deposition
rates were 2 nm/s for Al and 0.07 nm/s for Sn, respectively, at a deposition temperature
0f 470-480 K and at a residual pressure of (2-4)* 10" Pa. O2 was introduced through a
needle valve increasing the partial pressure to 5*10"" Pa and 13*10” pa, respectively.
The structure of the films was studied by cross sectional (XTEM) electron microscopy on
samples prepared by ion milling. XPS measurements were performed by a home built
electron spectrometer™ with an instrumental resolution of 3*1OA Depth profilings were
made” by an argon ion gun using a beam energy of 4.5 keV and a current between 6 and
23 pA, respectively (in all cases the sputtered area was 1.0 cm?2).

During the codeposition of Al and Sn, the Sn species, insoluble in the Al crystal
lattice, are segregated together with oxygen. Due to the influence of Sn, the self-surface
diffusion of Al as well as the coalescence of Al crystals are promoted, resulting in the
increase in the grain size. At an oxygen partial pressure of ~5*10'3 Pa a solid phase
develops covering the surface of the growing Al crystals (Fig.l)and blocks their growth
at critical grain sizes (the condensation of Al and Sn proceeds by repeated nucleation).
Increasing the O2 pressure to 10"2 Pa during the codeposition, the enhancement of the
formation of this phase and the development of a cermet-like structure”™ is observed
(Fig.2). This can be explained by the more intensive formation 1 of the surface covering
solid phase due to the stronger interaction between the segregated Sn and oxygen species
and Al adatoms.

The results of the XPS depth profile analysis™ reveal that this phase consists of
mainly metallic-like Sn”™ (small particles segregated during codeposition, with a surface
layer consisting of SnC>2), Al metal and Al1203 (Fig.3). In the surface region of films
codeposited at an O2 partial pressure of ~10"2pa, SnC=2 (due to the surface oxidized
segregates) can be found throughout the region investigated (Fig.4).
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Figure 1 Cross sectional (XTEM) image Figure 2 Cross sectional (XTEM) image

of the film prepared by Al and Sn of the AL film prepared by Al and Sn
codeposition at 470 K substrate temperature codeposition on oxidized Si substrate at
and 5*10°3 Pa oxygen partial pressure. 470 K substrate temperature and 10" Pa

oxygen partial pressure.

Figure 3 XPS depth profile of sample 1 (prepared at Pq2 ~5*10"3 Pa).

Figure 4 XPS depth profile of sample 2 (prepared at Pg2 ~1.3* 10'2 Pa).



Measurement of excitation function of
natB (p,x)7Be nuclear reaction for application in
wear measurements

F. Ditroi, A. Fenyvesi, S. Takacs, F. Tarkanyi, J. Bergman*, S.-J.
Heselius*, 0. Solin*
* Abo Akademi Accelerator Laboratory, Porthansg. 3-5, SF 20500 Turku 50, Finland

Boron of natural composition was irradiated to measure the cross section function
of the natB(p, x)7Be nuclear reaction. The reaction is very important from the
point of view of Thin Layer Activation (TLA) technique to monitor the wear of
boron containing superhard materials (e.g. BN)[1]. The aim was to determine the
cross sections of the above reaction in the energy region used in wear measurements
because practically there are no cross section data available below 10 MeV for these
reactions.

The irradiations were performed by using stacked foil technique. The targets
were prepared from Ni-B-Si (78.0 %, 14.0 % and 8 % respectively) metallic glass
foils (manufactured by Goodfellow) with a thickness of 25 pm. The composition of
the foil was checked by using PIXE and REA analysis. Aluminium foils of 50 pm
thickness were inserted into the stack for separation the target foils and for covering
the whole energy range. Copper foils of 10 pm thickness were used to monitor the
beam current and energy in different depths of the stack.

The irradiations were performed at 18.0, 14.5 and 12.0 MeV incident proton-
energies on an MGC-20 type isochronous cyclotron. The irradiation times took
about two hours at 200 nA beam current.

Standard high resolution gamma spectrometry was used to measure the activity
of 7Be produced in the target foils. The correct impact energies at each foil were
calculated, and the cross section at a given energy was derived from the activity of
the given foil. A smooth curve was fitted on the measured data, and the results
were compared with the available cross section data and tick target yield published
in literature.

1. F.Ditr6i, S.Takacs, L.Vasvary, I.Mahunka, under publication in NIMB

81



82

Remeasurement and Compilation of Excitation
Function of Proton Induced Reactions on lron for
Activation Techniques

S. Takéacs, L. Vasvary and F. Tarkanyi

The knowledge of the quantity of the produced radioisotopes and secondary
particles is very important for various practical applications of the charged particle
accelerators: thin layer activation technique (TLA) for monitoring and measuring wear
and corrosion, nuclear safety, charged particle activation analysis, flux and energy
monitoring of bombarding beams, production of radioisotopes for medical and other
applications, production of radioactive particle beams. These applications require the
use of special standards, or knowledge of relative distribution of the produced activity.
However, in several applications (e.g. monitoring of the flux of charged particle
beams, radioisotope production, radiation safety work) absolute values are necessary.

Excitation functions of proton induced reactions on raFe(p,n)5Co have been
remeasured in the energy region up to 18.0 MeV using stacked foil technique and
standard high resolution gamma-ray spectrometry at the Debrecen MGC-20E
cyclotron. Compilation of the available data measured between 1959 and 1993 has
been made. The corresponding excitation functions have been reviewed, critical
comparison of all the available data was done to obtain the most accurate data set.

The feasibility of the evaluated data set was checked by reproducing
experimental calibration curves for TLA by calculation (Fig. 1).

19

c 1D0 2C0 300 400 590 6(10 7C0 &0 9CO 1000 1100 1200 1300 1400
Depth inmicrons

Figure 1. Measured calibration curves for iron at different incident proton energies and calculated
curves (solid) based on the recommended values of the excitation function of the rafFe(p,n)3Co reaction.



Study of Static and Dynamic Effects in Gas Targets

F. Tarkanyi, S. Takacs, S-J. Heselius*, O. Solin*

and J. Bergman*
* Accelerator Laboratory, Abo Akademi, Porthansgatan 3-5, SF-20500 Turku, Finland

Beam shape in equilibrium state

Several experimental methods have been developed to study the interaction of
charged particles with gaseous material on the basis of measurement of the activity of
the produced radioisotopes, secondary neutrons, heat, charge, emitted light and change
of density, temperature, refractory indexes, etc. The video technique and charge
distribution measurement used allowed us to study both the transient effects and the
equilibrium state of the penetrating beam in gaseous targets at horizontal and vertical
arrangements.

In the present work a target chamber equipped with plexiglass window for optical
study and with an isolated electrode for charge collection was used to study the emitted

light and the charge distribution along the beam

axes simultaneously. The charge was integrated at

up a given position along the chamber at different
angles in a plane perpendicular to the beam

direction to confirm the asymmetry of the

horizontal beam observed earlier. The measured

charge distribution was found to be asymmetric in

good agreement with the optical studies (see Fig. 1).

The symmetric distribution of the emittejl

light at vertical irradiation position is clearly seen

in Figure 2. in accordance with the expectation, i.e.

270 due to symmetric upward mass transport and
down symmetric density reduction in vertical irradiation
Figure 1. Angular distribution of the collected pOSItIOI’I.

charge in a plane perpendicular to the beam axes at
horizontal irradiation arrangement.

Investigation of dynamic effects

The transient effect of the first period of the interaction of charged particle beams
with the target gas was investigated both at horizontal and vertical irradiation
arrangements. The process was investigated by recording the emitted light with a
videocamera. The recorded pictures were digitized and evaluated with commercial image
processing programs. The penetration of the beam was followed continuously from the
very first impact after opening the beamstop. The beam current and the target pressure
were recorded simultaneously. Figures 2 and 3 present the views of light emission for
the first 1 sec period of time at horizontal and vertical beam arrangements respectively.
From the detailed analysis of the records the following conclusions can be drawn.
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The beam has a symmetric shape at the very
beginning of the interaction and has short range in both
irradiation geometry. Then the beam path gradually
expands and reaches a maximum. After the maximum
has been reached the path of the beam contracts back to
a minimum length, which is longer than the absolute
minimum at the beginning, then the range rises slowly
and reaches an equilibrium state between the maximum
and the minimum ranges.

Not only the range, but the shape of the beam

_ changes gradually especially in the last third part of the
Figure 2. The shape of proton beam at . . .. . .
horizontal and vertical irradiation 0€am path in both irradiation geometries. In horizontal
arrangements (Ep=8 MeV, Ip=58 pA,  jrradiation geometry the shape of the end of the beam
farget=Ar, initial pressure=7 bar). varies from a rounded form to an asymmetric and at the

same time the farthest point of the beam shifts upwards.

In vertical irradiation geometry the earrly round shape changes to an arrow form and then
takes up a round shape again.

With measuring the pressure no oscillation was found. The time scale of the
oscillations of the range was in seconds and the used pressure transducer was linear up
to 3 kHz.

The optically observed range oscillation was verified and reproduced by charge
measurement. Searching the reason of the observed oscillation we measured the build up
of the beam current on solid target in time. The beam current has reached its maximum
during a much shorter period of time on solid target than the period of the oscillation in
gaseous target, therefore, the observed oscillation effect cannot be explained by the finite
speed of the beamstop, opening the way of the beam, consequently other physical effects
may participate in the interaction of charged particle beams and gaseous materials.

Figure 3. Change of the beam shape during the first few seconds time period at horizontal (left) and at vertical (right) beam
arrangement (1, 5, 15, 30, 60 frames At=1/24 sec/frame).
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Progress Report on Nuclear Data for Application

F. Tarkanyi, S. Takacs, F. Szelecsényi, Z. Kovacs, Z. Szlcs,
T. Molnér, A. Fenyvesi and F. Ditroi

During 1993 significant progress has been made in the development of new
experimental facilities, in measurement of new nuclear data and in the collection and

analysis of the published data related to practical application.

Development of methods and instruments

Development of an automatic sample changer has been started for automatic
measurement of gamma spectra of series of targets irradiated at the cyclotron. The aim
of the work is to assure more economic use of the cyclotron, the measuring equipment
and the manpower.

A new beam line and a new monoenergetic neutron source has been installed,
in collaboration with Kossuth L. Univ., which gives new and upgradeed possibilities
for measurements of nuclear data of neutron induced reactions.

New experimental results

Investigation of proton and deuteron induced reactions on natural Te and 12Te
have been started for production of 13 and 12.

Excitation functions of proton induced reactions on enriched 124Te have been
measured for optimisation of production of 12 in collaboration with the Institute of
Nuclearchemie, Forschungscentrum Jilich GmbH, Jilich, FRG.

Measurement for determination of cross sections of 12Sb(a,n)l24 nuclear
reaction has been performed to investigate it as an alternative production route of 1.

To monitor the wear of boron containing materials the cross section of the
B (p,x)7Be nuclear reaction has been studied in collaboration with the Accelerator
Laboratory of the Abo Akademi, Turku, Finland.
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Dynamic effects ofthe interaction of high intensity charged particle beam with
thick gas targets was studied in collaboration with the Accelerator Laboratory of the
Abo Akademi, Turku, Finland.

To complete the data-base and to resolve the contradictions in the cross-
section/yield data, measurement of the excitation functions has been started for
@Zn(p,n)88Ga, 6Zn(p,2n)@5a, 8Zn(p,3n)&@Ga and @&Zn(p,2n)6/Ga nuclear reactions in
collaboration with the cyclotron Laboratory of the Mount Sinai Medical Center, Miami
Beach, USA.

Data compilation and evaluation

In collaboration with the IAEA Nuclear Data Group the evaluation of cross
sections of the charged particle induced reactions in the EXFOR format has been
continued.

Compilation and evaluations of the total cross sections of proton induced
nuclear reactions on @&Zn, 6Zn, 68n and on natural Zn targets have been performed to
provide a consistent and well documented set of cross section data for routine isotope
production, nuclear analytical and wear measurements in collaboration with the
Cyclotron Laboratory of Mount Sinai Medical Center, Miami Beach, USA.

Compilation and evaluations of the cross sections and thick target yields data for
production of medically important cyclotron produced 1IIn radioisotope via light
charged particle induced nuclear reactions were performed in collaboration with the
Cyclotron Laboratory of Mount Sinai Medical Center, Miami Beach, USA.
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Wear measurement with implantation
of radioactive nuclel into plastic and
ceramic materials

F. Ditroi, 1. Mahunka

It is possible to measure and follow the wear of different materials containing
such elements in major or trace constitution, which can be easily activated by
using the available accelerators [1]. In this case the tracing radioactive nucleus is
generated from the sample material itself. Depending on the constitution of the
sample with a relative short irradiation time and low beam intensity a very long
measuring period can be produced.

In other cases, when the material of the sample can not be so easily activated,
the method of implantation of radiactive nuclei can be used. These materials
are the plastics and some types of ceramics, which are nowadays widely used in
machinery and as structural material. Their wear, corrosion and erosion must be
also measured and tested in different circumstances.

The implantation can be so performed, that a thin foil is placed in front of
the sample, containing the suitable element for producing the chosen radioac-
tive nucleus. The type and energy of the bombarding particle must be chosen
so, that the reaction, producing the radioactive nucleus could be performed at
an appropriate yield, and because of the kinematic effect of the collision an ap-
propriate part of the produced radioactive nuclei could be hit out from the foil
and reach the surface of the sample with a proper impact velocity. To avoid the
direct beam-impigne on the sample surface a beam-stop must be used in zero
degree direction. Only the projectiles scattered in an angle larger than the angle
determined by the beam-stop geometry can hit the sample-surface. The whole
implantation must be performed in high-vacuum because of the short range and
big stopping power of the heavy projectiles. The produced activated area because
of the beam-stop will be a ring, the radius of that depends on the sizes of the
beam-stop and the distances between the sample, the implantation foil and the
beam-stop.

The produced activity in the sample generally lower than that with direct
activation, but because of the nature of the implantation it contains no disturbing
radiation.1

1. F.Ditroi, S.Takacs, L.Vasvary, I.Mahunka, under publication in NIMB
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Investigation of Silicon with (p,p’)
resonance scattering in (110) direction

F. Ditr6il, J.D. Meyer*, R. Michelmann*, D. Kislat*, K. Bethge*

Mnstitut fur Kernphysik der Universitdt Frankfurt

Crystallic Silicon samples were investigated both in channeling and random
directions by using the (p,p’) resonance scattering at 2.3 MeV bombarding energy.
The samples were positioned in the scattering chamber of VdG accelerator after
2 m collimating path. The channeling direction was adjusted using 1.4 MeV
4He particles. The backscattering spectra were measured in 156° direction with
surface barrier semiconductor detector. The peaks due to the resonance at 2.1
MeV were measured at different angles in the vicinity of the channeling and
random directions.

A peak shift and broadening was seen at the channeling and near channeling
directions compared with the random one. The spectra were also simulated us-
ing our modified Monte-Carlo calculation method for stopping, range and energy
distribution in highly ordered materials. The capability of the method was tested
on single range and distribution calculation at the MeV energy range. The ex-
perimental spectra were simulated using this method, and the energy shift and
the broadening between the random and the channeling spectra were compared
and explained.

It was determined that the resonance-peak moves downwards by reaching the
perpendicular impact (0° impact angle = channeling direction) and it becomes
wider at the same time. This phenomenon can be explained by using our theory
for the channeling energy loss of charged particles in crystals [1, 2, 3]. The
dependence of the energy distribution after a given path in the material from the
impact angle has been proved with these experiments and simulations. The plot
of the calculated spectra is seen in Fig. 1., the angles between 0°-1° are inside of
the channeling dip, the 8° considered as random direction.1

1This work was partly supported by the Alexander von Humboldt Foundation



Fig. 1 Calculated resonance backscattering spectra from 2.3 MeV proton Bombardment
of Si crystals in different near-channeling and random directions (0°-8°).

1. F.Ditroi, J.D.Meyer, R.W.Michelmann, D.Kislat, K.Bethge, ATOMKI An-
nual Report, 1992. p. 78.

2. F.Ditroi, J.D.Meyer, R.Michelmann, D.Kislat, K.Bethge, under publica-
tion in NIMB

3. J.D.Meyer, R.W.Michelmann, F.Ditroi. K. Bethge, under publication in
NIMB
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Monte Carlo simulation of electron
spectrum of Al near the elastic peak

T. Mukoyama“ and K. Tékesi

In the last several years the study of the inelastic processes in the frame of the
electron solid interactions are in the centre of the interest. A quantitative descrip-
tion of the spectra of electrons after scattering processes from solid is interesting
in different fields of electron spectroscopy.

A variety of Monte Carlo simulations of electron scattering have been describe
in different papers [1-8]. The frequently used continuously slowing down approxi-
mation [6] could not count the fine structure of the backscattered electrons. Many
different kinds of approximations could take into account the individual scattering
processes, for example Shimizu et al. [1] described one way which was used in our
study [9].

Our goal is to define the complete inelastic processes which can describe the
magnitudes and the shapes of the inelastic peaks near the elastic peak. Our inves-
tigation goes up to cc. 100 eV from the elastic peak. In this region the results of the
calculation are very sensitive to the computation methods used. The calculation
was made at 5000 eV primary electron energy in amorphous aluminium sample.

Fig. 1 shows the calculated and the measured electron spectra. It is clear
from the figure that the present model can well reproduce the magnitude and
the shape of the experimental electron peaks. The small discrepancy between the
calculated and the measured position of the plasmon peaks is ascribed to the
difference between the calculated and measured plasmon energies.
Acknowledgements
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Project.
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Fig. 1. EN(E) spectra of the amorphous aluminium sample near the elastic peak.
----- measured by Némethy with ESA-31 electronspectrometer [10] ; O calculated (The
spectrum was convoluted for finite relative energy resolution:
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Monte Carlo code for the study of charged
particle-solid interaction

K. Tékési and T. Mukoyama“

A Monte Carlo (MC) code was developed and tested to study electron (and
may be other charged particle) solid interaction process. The program is based
on the algorithm similar to that of Shimizu et al. in ref 1. The trajectories of the
primary electron and created secondary electrons were traced in the solid.

The elastic scattering process was simulated by using the Rutherford screen-
ing type cross sections. The screening parameter was calculated in the Wentzel
type form. The inelastic process was divided into four different parts: core elec-
tron excitation, valence electron excitation, bulk plasmon and surface plasmon
excitation. The simulation of the core electron excitation process was made by
the Gryzinsky semiclassical differential cross sections [2]. This model describes the
ionization cross sections for electrons of K and L shells with acceptable accuracy.
For the calculation of the distribution of conduction electron excitation the Stre-
itwolf [3] excitation function was used. This function is simple and a resonantly
accurate expression to represent the above scattering process. The mean free path
for the excitation of bulk plasmons of energy Ep the expression derived by Quinn
[4] was used. The same form was used in the case of surface plasmon excitation
with energy Ep/\/2 as in a bulk plasmon excitation.

The angular deflection of the particle track in each scattering event is specified
by the polar and azimuthal scattering angle, B and € defined as usual, i.e. as seen
in the reference frame with the polar axis parallel to the velocity of the particle
before the interaction. Each collision in the specimen is determined by 5 random
number. By the help of these random numbers the following parameters were
described: 1. the point of interaction, 2. the collision type, 3. the azimuthal angle,
4. the spherical angle, 5. the energy loss (if the observed collision is inelastic). The
Fig. 1 shows the flow diagram of the calculation.
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K. Tokési and T. Mukoyama'

Flg 1. Flow diagram of the Monte Carlo program which simulate the primary electron
and secondary electron trajectories. N and L denote the number of histories and the
number of steps of the tracing electron, respectively, Nm and Lm are their maximum
values. N,, is the number of secondary electrons, z is the depth of the tracing electron, E
is the kinetic energy of the electron and Ec is the cut-off energy.

References

aDivision of States and Structures, Institute for Chemical Research, Kyoto

University, Uji, Kyoto, 611 Japan

1 R. Shimizu, Y. Kataoka, T. lkuta, T. Koshikawa and H. Hashimoto; J. Phys. D:
' Appl. Phys. 9 (1976) 101

2. M. Gryzinski; Phys. Rev. 138 (1965) A336

H.W. Streitwolf; Ann. Phys. Leipzig 3 (1959) 183

4, J.J. Quinn; Phys. Rev. 126 (1962) 1453

w

93



94

Does really exist absolute dead layer in
Si(Li) detectors ?

G. Kalinka

There has long been a puzzle about the existence of an absolute silicon dead
layer beneath the metal entrance window of Si(Li) X-ray detectors, which does not
contribute to the spectrum at all, i.e. which exhibits an 7= 0 charge collection
efficiency.

While earlier experiments concluded —0.2—0.5 /xm Si dead layer thickness
from either a jump in the detection efficiency vs energy curve at the SiKab edge
[1,2], or from directly detected so called internal SiK radiation excited in the dead
layer [3,4], later experiments could only give an ever decreasing upper limit with
the latter method [5-8], the latest results being < 2 [9] and < 0.4 nm [10]. In a
recent model therefore no assumption of the existence of such a layer was made at
all [11].

Our results [12] confirm the above observations. We have investigated a ‘room
temperature aged’ Si(Li) detector which had an extremely thick ( 80 /xm) de-
compensated, original p-type region under the Au entrance electrode. At 300 V
detector bias 4.8 /xm of it was still undepleted, i.e. free of electric field, and there-
fore it would have been rashly considered to be an absolute dead layer.

Really, the observed internal SiK intensity could be described well with —
4.8 /xm [12], but careful examination revealed small systematic upwards energy
shift of this line relative to external SiK energy with increasing excitation energy
(Fig. 1.). This is clearly related to low, §  0.014, but nonzero collection efficiency
of photoelectron created e-h pairs in this region - primarily by diffusion.

Theory [13] also supports this result : 7> 0 at any depth in the field free
region, and 7= 0 at only the surface if it behaves as an ideal drain.

At 440 V bias this decompensated region became fully depleted, internal SiK
intensity reduced to zero, and its energy tended to reach primary excitation energy,
i.e. 7 approached its bulk value. At even higher voltages, a situation typical of a

good quality detector, no field free region, consequently no absolute dead layer
exists any more !
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Fig. 1. Shift of the internal SiK energy versus created photoelectron energy in the case of
4.8 /im thick undepleted region underneath the Au entrance electrode of a Si(Li) detector.
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M odifications in PIXYKLM Program
Package

Gy. Szabd, |. Borbély-Kiss

The PIXYKLM program package, described in [1] and [2] has been improved
on the bases of our experience obtained during the analyses of high number of
samples last year. Changes were done to extend the applicability of the program, to
increase the authenticity of concentration data and "goodness” of the fit, moreover
to make easier the user’s work.

To achieve these purposes the following modifications have been performed in
the program package:

1. The changes in the stopping power calculation, according to the method
described in [3], made it possible, that the program package can be used for any
kind of projectile even in case of thick samples, if the concentrations are calculated
on the bases of K or L lines. (When M lines are used for concentration calculation,
the program works only in case of proton bombardment, see [1].)

2. The number of lines to be fitted automatically has been increased for both
K and L lines and the contribution of KLM and KMM radiative Auger process has
been considered, too. These changes required the extension of data base and the
modification of the iteration procedure for substitution of missing data (in some
cases), in order to increase the accuracy of data.

3. In case of aerosol analysis, the obtained elemental concentrations can au-
tomatically be corrected to the elemental concentration of the blank filter. This
process can be used in case of other sample as well.

In consequence of simplifications and modifications in some numeric process,
performed in the program the running time decreased with 20-30%, specially in
case of successive fitting of similar type of spectra.

References

1. Gy. Szabd, I. Borbély-Kiss: Nucl. Instr. Meth. in Pliys. Res. B75 (1993) 123.

2. Gy. Szabd, I. Borbély-Kiss: ATOMKI Annual Report (1992) 84.

3. I.LF. Ziegler, I.P. Biersack, U.Littmark, The Stopping and Range of lons in Solids,
in Stopping and Ranges of lons in Matter (Ed.: I.F. Ziegler) Vol.l. Pergamon Press,
1985.



Production and Magnetic Properties of
Nanocrystalline Fe and Ni

L. Daréczi *, D.L. Beke * G. Posgay *and M. Kis-Varga

‘Department of Solid State Physics, L. Kossuth University, 4010
Debrecen, P.O. Box 2., Hungary

The nanostructured materials and their properties are widely studied in the
last years. Different methods of their synthesis result in materials with promising
features. These are manifested in magnetic behaviour too, and their study is one
of the most important topics of recent investigations [1-8].

The magnetic properties of pure nanocrystalline iron [9] and nickel, produced
by ball milling and by heavy cold deformation was investigated by magnetization
measurements at low temperatures and by Barkhausen-noise technique at room
temperature as well.

Powders with different grain size were produced in a vibratory ball mill under
vacuum. The average grain size (D) was measured by X-ray diffractometry with
CuKa radiation using a double peak Warren-Averbach analysis [10], and with
M oK a radiation using Voigt functions for profile fitting [11].

The bulk samples were prepared by combining cold rolling (using a profile roll)
and torsional deformation of the pure element wires.

The magnetization measurements of powdered samples showed that the satu-
ration magnetization is independent of the grain size and the temperature, which
IS in contrast to the results described in [1].

The results of the Barkhausen-noise experiments on powders are shown in Fig.
1 and Fig. 2. The coercitive force (Hc) of Fe and Ni shows different behaviour as
the grain size decreases but their saturation values are close to each other. The
sharp decrease of Hc for Ni at small D values is in agreement with the random
anisotropy model [12] according to which the magnetic softening starts where D is
comparable with the domain wall thickness d (d*i > dpe). The saturation values
of the Barkhausen-noise (MBN) have a maximum in the grain size region of 10-100
nm. In case of Fe however, a saturation-like curve is also possible, because the high
MBN values may be caused by texture.

In case of cold rolled samples the change of Hc with the grain size is much
more less, and the MBN showes an inverse and more moderate change with the
grain size as compared to the ball milled powders. This behaviour is probably
related to the texture produced by rolling.
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Fig. 1. The coercitive forces of Fe and Ni as a function of the grain size.

Fig.2. The saturation values of Barkhausen-noise as a function of the grain size.

References

H. Gleiter, Nanostructured Materials 1 (1992) 1

H.-E. Schaefer et al., Nanostructured Materials 1 (1992) 523

S. Gangopadhyay et al., J. Appl. Phys. 70(10) (1991) 15

S. Gangopaghyay et al., Nanostructured Materials 1 (1992) 449
Huang Ying Kai, PhD Thesis, University of Amsterdam

C.R. Albedo and P.W. Selwood, J. Appl. Phys. 32 (1961) 229S
G. Herzer, Journal of Magnetic Materials 112 (1992) 258

V.A. Pavlov, Phys. of Met. and Metall. 59(4) (1985) 1

L. Daroczi et al., Nanostructured Mat. 2 (1993) 515

H.P. Klug and L.E. Alexander, X-Ray Diffraction Procedures, John Willey, New
York (1974)

11.  J. Végh, Thesis, Debrecen (1990)

12. G. Herzer, Mat. Sei. and Engin. A133 (1991) 1

©oOoN TR WN PR

[y
©

98



Electromagnetic response of
Bi(Pb)SrCaCuO superconducting granular
films

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

Magnetic flux dynamics of vortex lattice in granular superconducting sys-
tems poses interesting questions of vortex lattice structure, order-disorder transi-
tion in the structure, chaotic dynamics, dynamical symmetry breaking, etc. HTSC
thick films are good candidates to observe these phenomena. In our study screen-
printed Bi(Pb)SrCaCuO HTSC films of film thickness of 30 pm were used. Av-
erage grain size was 10 pm, so the film could be regarded as randomly arranged
quasi-2D Josephson junction array. The superconducting phase was the 2232 with
Tc ~ 100K. Static electric field generated in the superconducting film was sys-
tematically studied as a function of temperature, DC transport current density,
external static magnetic field and external radiofrequency field. The DC magnetic
field was changed from 0 to 5 T and the temperature from 42K to 120 K. The
external Rf field frequency ranged from 5 MHz to 500 M Hz, its amplitude from
zero up to 1 pT. The spatial average of electric field was determined from voltages
measured in longitudinal and transversal directions relative to the DC transport
current. The main features of electric field generation are:

Three different regimes can be distinguished on the current-voltage charac-
teristics: the coherent state with zero longitudinal and transversal voltage, the
paracoherent state with linear dependence of longitudinal voltage on excess cur-
rent (displaced linear branch) and the resistive state. In the latter case excess
fluctuation of longitudinal voltage at fixed external conditions was observed and
interpreted as the chaotic flux dynamics in the biased Josephson junction network.

The voltage transversal to the transport current was observed (see fig 1.) and
its sign change behaviour was established not only in the temperature range near
Tc but at much lower temperatures, too. It was experimentally proved that the
sign change is a universal feature of the transversal voltage in HTSC films.

Longitudinal DC voltage was observed if the sample was exposed to RF field.
The basic effect of RF field was the modification of the static current-voltage
characteristics. This modification is typically the increment of the DC voltage
compared to values measured without RF irradiation. The most exciting feature
however was that static DC voltage appears even in the absence of DC transport
current as shown in fig 2. The explanation of this ’rectification effect’ can be based
on the inverse AC Josephson effect. The comparison of excitation frequencies and
measured voltages point to a high degree of syncronization of individual Josephson
oscillators in the granular system.
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Fig. 1. Magnetic field and temperature dependence of the Hall coefficient of a screen-
printed Bi(Pb)SrCaCuO film

Fig. 2. Dependence of the DC voltage generated under RF irradiation on the excitation
frequency at different (including zero) DC transport currents
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Mass spectrometric method for monitoring
ecophysiological responses of reed

S.Bohatka, Gy. Lakatos*, M. Makadi* and M. Simon

*Department of Ecology, L. Kossuth University, Debrecen

The reed [Phragmites Australis (Cav.) Trin ex Steudel] is considered as a com-
mon species all the world over. In Hungary the reed stands of large extension can
be found in the shorelines of the shallow lakes. These most important plant com-
munities (Scirpo-Phragmitetum) in the littoral zone of shallow lakes play multifold
role in the preservation of nature and environmental protection. The effectivity of
reed belt in improvement of water quality and management is enhanced by the
periphyton formed on the under-water parts of reed [1, 2].

Although it was already more than 20 years ago when reed decline was first
observed in Hungary, serious damages have been reported since the early 80’s and
mostly on large lakes [3].

As the accelerated and large-scale reed decline is a great problem of environ-
mental protection and nature reservation, many research institutes and scientists
make efforts in this field [4, 5]. Since the main reasons of reed decline have not
been revealed in detailes, simulation laboratory experiments are going on for the
better understanding of the ecophysiological responses of reed species to different
environmental conditions, and to search the most effective means in prevention of
the deterioration processes in reed communities of our lakes.

An experimental method and instrumentation have been created in ATOMKI
for the mass spectrometric measurement of gases in living plants [6, 7], and the
method is applied for reed. The individuals are bred in pearlite substrate in plastic
boxes (45*20*15cm) placed in a phyto-chamber. Only water and Hutner nutrient
are added. Optimizing propagation and breeding conditions as well as the adequate
sampling process have been established. A quadrupole mass spectrometer is used
to measure the gases in the livig plants.

The analyser system is based on the equipment described earlier [8]. The mass
spectrometer has been changed for a computer controlled quadrupole MS (type
PCQ-300, ATOMKI). Mass scans in a preset range and single ion monitoring are
available. Oxygen and COZ2are the key components but N2and Ar are also moni-
tored. The latter ones are used as normalizing factors in long measurements (sev-
eral weeks or months), when signals are inevitably subjected to changes because
of temperature variations and the usual drift of such systems.

Culms and rhizomes of the reed samples are drilled and the small probes
(diameter 2mm) are introduced into the holes. Wounds are sealed with plaster
to block gas exchange and water penetration through the holes. Probes are also
located in the substrate. Intensive gas exchange is suspected between the plant
and substrate. Intensive changes in 0 2and C02 are detected in the culms during
light and dark periods due to photosynthesis and respiration (Fig.l a and b). The
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Time (min) Time (min)

Fig. 1. Change of O2and CO2in the rhizome of the reed in successive light and dark
periods (a), and calculated CO2/O 2ratio in a short time interval (b).

time (min)

Fig. 2. Change of O2 and CO2 when the probes are put from ambient air into the
substrate to a depth of 12cm and 5cm, respectively. Sudden peaks on the CO2 curve

coincide with watering.

amplitude is increasing in the lower internodes. CO2 concentration is remarkably
high in the rhizomes and consequently in the substrate (Fig.2).
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Physiological responses to physical, chemical and other simulated environmen-
tal effects are recorded as changes in O2 and CO2 concentration. The measure of
this change and the slope of the curves (response time) are characteristic to the
effects.

This work was supported by the Hungarian Scientific Research Foundation,
OTKA, contract no. T 006234.
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Geochronolofiical studies with the K/Ar
method in 1993

K. Balogh, E. Arva-S6s, Z. Pécskay

Lower and Middle Miocene ages were measured on Tertiary tuffs from
the Mecsek Mts., this is an evidence against the existence of Paleogene
volcanic rocks in that region (1). In the Baia Mare region the Sarmatian
volcanic activity is restricted to the SW and SE parts of the region, while the
Pannonian andesitic volcanites cover greater area. Pannonian age (9 Ma) was
measured on the youngest volcanic rock in the Baia Mare Region, thus, the
Pontian and Pliocene ages supposed earlier were not confirmed (2). Badenian
age (~ 14 Ma) was measured on basalts from borehole Balatonmaria-1 (3).

In cooperation with Tanta Univ., Egypt (M. F. Ghoneim) and JATE,
Szeged (T. Szederkényi) upper Proterozoic ages of 656 to 562 Ma were
measured on biotites irom Nubian granites. Results from the Sopron Mts.
suggest, that the Sopron Micaschist Formation was in an elevated position
when the Austro-Alpine Nappe System was formed (Coop.: MTA GKL,
Budapest, 1. Dunkl). Continued the chronologic study of Mesozoic magmatic
rocks in Hungary and adjacent areas: in the Mecsek Mts. (Coop.: ELTE,
Budapest, I. Bilik), the Transdanubian Central Mts. (Coop.: ELTE, Budapest,
S. Jozsa, Gy. Szakmany), in the Great Hungarian Plain (Coop.: MOL Rt,
Budapest, A. Nusszer), and in the Moravian-Silesian Beskides (Coop.: ELTE,
Budapest, I. Kubovics, Sz Harangi. Cretaceous and Jurassic ages were
measured in all of these areas, a part of the younger corresponds to tectonic
events. Upper Cretaceous, Oligocene-Miocene and Badenian ages were
measured on igneous rocks from NE Croatia (Coop.: Inst. Geol., Zagreb, J
Pamic). Alpine magmatites from Poiana Rusca Mts. (Southern Carpathians,
Romania) resulted ages from 110 Ma (gabbro) to 68 Ma (monzodiorite)
(Coop.: Univ. Bucharest, G. Cioflica). 14.8 £ 0.3 Ma was measured on biotite
from Badenian tuffs in the Borsod region (Coop.: Hung. Geol. Inst., Budapest,
M. Bohn-Havas). 5.37 Ma age was obtained by isochron method on the basalt
of Kissalgo, Nogréad, this proves that volcanic activity started here earlier and
lasted for longer time than it was believed up to now (Coop.: ELTE,
Budapest, Cs. Szabo).
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Daily and home external exposure in the
Bryansk region

l. Uray

As a consequence of the Chernobyl catastrophe there are large territories,
where the population has to learn to live together with a high level of contami-
nation. Nowadays the presence of the radiocesium results in a higher internal and
external exposure for the population living in those territories. These two dose
components show however quite different characters. For an incorporation of the
activity one has to eat contaminated meal, consequently the internal exposure is
avoidable by consuming clean food. More serious is the external exposure: it is a
direct consequence of the contamination level of the environment, and one cannot
”cut off ” the external radiation. Therefore all knowledge by which the external
exposure can be decreased is very important. The external dose is predestinated by
the contamination level of the environment, practically without any extremities.
Different local, social and other factors can only modify the level of the external
burden. However their role is important, because the external exposure may reach
a high level, and now it is the main component of the collective dose as well.

A conventional personal dosimetry is able to quite accurately determine the
mean value of the external dose from place to place, but, because of the high inac-
curacy in the single measurements one has difficulties in realising finer regularities.
To arrange a possibly high volume and accurate, multiparametric view about the
feature of the external exposure it was necessary to elaborate a precise measuring
technics [1] and to adapt it for the routine work. For this purpose commercial
LiF detectors, but a special TLD evaluation technique was used, by which the
accurate measurement of the extremely low dose values was possible. According
to the permanent quality control the standard deviation achieved is about 20% at
10/iSv, 10% at 20/iSv and 5% at 100/uSv.

As a suitable territory for the investigation the western part of the Bryansk
region was chosen, about 100-300 km’s away from Chernobyl in north, north-east
direction. It is very probable, that most of the contamination in the Bryansk region
had been deposited in the first 3 to 5 days after the accident from wet deposition
with different levels of precipitation, which resulted in the spotty character of the
area’s contamination.

It is well known, that the external burden differs at different groups of profes-
sions. In the last year we found [2], that people staying characteristicly in free air
have much higher specific individual dose rates than those working in a building.
In summer 1993 however, we tried to collect more information about the role of
working and living conditions in the formation of the external burden. For this
purpose everybody received two dosimeters for the control. One of them was the
individual dosimeter (like in the last year) to control the “individual dose rate”
(IDR), and a second one, the ”home dosemeter” to measure the "home dose rate”
(HDR) in the flat. The first one to wear during the whole exposition period (in
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general one week) and the second one to place it near the bed for this period.
By this way we wanted to survey the living conditions of different types and the
working conditions as well.

The results show, that the individual dose rates are only about 15% higher
in average than the home dose rates. The ratio is nearly 1 for the small villages,
and 1.3-1.4 for the towns. However, the difference between the individual and
home dose rate is insignificant. It is possible, when the shielding power of the
buildings is very poor, or if the flats are quite hard contaminated. It means, that
in the contaminated regions not even buildings provide a perfect protection against
external radiation.

The small difference between the individual and home dose rates may be con-
nected also with the rainy weather of this summer. The dose rate in the environ-
ment has decreased by the shielding effect of the water content of the soil. At the
same time the radiation conditions of buildings were unaltered.

A typical example is the village Novye Bobovitsi, having a mixed charac-
ter. The inhabitants are working partly in the agriculture, partly in the industry,
and the number of pensioner is also considerable. About two third of the people
are living in wooden houses, the village has typical Russian provincial character.
The contamination around it is nearly homogenous and quite high, it takes now
0.87MBqg/m2.
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The dose rate distributions from Novye Bobovitsi (see Figure) are similar to
those, when summarizing over more villages. The two distributions seem like pic-
tures of a slightly distorting mirror: the similarity is very well recognizable. The
composition of the distributions is interesting as well: the low-lying curves repre-

106



Daily and home external exposure in the Bryansk region 3

sent the individual (positive part) and home (negative part) dose rate distributions
of people are living in brick buildings, while the upper-lying distributions are of
people living in wooden houses. The first group is practically identical with the
people working in bureaus, spending only a short time in open air. Therfore their
individual and home exposure are low alike. In summer 1993 about 1800 persons
were controlled altogether from about 30 localities.
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Measurement of Trapped Proton Mission
Fluence on LDEF Satellite*

N. Nefedov |I. Csige, E. V. Benton R. P. Henke 1and E.
R. Benton 1

Physics Research Laboratory, University of San Francisco, 2130 Fulton
St. San Francisco, CA 94117-1080, USA

The Long Duration Exposure Facility (LDEF) was flown in space for almost
six years at low Earth orbit and low inclination. Pre-recovery estimate shows that
95 % of the charged particle exposure on LDEF orbit proves to be from trapped
protons. Almost all proton fluence encountered in the South Atlantic Anomaly
(SAA).

In an experiment (named PO0006) on the LDEF satellite we have measured
the trapped proton mission fluences at two different energies using Plastic Nu-
clear Track Detectors (PNTDs). LDEF was three axes stabilized, its orientation
and moving direction in the SAA is shown on figure 2. Our detector stack was
located on the second row of the satellite. In the experiment, volume density of
stopping particles was measured at two different shielding depths in the PNTD
stack. Separation of proton particle tracks from short range recoil particles and
polar and azimuthal angle determination were based on measurements of etched
track sizes. Arriving directions of trapped protons show very high anisotropy with
most protons arriving from the west direction (see figure 1.). Selecting these par-
ticles the Eastward directed mission fluence of trapped protons was determined
taking into account the extinction of protons because of interaction with nuclei of
the stack. Result are presented in figure 2 in comparison with model calculations
of Armstrong and Colborn [1].
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A

Fig. 1. Directional distribution of trapped protons in the LDEF P0006 experiment. The
polar angle is measured from the normal of the surface of the LDEF satellite. The West
direction was between the C and D side at about 30 degree polar angle at the time when
the satellite was in the SAA.

Proton Energy (MeV)
Fig. 2. Mission fluence of Eastward directed trapped protons. The solid line was calcu-

lated by Armstrong and Colborn [1], experimental points were measured on the second
row of the satellite in this work.
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Experimental and theoretical studies on
radon transport based on monitoring in
caves

J. Hakl, 1. Hunyadi, A. Varhegyi x J.P. Morin 2, J.L. Seidel 2,
M. Monnin 2

1 Mecsek Ore Mining Ltd.,H-7614 Pécs, POB 121, Hungary

2 Laboratory of Hydrogeology, URA-1359, University Montpellier II,
34095 Montpellier, France

In different karstic caves of Hungary radon concentration was monitored in situ
using track etch technique during the last decade. These measurements showed,
that radon carried by circulating subsurface fluids may migrate over longer dis-
tances along caverns, fractures depending on the velocity of the transporting
medium [1].

The growing interest for better time resolution initiated the development of a
special low consumption automatic field radon monitor (Dataqua Ltd, Hungary),
which are applied since 1991. Using Dataqua radon monitors the Institute of Nu-
clear Research of the Hungarian Academy of Sciences in collaboration with the
Mecsek Ore Mining Ltd. and Laboratory of Hydrogeology, University Montpellier,
France studied a wide range of different karstic areas. From continuous time series
advection and/or diffusion control on radon transport processes was experimen-
tally identified. The differences found in transport processes were attributed to the
karst structure itself.

For the interpretation of the observed time series model calculations were
performed to study the impact of the characteristic geometrical size of conduits and
fractures on the forming of radon concentrations inside them [2]. The calculations
justified a strong dependence of the possible types of temporal changes on the
investigated parameter. This effect is reflected in advection and/or diffusion control
of emerging radon transport processes.

This work was supported in part by the National Scientific Research Funds
contract No. 3005 and 2011.
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Vass Imre cave

Fig. 1. Radon transient induced by syphon opening at 300 m from the entrance of the
Vass Imre cave, Hungary. The transient is characterized by a time constant approxi-
mately equal to radon decay constant, so the whole process is predominantly controlled
by diffusion in spite of the observed daily air flow fluctuations.

Lamalou cave. 1992

Fig. 2. Strong daily fluctuations of radon activity concentrations observed at the Lamalou
(France) test site. Main controlling process is advection, which can be more dominant in
highly fracturized regions.



Radon monitoring experiences learned in a
Hungarian village, located at a geologically
active area

A.Vasarhelyi, J.Hakl, 1.Hunyadi

Méatraderecske - a village situated at the Northern part of the M atra mountain,
where few km wide seismically active tectonic zone crosses the North Hungarian
Central Range - seems to be a very suitable natural laboratory to study the be-
haviour of radon under the influence of different geological and environmental
parameters.

On the base of the measurements carried out in early 1992 [1], we studied the
influence of building parameters on the indoor radon activity concentration. The
results are listed in table 1., columns a. The Chi-squares characterize the differ-
ences between the base population, and a subpopulation defined by the studied
factor. A higher Chi-square means a more distinct difference of the subpopulation
from the base population, i.e. a stronger influence of the named factor upon the
radon activity concentration. The results are not so relevant, due to several per-
turbing factors. We developed a method [3], the normalization of indoor radon by
underlying soil radon gas concentration, to eliminate the influence attributed to
the spatial fluctuation of the soil radon gas concentration. The results for the nor-
malized data are shown in columns b. of table 1. The higher Chi-squares indicate
stronger influence of the studied factors.

The influence of meteorological parameters on indoor radon concentrations
was studied by continuous real time radon, pressure and temperature monitoring
in a house situated above the crossing of main geological faults. In figure 1. the
smoothed radon, temperature and inverted pressure time series are shown. The
indoor radon concentration is well reproduced by a linear function of the outdoor
temperature and of the inverse pressure for this limited time interval [2].

More detailed study on surveying indoor radon concentrations and the influ-
ence of underlying soil (water) radon gas distribution, geological structure and
modelling of radon transport processes is in progress.

This work was supported in part by the National Scientific Research Fund,
contract No. 7603 and the City Hall of Méatraderecske.
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Table 1. Dependence of radon activity concentration on house parameters, and the Chi-
squares for the original and normalized data. The Chi-square test in each case is referred

to the distribution of the base sample.

studied factor

Rn* [Bg/m3]
a b

cellar with cellar 211 15.14
.existence without cellar 225 9.70
floor 1. floor 259 13.60
2. floor 53 2.22
heating coal 175 17.34
condition central 100 4.30
gas 244 14.00
building  brick 265 16.70
material  sundried brick 266  9.30
brick & sundried brick 233 12.30
floor stone 132 7.00
material  wood 258 11.50
concrete 264 13.00
a -original data
b -normalized data
*-mean radon activity concentration
Matraderecske

Chi-square

a b
0.1882 0.2464
0.0472 0.0874
0.0181 0.0262
15561 1.9884
0.2298 0.5800
0.5874  1.1811
0.1040 0.0877
0.0483 0.5140
0.0425 0.1620
0.5226  0.6599
0.5813 0.7352
0.2022  0.5226
0.0120  0.0395

Fig. 1. Indoor radon concentration (one day moving average of hourly readings) can be
related to atmospheric pressure and temperature by a linear formula.

113



Trace Element Concentrations in
Atmospheric Aerosol Particles at Three
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INuclear Physics Department, College of Science, Minia University, Egypt

2Health Service Authority, Debrecen

The concentration and composition of atmospheric aerosols are important
factors in understanding the effects of anthropogenic pollutants on the environ-
ment. Since atmospheric aerosols interact with solar radiation and affect micro-
meteorological processes, they may alfect not only the Earth’s energy balance, but
also the climate. The concentrations and composition of aerosols near the surface
of the earth are often controlled by local particulate sources [1]. The aim of our
measurements has been to determine the variation of elemental concentrations of
the atmospheric aerosols throughout a longer period of time at given urban sites.

Atmospheric aerosol samples were collected weekly at three different locations:
”A” Do6sa Nador square (center), "B” Medical University School (DOTE, north)
and ”C” Dobozi street (east) in Debrecen city. All the samples were taken by the
local Health Service Authority (air pollution monitoring is one of their regular
tasks) and passed at our disposal for analysis. The atmospheric aerosols were
collected on membrane filters of 0.45 /wr pore size and 50 mm diameter, with air
volume of 10 to 12 m3/h. The analysis of the samples was carried out with PIXE
method at our institute [2,3] and all the spectra were analyzed by PIXYKLM
computer package [4].

The average concentration of the elements are summarized in Fig. 1. It can
be seen that most of the trace elements such as Si, S, K, Ca, Ti, Fe, Co, Zn, V,
Br and Pb have higher concentration values in the center of the city ”A” than in
the outskirts ”B” and ”C”. This is quite expectable because location ”A” is much
more congested with traffic and more densely populated than the other places.
This means that the human activity plays an important role in increasing the total
particulate mass of atmospheric aerosol in the atmosphere. On the other hand, Pb
concentration has much higher value in the center of city than in the other sites,
showing the role of motor traffic in the center of the city. It can be considered as
the main source of lead in the atmospheric aerosol particles of Debrecen city [5].
Seasonal variation of the trace elements and other relevant details will be discussed
elsewhere.
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Fig.l. The average concentration of trace elements at the three sampling sites.
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Seasonal variation of trace and major
elements in atmospheric deposition in
Debrecen region
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Deposition of trace elements from the atmosphere to the ground surface is of
a major importance in the study of the composition of atmospheric aerosols and
it provides informations on the effects of a pollution source on the surrounding
region. When assessing the input of materials into natural water and land, the
sources and composition of atmospheric deposition need to be determined.

The object of this work was to provide basic informations on the deposition of
trace elements in Debrecen region. For this purpose samples of deposited aerosols
were collected continuously at three sites on the roof of a high building in the
Institute of Nuclear Research (Debrecen) through a long time. The sampling time
was 15 days, the analysis of the fall-out samples were carried out with an auto-
mated XRF analytical system based on an ATOMKI-type SiLi x-ray spectrometer
[1], an automatic sample changer equipment [2], and an IBM compatible AT. The
resolution of the spectrometer was 165 eV at the MnKa line. The x-ray lines of
a ring shaped 1-125 (200 MBgq activity) source were used for the excitation of the
characteristic x-rays of elements in samples. Measurement times were 10000s. All
the spectra were analyzed by the AXIL program [3].

Deposition of trace elements is dependent on several meteorological effects
and on the roughness of the ground surface around the place of measurements and
may be dependent on the seasonal changes, too. These effects cause deposition of
trace and major elements with different intensities. For this reason qualitative and
guantitive analysis of the samples were carried out to determine the quantity of
each element in every month of the year.

The flux of 14 elements such as Si, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, Br, Sr,
Zr and Pb have been determined and the results are shown in Fig. 1.

It can be seen that, Ca element has the greatest flux in most of the months of
the year reaching 14.4 /igcm~2day_1 in May and 0.25 ~gcm-2day-1 in October.
The average flux of Ca element was 4.00 /igcm-2day-1, which equal to 41% of
the total flux of the 14 elements detected. Si flux is also relatively high and has
the same fluctuation as that of Ca element: 9.4 /xgcm_2day_1 in May and 0.77
/igecm-2day-1 in October. The average flux of Si is 3.53 ~*gcm-2day-1, which is
equal to 36% of the total flux amount. The flux of S comes at the third place after
Ca and Si elements and has a yearly average flux of 0.64 ~gcm-2day-1.

It can also be seen that the elements Cu, Br, Zr and Pb have the lowest
yearly average flux amongst elements detected, having 0.006, 0.004, 0.004 and
0.006 “gcm-2day-1 values, respectively.
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Finally, we can establish that the flux of most of the trace elements have higher
values in summer than in winter season. On the other hand, comparing the results
with other published data, it is found that the flux of most of the trace elements
have generally lower values in Debrecen region than in other cities, e.g. Gibraltar,
Seville and Almeria (Spain) [3] and Minia (Egypt) [4].
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Fig. 1. Yearly, winter and summer average flux of the trace elements for long period of
time.
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As part of the Co-ordinated Research Programme organized by the Interna-
tional Atomic Energy Agency under the title "Applied Research on Air Pollution
Using Nuclear-Related Analytical Techniques” the following activities have been
performed:

1. PIXE elemental analysis and mass determination have been performed on
particulate filter standards available in the frame of Quality Assurance Exercise.
The methodology of the measurements and the evaluation procedure of the mea-
sured spectra were identical with those applied in our regular aerosol analytics.
Concentration data on the elements Al, Si, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe,
Ni, Cu, Zn, Br and Pb have been forwarded for final evaluation to the organizer
of the intercomparison test.

2. Regular sampling of airborne particulate matter has been started by using
a Gent stacked filter unit collector provided by the International Atomic Energy
Agency. As sampling site a location at the campus of the Institute of Nuclear
Research at Debrecen has been selected which is considered to be representative
residential urban area of our city (200.000 inhabitants). At the first period of the
sampling campaign with NILU sampler parallel sampling experiments have been
made by the simultaneous use of the 25 mm NUCLEPORE filter holder used for
stacked filtering in our earlier experiments which cover several one year periods
back to a decade. A comparison of analytical data from samples taken with NILU
sampler to those obtained with the earlier sampling units will be made in order
to check the consistency of new data with the data sets deduced from our earlier
PIXE measurements.

3. A survey paper summarizing our analytical activities in the field of air pol-
lution studies in Hungary has been published [1]. PIXE and PIGE results obtained
in the frame of our programme have been evaluated in different terms: regional
signatures and their dependence on wind sector distribution reflected the influence
of regional emission sources; short-range transport model contributed to the esti-
mation of environmental impact of a separated point source; long range transport
modelling which combines emission survey and air mass trajectories with a mass-
balance equation gave estimation on the relative contributions of local sources
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and those in the neighboring countries to the observed elemental concentrations;
source profiles and scores have been determined for factors clearly appearing in
target transformation factor analysis.

4. Results of our elemental analysis performed on samples of atmospheric
aerosol from urban, suburban and rural air gave comparative data for air quality
in downtown Budapest, in suburban Budapest and in a rural location in Hungary
have been presented in paper [2]. Taking the fact into consideration, that the
suburban and rural sites axe located on a straight line from the center of Budapest
along the direction of the prevailing wind, we substituted urban and rural data
into a source-receptor model of Jaarsveld proposed for transport simulation on a
regional scale. In such a way average dry deposition velocities were calculated for
elements V, Cr, Co, Ni, Cu, Zn, As, Pb for days without precipitation and with a
constant air mass flow observed between the source and receptor points.

5. A set of aerosol samples collected in rural sampling sites Farkasfa, K-Puszta
and Napkor situated in Western, Central and Eastern Hungary, respectively, have
been analyzed by PIXE technique. The evaluation will be made in the frame of
transport models.

6. Elemental concentration data obtained from our PIXE measurements per-
formed on one hundred aerosol samples collected in Debrecen in time interval
October 29 1991-October 26 1992 were subjected to wind sector analysis. The
result of the analysis is described in an other contribution to this Annual Report.

7. Preparations have been made for the building-up of a microbeam channel on
our 5 MV Van de Graaff accelerator. The new facility is planned to contribute to
the topic of present Co-ordinated Research Programme through characterization
of individual aerosol particulates.

This work has been partly supported by the International Atomic Energy
Agency (CRP 7257/RB) and by the National Foundation for Scientific Research
(OTKA, No 345).
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Aerosol Sampling and Analysis by PIXE
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A regular aerosol sampling has been continued in collaboration with Central
Institute of Atmospheric Physics and University of Veszprém.

Further 225 aerosol samples collected in Debrecen (in ATOMKI) and in K-
puszta has been analysed by PIXE. Elemental concentration of Al, Si, S, Cl, K,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Br, Ba, Pb has been calculated for each
samples.

Yearly, winter, summer and monthly averages of the concentrations for the
above mentioned elements has been calculated together with the enrichment fac-
tors for samples collected in Debrecen.

Further statistical evaluation (factor analyses) of the concentration data is in
progress.

One of the results, the comparision of the winter and summer averages of the
last two years is shown on the figure. Differences between the summer and winter
averages of elemental concentrations are clearly seen.

Average concentrations
winter and summer

10000
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Elements
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An important source of soil-derived atmospheric aerosol component worldwide
is wind erosion from desert regions, its annual average contribution to the global
aerosol budget is considerable. Wind blown dust from arid regions is transported
over long distances: Saharan dust can be advected into the Arctic, too. The in-
trusion of this component into areas touched by actual air trajectories can result
in continuous or sudden deposition of the dust burden. The contribution of mobi-
lization, transport and deposition of Saharan dust is reflected by the fact, that the
number of sand storm events in Sahara amounts to around 250 per year followed
by dust fall events in Europe in more than 100 cases.

Mineralogical and elemental analyses have been used in some papers to point
out events of Saharan origin in the Mediterranean and Central Europe. Rela-
tively little composition data are available which may be used to characterize
desert-derived component. Obviously, it contains crustal material which has not
been significantly enriched in noncrustal elements. The systematic investigation
of Chester et al. [1] performed in the Mediterranean area pointed out elements
like Al, Fe, Mn, Cr and Ni characterizing samples of Saharan origin; concentra-
tion ratios Fe/Al, Mn/Al, Cr/Al can be used as elemental signatures. However,
a direct comparison with actual elemental ratios for the parent crust cannot be
made easily. Bulk crust does not adequately predict atmospheric elemental ratios
due to a well-defined crust-air fractionation resulting for example in a decrease
of 35-50% for Si/Al in the aerosol with respect to the elemental ratio in average
crust. In a recent work of Marcazzan et al. [2] the elemental ratio Ti/Ca as well as
well-defined correlations in absolute concentrations of Al, Si, Ca, Ti, Cr, Mn and
Fe were found to indicate deposition of Saharan dust in a remote site of Northern
Italy.

A search has been made for evidences of the contribution of Saharan source to
the composition of atmospheric aerosol over Hungary by the evaluation of a sub-
urban data set measured on samples taken in the ATOMKI’s area and covering
the sampling period 29 October 1991-26 October 1992 [3]. Kinematic backward
trajectories of 96 h duration have been calculated for the 850 hPa level on the
basis of meteorological data supplied by European radiosonde balloon flights for
each sample. Including sampling site five points have been determined on each
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trajectory for the times 0, 24, 48, 72 and 96 h before sampling. The total number
of trajectories, i.e. samples, falling into the West-Mediterranean area denoted as
wind sector 4 in Fig.l. amounted to 24. Eleven trajectories which were consid-
ered as representing air masses of North-African origin are shown in Fig.l, the
corresponding values of elemental ratio Ti/Ca are indicated by full dots in Fig.2.
Empty circles indicate the other cases in the sector. The number of the trajectories
and dots in the respective figures are serial numbers of the samples within wind
sector 4. In Fig.2 the sampling dates are indicated on the horizontal axis. Average
of the concentration ratios found in wind sector 4 is shown with dot-dashed line.
For a comparison, Italian data assigned to Saharan events and average value cor-
responding to a period of one month around Saharan intrusions are shown with
dashed lines. Increased values of ratio around our sample/trajectory numbers of
3-5, 8, 11, 18, 20, 22 are considered as fair evidences of Saharan events.

Elemental ratio Ti/Ca amounting to 0.10 measured in a recent dust sample
obviously assignable to a red rain of Saharan origin at 17. 10, 1993 in Debrecen
also supports the conclusion for Saharan contribution in the named cases.

Strongly correlated variations observed in concentrations of elements Al, Si,
Ca, Ti, Cr, Mn and Fe also indicate increased effect of a crustal source around
the above serial numbers, i.e. sampling days. A comparison with the behavior of
the absolute values and spreads of the measured data in the wind sectors 1, 2,
3 and 5 points out that the arguments found are not very strong. The Saharan
contribution was present around the sampling dates, but we did not observe a
sudden deposition of the dust burden e.g. in the form of a red rain. New data also
covering the red rain event at 17. 10. 1993 are being evaluated.

From the above observations we came to the conclusion, that for more sensitive
detection of normal Saharan effect in this geographic latitude the observation
and evaluation should simultaneously cover a number of elemental ratios properly
selected as a set of regional signatures to be considered as tracers of adequate
selectivity for Saharan contribution.

This work has been partly supported by the National Foundation for Scientific
Research (OTKA, No 345) and by the International Atomic Energy Agency (CRP
7257/RB).
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Fig.1.

Fig.2.
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Concentration of radiocarbon and its
chemical forms in primary water, gaseous
effluents, environmental air and nuclear

waste of a pressurized water reactor power
plant in Hungary

E. Hertelendi, M. Veres, Gy. Uchrin E. Csaba I,
|. Barnabas 2 P. Ormai 2 G. Volent 2

Airborne releases of 14C from the Pahs Nuclear Power Plant have been mea-
sured. Two continuous stack samplers have been in operation since 1988. The
samplers collect radiocarbon in various chemical forms like 14CO2 and 14C,Hm.
The radiocarbon activities were measured using two different techniques. Samples
of lower activities were analyzed using the proportional counting method. The
carbon dioxide extraction was carried out by adding concentrated sulphuric acid
to the NaOH solution in which the 14C is absorbed in the samplers. The liber-
ated CO2was purified and measured in a low level counting equipment [1]. Most
of the samples were measured by liquid scintillation counter after precipitating
CO2 in the form of BaCO3. The carbonate samples were mixed with Cab-O-Sil
and toluol-based-liquid scintillation cocktail. The typical sensitivity of liquid scin-
tillation method was 10mBqg/m3, while the proportional counting method had a
sensitivity of 0.5 mBqg/m 3. Therefore only proportional counting techniques were
used for the measurement of environmental air samples. The specific radiocarbon
activity of the air in the stack varies between 140-160 Bg/m3. The average nor-
malized yearly discharge rates during the time period 1988-1991 were equal to 0.77
TBqGWe- 1y 1 for hydrocarbons and 0.05 TBqGWe- 1y _1 for CO2 [2,3]. This fig-
ure is about four times higher than the mean value of Western European PWR
discharges. The higher 14C production is due to the higher level of nitrogen impu-
rities in the primary coolant. The yearly discharge rate has increased during the
last two years considerably caused by some releases having very high concentration
of radiocarbon. Sampling has also been carried out from the offgas treatment sys-
tems of the power plant. The measurements show that most of the 14C that flows
to the stack pass through the offgas treatment systems. The radiocarbon excess in
the environment has been measured since 1989 taking monthly samples at five sta-
tions in the surrounding of the nuclear power plant. The samplers are of the same
constructions as those used in the stack. The long term average excess from the
nuclear power plant was D14C=3.5%0 for CO2and D 14C=20%o0 for hydrocarbons.
The chemical forms of radiocarbon in the primary coolant was analysed with a
special gaschromatographic systems. The 14C activity of the primary coolant was
in the form of hydrocarbons and CO but not in the form of CO2. Spent ion ex-
change resins and evaporation concentrates have been analysed for radiocarbon.
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The activities of spent mixed bed exchange resins vary between 1.2-5.3 MBq/kg
of dry weight.
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Reevaluation of the Hungarian Neolithic
based on calibrated radiocarbon data

E. Hertelendi, P. Raczky 1, F. Horvath 2 M. Veres,
A. Figler 3 L. Bartosiewitz 4

The internal chronology of the Neolithic in Hungary has been established by
the late 1960’s. The outline of this framework was devised by I. Bognar-Kutzién
in 1969. [1] This chronological system was purely based on the traditional strati-
graphic and comparative typological methods. Absolute chronological boundaries
were appraised using archaeological analogies. The Neolithic cultures were fit
within apparently logical chronological charts which reflected a predominantly
diachronic sequence. This system fell in line with the main trend of European
research at the time as was summarized by Milojcic (1949, 1967) [2,3]. However,
the first radicarbon dates relevant to the area, determined by the Berlin Labo-
ratory showed the discrepancies of this chronological system. The ever growing
number of increasingly precise radiocarbon dates and the introduction of the cali-
bration method, therefore, made its reevaluation indispensable. As a result of this
process, “the traditional framework collapsed” as was convincingly summarized
by C. Renfrew in 1976 [4]. The appearance of calibrated radiocarbon data had
two dramatic consequences in Hungarian Neolithic research: a/ The beginnings
of food producing economy in Hungary shifted back by approximately 1.5 millen-
nia and, logically, the time span encompassed by Neolithic cultures expanded, b/
The second surprising phenomenon was that the previously diachronic sequence
of Neolithic cultures was upset by overlaps. A great deal of contemporaneity oc-
curred among the cultures. From these facts, the obvious necessity of defining new
absolute chronological boundaries emerged. In archaeological terms reevaluation
became a prerequisite for rethinking intercultural relationships. All relevant radio-
carbon dates were collected from the literature and series of new measurements
were made in the Institute of Nuclear Research of the Hungarian Academy of Sci-
ences [5]. All dates were calibrated using the computer program developed by Stu-
iver and Reimer [6]. The calibrated dates were tabulated both by individual sites
and cultural entities. The dispersion function and time span of each culture were
analysed as well. As a result, the earliest calibrated Kords-Starcevo dates range
between 6300 and 5100 cal BC. At the same time, the Tisza-Herpaly-Cs6szhalom
complex and the Lengyel culture end at the time between 4600 to 4400 cal BC.
These temporal fix-points show that the total time span of the Hungarian Neolithic
was approximately 1700 years. The new upper limit of the Neolithic fits well with
the recently obtained radiocarbon dates marking the subsequent Copper Age in
Hungary. This newly developed chronological system, therefore, may be expanded
into later prehistoric periods in the area.
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According to the theory the precipitation on the SW part of the Bikk Moun-
tains percolates in the karstified layers down to the impervious base. In the lime-
stone the water continues dipping towards the Great Hungarian Plains to suc-
cessively greater depths assuming gradually the higher temperatures prevailing
there. The karst water heated in this way emerges along faultlines to the surface
and forms warm springs [1]. The karst water of 30°C temperature and 30 m3/min
yield emerging to the surface in the warm springs around Eger corresponds to a
thermal output of 4xI07W. To absorb this huge amount of heat an area over 400
km2would be needed even if the entire terrestrial heat flux would be used for heat-
ing this amount of water. In view of the fact that the warm springs are situated
5-10 km distant from the surface outcrops of the karst in the SW part of the Bilikk
Mountains, direct percolation starting therefrom and heated gradually to 30°C
cannot be accepted as the only source of the warm water yield. This assumption is
apparently in conflict with the isochronous map based on 14C data. The radiocar-
bon age of the water grows successively from the surface karst towards the warm
springs and the more distant thermal waters. The water temperature increase fol-
lows the same pattern. However, the piesometric heads of the warm springs in the
Eger area with a 14C age 6-7 thousand years, at a distance of about 7 km from
the karst outcrops are lower than the heads in both the young cold karst water
nearer to the karst outcrops and the oldest thermal waters at a distance between
10-15 km. The water in the springs in the Eger area is of a mixed character and
the radiocarbon age is indicative of the mix proportion alone. The composition
of stable isotopes in the karst waters is an additional proof of mixing. The £13C
value is -13 to -14%0 typical for fresh water and -3 to -4%0 at a distance more
than 10 km, while intermediary values have been measured in the Eger area. The
deuterium concentrations show similar patterns. The <GDvalues in the warm water
are situated between -67%0 typical of the cold karst and groundwaters in Hungary
and the -75.5%0 of the 13-15 thousand years old thermal karst waters. The <D
values around -75%0 implies at the same time that the 13-15 thousand years old
water originates from precipitation fallen under climate conditions colder than the
present one.

This work was supported by the PHARE-ACCORD Contract No. H9112-0170.
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The Use of the Hair Calcium Concentration as a
Noninvasive Diagnostique Technique for Coronary
Heart Disease

J. Bacso, A. MacPhersonl B. M. Groden2

'Scottish Agricultural College,Auchincruive, Ayr, Scotland,
Xrosshause Hospital, Kilmarnock, Scotland

Early Diagnosis of persons at risk from Coronary Heart Disease (CHD) would afford
greater opportunity for preventive or corrective regimes to achieve success. Particular emphasis
is currently being placed on the development of non-invasive techniques (EC Biomedical
&Health Research Programme, 1991-94). This study evaluates the use of hair Ca for this
purpose.

Populations normally exhibit a two-peaked log-normal distribution with the mean
concentration of the low and high groups significantly (P<0.001) different at 350 and 1500 mg
kg ', respectively!!]. Patients suffering from CHD have considerably lower hair Ca2+ levels than
comparable healthy controls[2]. Hair and aorta Ca2 are inversely correlated so that when hair
Ca2t+ is high aorta Ca2t is low and vice versa. High aorta Ca2 is associated with severe
alterations in the vessel walls. This, however, never co-exists with hair Ca2+ concentrations
above 700 mg kg'"1[3]. In different studies conducted in Hungary it was found that 88% of acute
(AMI) and 98% and 90% of two different post myocardial infarction (PMI) patient groups
belonged to the low hair Caz+ groupl2].

Methods

Samples of scalp hair were collected from 494 apparently healthy male volunteers in
5 districts of Scotland which ranged from high to low risk of CHD as determined by their
Standard Mortality Ratios (SMR’s). These were in descending order: Cumnock & Doon Valley,
Kyle & Carrick, Aberdeen, Edinburg and Bearsden & Milngavie.

Hair samples were cut near to the scalp on the occipital site of head. Hair Ca2+
concentrations were measured by XRF analysis and the distributions plotted and compared with
those determined previously for other countries. In addition the ratios of the means of the low
and high groups within each population were calculated and regressed against their SMR values.

Results

In Scotland similar to other countries bi-modal distributions have been observed, in
general, but the ratio of the high Ca2+ level group to the low Ca2+level group is 15-10% to 85-
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90%. This is very similar to that of the
Hungarian AMI and PMI groups, except

Kyle & Carrick, where practically all of

the persons (98%) investigated belonged

to the low Ca2tlevel group with a mean

value of 352 mg kg1l Figure shows the ~
correlation between the SMR and mean jii
Ca value for the groups investigated.

Discussion

It is evident from the markedly
different distributions of hair Ca2+ and
mean values found for Scottish Ca (p p m)
population compared to those of other
countries that should be some unique
parameter influencing its Ca-metabolism.The strong similarity between the distributions for
normal Scottish males and Hungarian M1 patients is striking. This fact taken in conjunction with
the finding that within Scotland hair Ca2+ concentration tended to be negatively correlated with
SMR (see Fig.,, SMR = -0.2254Ca(ppm)+198.54, r=0.84, P=0.05) suggest that it may well prove
to be a useful screening test for CHD (and might be for others, too). Possible explanations of
this effect on Ca metabolism may relate to low UV light intensity compared to the other
countries sampled or to low dietary antioxidant intakes some evidence of which we have from
other studies.

A wider study is required to confirm the putative relationship between hair Ca2+ and
SMR and intervention studies should explore the possibility of moving a subject from a low to

high group and hence reducing their risk of CHD. Such studies are in progress.
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Determination of Pt Concentration in
Cervical Tumor Tissues Using EDXRF
Method
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Nowadays, the overall incidence of invasive cervical neoplasia is relatively low
as a consequence of effective cytologic screening programs. In spite of this fact,
carcinoma of the uterine cervix remains the second leading cause of death from
gynecologic cancers. The five year survival of patents treated with radiotherapy
with or without surgery is approximately 50% for stage lib, 30% for stage IlI,
and only 7% for stage IV [1]. Forty to fifty percent of patients treated with con-
ventional radiotherapy in stages lla-1Va relapse within two years [2]. In cervical
cancer patients chemotherapy is used mainly for palliative treatment [3], neverthe-
less, chemosensitivity of this tumor was also indicated [4]. The aim of a neoadjuvant
chemotherapy is the reduction of bulky tumor in order to enhance the efficacy of
subsequent radiotherapy and possible surgery. Currently, Cisplatin is considered
the most active single drug [5]. Two ways of chemotherapy administration can
be used in patients with cervical cancer: the intravenous (iv) and loco-regional
intra-arterial (ia) one. Theoretically, the latter is the more advantageous assuring
increased drug concentration at the tumor level and bypassing of an immediate
first pass effect before reaching other organs [6].

The aim of our study was to compare the effect of intravenous and loco-regional
intra-arterial Cisplatin administration in the treatment of advanced cervical can-
cer (stages lIlb-1Va) with respect to pharmacokinetics and toxicity to determine
optimal drug administration for local disease control. Measurements were initiated
to test the hypotheses: loco-regional ia treatment using the same dosage of Cis-
platin will result in a higher tissue concentrations in the tumor comparing to iv
treatment, with comparable or lower systemic toxicity.

Determination of Pt concentration in biopsy tissues was carried out with En-
ergy Dispersive X-Ray Fluorescence (EDXRF) method using a Kristalloflex 710H
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(Siemens) x-ray generator with Mo-anode x-ray tube combined with a home-made
general purpose three-axis secondary-target excitation system [7]. Samples were
collected from ten patients administered with Cisplatin. Altogether, 70 biopsy
and post-operative samples were analyzed.

Analytical results support the hypotheses that intra-arterial administration
of Cisplatin comparing to the intravenous one produces significantly higher Pt
concentration in tumorous tissues. It is worth mentioning that - except one case
- intravenous chemotherapy resulted in undetectable Pt concentration values in
tumorous tissues. Pt concentration seems to correlate with the vascularisation
(positive correlation) and necrotic ratio of the tumor (negative correlation). Def-
inite statement for the depth profile of Pt in tumor can’t be concluded currently
because little cases were analyzed. Nevertheless, there seems to exist a positive
correlation between deepness and Pt concentration. Comparing cervix, corpus and
the ovaries, there were no significant differences in Pt concentration. As it was
expectable, Pt level in the parailiacal lymphnodes was lower with an order of
magnitude than that of in the tumor. It is interesting to note that similar observa-
tions were reported for selectively administered citostatic agents yielding 15 times
higher tissue concentration in the tumors than in the peripheral organs [6].
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New Cross Section Data for 66/68Zn+p Reaction up
to 25 MeV

F. Szelecsényi*, T.E. Boothe*, Y. Feijoo*, M.E. Plitnikas*,
E. Tavano* S. Takacs, F. Tarkanyi and Z. Sz(cs

“Cyclotron Facility, Division of Nuclear Medicine, Mount Sinai Medical Center, 4300 Alton Road,
Miami Beach, FL 33140 USA.

A critical overview of the nuclear data relevant for production of 666/83Ga via
proton induced nuclear reaction on zinc showed that for some reactions the cross
sections/thick target yield data in the middle energy range [up to 40 MeV] are
insufficient and/or contradictory [1]. The aim of the present study was to complete the
existing data base to obtain reliable data sets and to perform an evaluation to get
recommended sets of cross sections/thick target yield values for routine radioisotope
production and different analytical applications.

Excitation functions have been measured for 8Zn(p,n)&8Ga [from 5 to 25 MeV],
6Zn(p,2n)66Ga [from 14 to 25 MeV], @&n(p,3n)&@Ga [from 24 to 25 MeV] and
@&Zn(p,2n)6/Ga [from 21 to 25 MeV] nuclear reactions. Targets were prepared via
electrolytic deposition of isotopically enriched zinc [6Zn(99%), 6Zn(93%) and
6%n(98%)] on commercially available Ni foils. The target samples and the copper
monitor foils were activated in the form of a stack. Irradiations were carried out at the
external beam of the CS-30 cyclotron of Mount Sinai [25 MeV incident energy] using
a beam current of apr. I00OnA. The total integrated charge was detected by Faraday
cup measurements and was cross-checked via monitor reactions induced in the Ni
backings and in thin Cu foils inserted separately into the stacks [2]. The activity of
each foil was measured via high resolution gamma-ray spectroscopy without chemical
separation. Special attention was paid to the necessary corrections to obtain absolute
activities. The energy degradation of incident proton beam, data evaluation and error
calculation were similar as described in more detailed in [3]. The total estimated error
of the cross sections varied from 10 to 15 %.

On the basis ofthese completed data sets, new evaluated values were calculated
for the above mentioned reactions. Comparison between yields calculated on the basis
of the new evaluated excitation functions and the experimental yield values shows
acceptable agreement.
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Compilation and Evaluation of Cross Sections/Thick
Target Yields for miIn Production
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The radioisotope 1lIn is one of the most important cyclotron produced isotopes
and is widely used in diagnostic nuclear medicine. The possible production routes
have been investigated by many authors. Detailed excitation functions for its
production have been measured both in terms of nuclear theory and routine
production. In one of our earlier work, to check and supplement the data available in
literature, we have studied the excitation functions of proton induced reactions on
luCd and 12Cd [1]. In the present work as a continuation of our study we have
compiled and evaluated all the cross sections and thick target yield data [a/Y] for the
light charged particle induced reactions appearing in the literature through 1993. The
studied direct production routes were proton and deuteron induced reactions on Cd
with natural and enriched isotopic composition and 3e and alpha particle induced
processes on Ag. Due to practical production purposes the [a/Y] values of the most
important competing reactions leading to major contaminants were also investigated.

During the evaluation we have tried to resolve the most obvious discrepancies
found in the presented values. The published data have been corrected on the basis of
the most recent values of accepted standard nuclear data. First, after the necessary
correction the individual data sets were fitted separately and then values were
calculated from the same energy points from fitted data sets. The error of these fitted
values in a given energy points was estimated by summing up the error of the nearest
experimental value and the deviation of the fitted value in the energy point in question
from the interpolated value calculated from the two nearest experimental data points.
In the second step weighted average values and their corresponding uncertainties were
computed from the fitted ones at each grid point. Finally, to eliminate the significant
discontinuities arising from the fact that different energy ranges were investigated by
different groups, the weighted averages were fitted once again and the errors were
calculated [2].



This critical review of the status of reactions used for production o f1lin shows
that the experimental data available on cross sections and thick target yields via most
common production routes are sufficient. An agreed set of cross section data could be
produced for reactions of mCd(p,n), mCd(p,2n) and X®Ag(a,2n). There is, however,
need for new measurements to complete and clear the discrepancies for the following
reactions: rdaCd(p,xn), Md(p,3n), !4Cd(p,4n), rdCd(d,xn), 1aCd(d,n), inCd(d,2n),
n2cd(d,3n) and WAAg(He,n).
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Analysis of 2BAt[DTPA] complex by thin layer

chromatography
Z. Szlics

The 20At isotope is one of the latest radioisotopes produced with the MGC-20
cyclotron in Debrecen [1]. It is a useful radionuclide for the investigation of chemical
property of astatine, which is the rarest element in the Earth.

The synthesis of the first chelate-complex of astatine [2] showed the new
aspects in inorganic chemistry because it proved the metallic character of the fifth
member of the halogen group. The At[DTPA] complex was synthesised similarly to
that which was described for At[EDTA] preparation by Milesz et al. [2].

The identification and determination of the chemical yield was carried out by
TLC-analysis with the following parameters:

thin layer: WATHMAM 1 paper, 21 cm length

mobil phase: pyridine:ethanol:water/1:2:4

evaluation time: 150 min.

Rf values: 0.1 for free Af and 0.85 for At[DTPA]

The chromatogram was detected by a plastic detector coupled with Nucleus PCA-II

y-ray measuring system. The chemical yield was found to be 70+3%. The new astatine
compound can be used for elaboration of labelling methods for 2UAt[DTPA]

conjugated monoclonal antibody, which is a potential agent for in vivo radiotherapy.
This work was supported by the National Research Foundation of Hungary

(grant No. F-4061).
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Preliminary experiment with a Si p-i-n
photodiode for room temperature X-ray
detection

G. Kalinka

Liquid nitrogen cooled Si(Li) detectors with typical resolution of ~ 150 eV at
6 keV still have been the most popular and widely used energy dispersive X-ray
detectors [1]. Operation of common Si(Li) detectors at room temperature results
in serious degradation of resolution to *tl0 keV due primarily to increased leakage
currents in the order of several hundred nanoamperes.

It is possible, however, to manufacture radiation detectors with state- of-the-
art microelectronic technology cm high resistivity Si wafers (the necessary high
temperature steps, unfortunately, are not applicable to Si(Li) detectors) with sub-
stantially reduced leakage currents in the order of 1 nA/cm2/100 /nn at 20 °C
[2,3], and what is more to reduce (pixel type) device dimensions down to 1000
/nn3, which scales currents and capacitances even further.

A 10 mm2/300 ym, so called PIP (passivated ion implanted) Si detector pro-
duced with this technology really gave 1.1 keV resolution for 60 keV at room
temperature [4].

Among various room temperature Si detectors [5] the best up to date results
axe related to CCD (135 eV) [6], drift detector (172 eV) [7] and DEPMOS (250
eV) [8].

While PIP detectors, though relatively expensive, axe sold commercially, the
latter devices axe not even available - at least for the time being. Si p-i-n pho-
todiodes, with dimensions of 0.1-800 mm2 area and 100-500 /nn depletion layer
thickness, are manufactured with similar technology and exhibits similar perfor-
mance for nuclear radiation detection, but are much cheaper than PIP detectors. It
is therefore not surprising that photodiodes has already found widespread applica-
tion in nuclear spectroscopy primarily as photon detectors coupled to scintillators,
and to less extent as direct ionisation detectors [9-11]. Due to their relatively thin
sensitive region they are well suited to low energy (* 20 keV) X-ray detection. To
test their performance a Hamamatsu S1223-01 diode (3.7 x 3.7 mm2/ 100 /nn «
14 pF) was chosen. The photodiode with removed glass window was mounted into
a standard Si(Li) detector cryostat, together with an unselected 2N4416 JFET
in its original header, forming the input of a NV-806 drain feedback preampli-
fier (ATOMKI). Drain feedback [12] is an excellent low noise charge reset method
for cooled Si(Li) detectors [13], and as it is proved here it works equally well at
elevated temperatures up to several nA detector leakages.

The response of the diode, reverse biased with 90 V, to uncollimated 55Fe and
21 Am sources using NZ-870 X-ray signal processor (ATOMKI) [13,14] at 12 /xs
peaking time is shown in Fig. 1.

Taking into account the adverse affect of the high dielectric loss borosilicate
glass headers and the least favourable photodiode chip mount, remarkable energy
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resolution improvement, relative to the presently achieved 860 eV noise line width (
100 electron rms equivalent noise charge), is expected under optimised conditions.
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Fig. 1. 55Fe and 21Am spectra taken with a Hamamatsu S1223-01 photodiode in ambient
air at room temperature.
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Status report on the development of a 47t
charged particle detector system
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In order to obtain an insight into the details of the decay of hot compound-
nuclei formed in heavy ion fusion reaction sophisticated detector systems are re-
quired with maximum particle type, energy, directional and temporal resolution,
- in the whole 4w solid angle. Such detector systems should consist of charged
particle, 7 and neutron detector subsystems arranged in concentric shells around
the target and each other consecutively.

The demand on the innermost charged particle detector shell, in addition to
as high as possible resolving powers as above, are linearity, stability (including
resistance against high radiation doses), and compatibility with outer detector
shells, regarding size, absorption and scattering effects.

In collaboration with the Manne Siegbahn Institute Stockholm, a develop-
ment of a 4w charged particle detector system comprising a large number of
Csl(TI)-|-photodiode detector elements with individual electronics for EUROBALL
was started in 1992 [i1]. Our system would rather be a cube with at least 5x5
elements on a side, than a polihedron, allowing the use of commercial rectangu-
lar photodiodes. Until recently we have been optimising single detection element’s
geometry. Best results to date were obtained with 15 X 15 X 3 mma3 scintillator crys-
tals (Merck) coupled to 10 x 10 x 0.1 mm3 photodiodes (S3590-03, Hamamatsu),
through 5 mm plexiglass light guide glued together with optical cement. All the
side surfaces are wrapped with teflon tape, while the front face is covered with
aluminised 2.5 /xm Hoetaphan foil. Using specially designed miniature preampli-
fier and signal processor [2] the noise contribution from the photodiode is 500-600
rms electron.

The resolution for 662 keV 7 rays of 137Cs is 7.1 % at the photopeak of 81
keV silicon equivalent energy, corresponding to « 34000 photon/1 MeV 7 energy
and consequently to rj —0.81 light collection efficiency.

Best resolutions for 5.5 MeV a particles are « 1.7% at an Si equivalent energy
of « .370 keV. A resolution of 1.3 % with collimated beam, however, and a scan
accross the face revealed « 2% lateral inhomogeneity of light collection, warning
for remaining insufficiences of the construction.
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One of the best detectors has also been tested for a-p discrimination up to 20
MeV at the cyclotron of ATOMKI, with the dedicated particle discrimination unit
(PDU) [2]. An illustrative example of the results is displayed in fig. 1. showing a
good a-p discrimination for energies Ea >4 MeV and Ep >2.5 MeV.
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Fig.1. Illustration of the energy (insert) and particle discrimination capability of a single
channel of the 4a charged particle detection system under construction.
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photodiode detector

J. Gal, B. M. Nyako, G. Kalinka, Z Mate, T. Vass,
G.E. Perez, Z. Varga a, A. Kerek b A. Johnson b

“Graduate student, L. Kossuth University, Debrecen
bThe Royal Institute of Technology, Phusics Dept/Frescati-Stockholm,
Sweden

CsI(TI) is widely used for charged particle discrimination since the scintillation
light is composed of a slow and a fast component, and the time constant of the fast
component and the amplitude ratio of the two vary with the type of the particle.

Basically two techniques are used to exploit the particle discriminations capa-
bility of the crystal: the zero crossing [1] and the charge comparison method [2].
The technique we have developed is principially a charge comparison method, but
its realization differs from the usual ones. Our method is based on the phenomenon
called ballistic deficit, which is the amplitude degradation at the output of a pulse-
shaping circuit due to the finite rise time of the input pulse. The larger the rise
time constant to shaping time constant ratio is, the larger the amplitude degrada-
tion will be. Particle discrimination is possible therefore by comparing the outputs,
for a given input pulse, of two shaping circuits with different time constants, i.e.
different ballistic deficits.

The above mentioned principle was used in the design of a Particle Discrimi-
nator Unit (PDU) the simplified block diagram of which is shown in Fig. 1. The
CsI(TIl) + PIN diode detector [3] is coupled to a newly designed charge sensitive
preamplifier. This construction built of a FET and a current feedback operational
amplifier assures low noise and fast response even at high detector capacity [4].
Because of the integrating transfer function of the charge sensitive preamplifier the
rise-time constant(s) of its output voltage pulse wifi be equal to the decay-time
constant(s) of the scintillation light.

The PDU is composed of three main parts: an amplifier, a shaping circuitry
and two ADCs. The output of the amplifier is connected simultaneously to the
input of along-time-constant unipolar shaper and to that of a short-time-constant
bipolar shaper. The unipolar shaper delivers the ”energy” output, since it results
in no observable ballistic deficit. (This is equivalent to a total charge integration.)
While, the output of the bipolar shaper corresponds to ”particle-type”. Its shaping
time constant is chosen to be in the range of the preamplifier rise-time constant,
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in order to enhance particle discrimination sensitivity, since thus practically it is
only the fast component which is integrated.

For the energy measurement unipolar shaping is chosen since it offers a better
signal-to-noise ratio and smaller ballistic deficit, than the bipolar shaping hav-
ing the same shaping time constant. Correspondingly, for particle discrimination
bipolar shaping is used because of its larger ballistic deficit, and the unnecessity
of baseline restoration. The output pulses of the shapers are converted by two
analog-to-digital converters. The result of the conversion can be stored in a two
dimensional incrementing matrix memory. So in a plot of “particle type” output
against “energy” output the different type of particles wifi be situated along slant-
ing fines of different slopes. The block diagram of Fig. 1. offers a more spectacular
display of the result: making the ratio of ”particle type” and the “energy” signals
and plotting this ratio against the “energy” output, the different types of particles
will be situated along different horizontal fines. In our PDU this ratio is produced
by a high precision analog divider (see Fig. 1).

The figure of merit of the separation depends on the shaping time constant.
Choosing the unipolar shaping time constant large enough the optimum of the
figure of merit can be found as a function of the bipolar shaping time constant.
Fig. 2. displays typical results in “horizontal fine” mode using pulse generator
pulses, the risetime of which is adjusted to correspond to alphas and protons,
respectively.

Fig. 1. Simplified block diagram of the particle discrimination unit (PDU).
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Fig. 2. Typical results in “horizontal” mode taken with artificial alphas and protons,
generated by a pulse generator.
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Building a Vertical Drift Chamber for the
KVI Big-Bite Spectrometer
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The superconducting K = 600 cyclotron AGOR, presently under construc-
tion at the IPN of Orsay, will be installed at the KVI and commissioned in 1994.
The AGOR cyclotron will deliver in addition to the high quality beams of heavy
ions also light ions and in this respect it distinguishes itself from other compact
superconducting cyclotrons such as at MSU and at Catania. In order to take full
advantage of the variety of beams that AGOR will provide a magnetic spectrom-
eter is presently under construction and will be installed next year. This Big-Bite
Spectrometer (BBS) with a maximum central rigidity of 3.1 Tm has a large solid
angle to enable coincidence studies and it will be used at very small scattering
angles including 0°. The combination of this new instrument with a high-energy
(5-20 MeV) 7-ray spectrometer with good resolution [1], will create unique pos-
sibilities for the measurements of the neutron skin thickness of nuclei. In recent
work [2] performed with the old KVI cyclotron a novel method was developed to
investigate this fundamental quantity. The method is based on the fact that the
giant dipole resonance (GDR) excitation cross section by inelastic a-scattering
depends strongly on the neutron skin thickness of nuclei.

Using the beams of AGOR these measurements will be extended to a wider
range of isotopes, including deformed nuclei, for which it is known that the GDR
is split into K = 0 and K — 1 vibrational modes. For these cases it will be possible
to determine the possible differences in deformation for the neutron and proton
distributions. For these measurements we need good energy resolution in both the
magnetic and the 7-ray spectrometer. As a first step in this project we intend to
build a new focal-plane detector for the BBS re-using essential parts of the Vertical
Drift Chamber (VDC) built at KVI [3].

The focal-plane detector is an essential and critical part of the spectrometer.
The position resolution of the detector must be better than dictated by the focusing
properties of the spectrometer. For an incoherent spot size at the target with a
width of 1 mm and a height of 3 mm and using the full solid angle, the image at
the centre of the BBS focal plane is 1 mm (FWHM) measured along the dispersive
direction. To achieve a momentum resolution of 2 * 10~4 one needs an accurate
measurement of the position and the direction of a particle at the focal plane. The
accuracy needed is 0.3 mm (FWHM) for the lateral direction and 2mrad (FWHM)
for the angles in the bend and non-bend planes. In addition, the detector shall be
able to give information that can be used for particle identification such as an
energy-loss signal and a time-of-flight signal.
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In our earlier measurements regarding to the neutron skin thickness of nuclei
{2] we have successfully used a single Vertical Drift Chamber (VDC) which was
built at the KVI [3] for the old Q3D spectrometer. The accuracy of this detector
is 0.15 mm (FWHM) for the lateral direction and 10 mrad for the angle in the
bend plane. The position resolution for the vertical direction in the focal plane
is 0.2-0.3 mm (FWHM). Using the single VDC as a focal-plane detector of the
BBS would result in a momentum resolution a factor of two worse (and the energy
resolution a factor of four worse) than the value which can obtained using ray-
tracing. Therefore we suggest to use two parallel VDC’s which are separated by a
distance of 20 cm and which therefore allow to determine accurately the angle of
incidence in the focal plane in both the bend and non-bend directions.

The detectors shall be positioned parallel to the focal plane, which has an incli-
nation of 52° with respect to the beam direction. This raises a problem connected
to the read out of each VDC. In the previous set-up inside the Q3D spectrograph
the tilt angle of the focal-plane was 45° implying that three to maximum four
wires will fire. This allowed a four-wire read-out. As a consequence of different
design specifications, with the BBS three to six wires will fire. The easiest way to
handle the problem is to use an eight-wire read-out instead of the four-wire one. It
requires only some modification of the delay-fine connections. As a consequence of
the modification we have more channels to handle. For the two VDC’s altogether
we need 32 analog-to-digital conversion channels.

During the 0° measurements the direct beam comes very close to the edges of
the detectors requiring a special design of the detector chamber. Only 66 mm will
separate the edge of the detectors which are inside the chamber from the beam
outside. The wall of the chamber has been designed to be parallel to the beam
direction.

Using the back-side plate (with the Z\E detector) of the existing detector
system a new chamber has been designed. We shall construct it from stainless
steel. One of the VDC detectors shall be mounted to the back-side plate and the
other VDC to the newly designed front-side plate. Both the stainless steel chamber
and the Al-alloy front-side plate will be produced in ATOMKI.

References
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Remote Controlled Isotope Production System at the
Vertical Beam-Line of the Debrecen Cyclotron

L. Ando, I. Dombi, A. Nagy, J. Szadai, I. Szlcs, S. Takacs,
F. Tarkanyi, 1. Mahunka

Cyclotron Laboratory based on the MGC-20 isochronous cyclotron, established
in Debrecen in 1985, partly was dedicated to biomedical research programs [1]. In
connection with these programs a vertical beam-line was developed and build up for
the routine production of radioisotopes [2]. At the first step of this project only the
SPECT isotopes were produced because in our laboratory the PET camera has been
installed only at the end of 1993. Taking into consideration the new requirement to
produce PET isotopes too, it was decided to improve our single target irradiation
facility and rebuild it to a four-target chamber system which is controlled by a PLC +
PC based remote-control system. The main goal of this development was to improve
and simplify the performance of the isotope production in different target chambers
keeping the reliability and efficiency of the irradiations at high level.

Our new irradiation facility can handle four target chambers. From the storage
any chamber can be chosen and transported to the irradiation position by remote-control
mode. At the irradiation position the connection and the installation of the target
chamber with the necessary technical circuits such as vacuum, compressed air, cooling,
etc. are automatically ensured. Sensors from the technical units are connected to the
PLC and their normal working parameters are controlled by the computer system. Error
signals arising from the controlled circuits initiate the programmed stop of the
irradiation switching off first of all the beam from the target.

In the frame of this project target chambers for the irradiation of solid-, liquid-
and gas-targets have been developed too. These chambers are giving possibilities for
the routine production of the most important SPECT (6Ga, "'In, 1) and PET ("C,
BN, B, B) isotopes.

The project partly was supported by the National Committee for Technical
Development.
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High Yield Conical Target Construction for
Production ofnC02

Z. Kovacs, E. Sarkadi, S. Takécs, F. Tarkanyi and L Ando

In our earlier work a 60 cm3volume, 20 cm long water cooled cylindrical type
alumina target was used for the production of both nCH4[1] and nC02[2] intermediere
for the preparation of nC - labelled compounds. The end of bombardment (EOB) yield
of these products varied between 300 - 600 MBg/pA at saturation at Ix106Pa target gas
pressure which could give enough activity for chemical experiments but it is low for
routine production of radiopharmaceticals used in positron emission tomography.

The conical type targets have some advantages against the cylindrical [3], one
of them is the smaller volume of the chamber. This reduces the time of delivery of the
irradiated target gas to the apparatus for chemical syntheses which can be important
when a product of high specific activity is required. The new target chamber is shown
in Fig. 1.

The 1.1 - 2.7 cm internal diameter and 14 cm long (40 cm3) chamber was made
of alumina. The helium gas front cooling unit is sealed by two 25 pm titanium
windows. The collimator unit and the target body, which consist of two parts and sealed
by a silver ring, is cooled by water. 1.6x106 Pa nitrogen gas pressure is required to be
filled for full absorption of 18 MeV protons. However, we tested the target with 14.5
MeV beam at |.IxIO 6 Pa. The irradiated gas is delivered to a trap cooled with liquid
nitrogen and the activity collected is measured by curiemeter. After several test runs
with different currents (5-10 pA) and irradiation time (5-30 min) the yield was 1.6 -
2.2 GBqg/pA at saturation (Ep = 14.5 MeV) which is considerably higher than it was
with the old target and comparable with other values published [4, 5].
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General purpose IBM-PC interfaces
for nuclear instruments

J. Molnar, J. Végh

In interfacing nuclear instruments to IBM-PCs most of the tasks faced are common.
On this basis we developed two general purpose interface cards and the corresponding
software to solve the typical counting and controlling problems. These modules have
been used in developing dedicated data acquisition systems for instruments like the split-

pole magnetic spectrograph[l], the ESA-21 electrostatic electron spectrometer[2] and
the rad hard testing device[3].

The PC-641/0 parallel digital 1/O card provides 64 TTL/DTL compatible digital
1/0 lines, interrupt input and enable lines as well as external connections to the IBM
PC's bus power supplies. The I/O lines are divided into 8 ports. Each port may be
configured as input or output by software and emulates the operation of an 8255
Programmable Peripheral Interface in Mode 0, but provides higher driving capacity than
an 8255. Interrupts can be connected by means of a plug type jumper on the board to any
of the intemipt levels 2-7 ofthe IBM PC bus via a tristate driver with separate enable.

IBM PC I/0 PORT #0 7 TERMINAL
BOARD

INPUT
1-64

STROBE
1-8

OUTPUT
1-64

POWER

Figure 1 The scheme ofthe PC-641/0 parallel digital 1/O card

The PC-40CH general purpose counter-timer card provides 40 channels (eight
AM 9513 counter/timer chips) of 16 bit up/down counters plus frequency dividers for on
board 5 MHz crystal time base. It is a widely used device with flexible and powerful
function modes for many laboratory applications. A selection of various internal/



external signal sources and outputs may be chosen as inputs for the individual counters
with software selectable input polarities. Each counter may be gated either in hardware
or by software. The counters can be programmed to count up or count down in either
binary or BCD. Counters located in one chip can be concatenated by software to form
counters of effective length up to 80 bit. Each counter has an associated Load Register
and a Hold Register. The Load Register is used to automatically reload the counter to
any predefined value, thus controlling the effective count period. The Hold Register is
used to save count values without disturbing the count process, thus permitting the IBM
PC to read intermediate counts. Each counter has a single dedicated output pin. It may
be configured to be off when the output is not of interest. The card has an additional
8259 interrupt controller to extend the interrupt handling capacity of PC.

IBM PC

TERMINAL
BOARD

POWER

GATE
SOURCE
OUTPUT

1-40

EQUT
1-6

IRQ
1-6

Figure 2. The scheme ofthe PC-40CH counter-timer card

Note that parts of these two cards have also been combined in one single board (the
PC-10CH+800+161 combi card) to provide 10 scalers and 96 1/O lines, otherwise it
has the characteristics described above.

The software for these cards was coded mainly in Turbo Pascal and partly in
assembly language. It is able to reproduce the flexibility and power of the hardware. An
elemental (IC-level) and an intermediate (card-level) support is also provided. A special
object oriented interrupt handler routine has been developed which enables the user to
write even the interrupt service part of the measurement control program in a high-level
language safely and easily while it allows to service the interrupts at the possible
maximum speed.

[1] J. Molnér, J. Végh, M. Csatloés and A Krasznahorkai, in this volume.

[2] J. Molnar, J. Végh, A. Kévér, S. Ricz and B. Sulik, in this volume

[3] J. Molnar, J. Végh, G. Dajko, A. Fenyvesi and A. Kerék, in this volume



A control and data acquisition system for the ESA-21
electrostatic electron spectrometer

J. Molnar, J. Végh, A. Kévér, S. Ricz and B. Sulik

The ESA-21 electrostatic electron spectrometer[ 1] since its first release in 1980
has been controlled by a PDP-11 compatible minicomputer, connected to a CAMAC
crate controller. Now the outdated system was replaced with an IBM-PC based control
and data acquisition system. It was designed to meet the specifications common for
measuring devices in the electron spectroscopy. The basic tasks in general are to set the
analyzer energy, to synchronize the measurement (either using real time clock or some
other timing pulses) and to count the incident electrons.

At the ESA-21 two high voltage power supplies are to be controlled, the analyzer
voltage is monitored using a Keithley 5 1/2 digit DVM. Since it measures electron
distribution at 13 different angles, eventually with a coincidence condition, at least two
sets with 13 channels each should be provided. The measurement should be

synchronized using either internal clock pulses or pulses from the target current
integrator.

PC-40CH

Figure 1 The scheme of the ESA-21 data acquisition system
The dedicated hardware (c.f. Fig 1) is based on the general purpose interface

cards[2]. Four output and three input ports on the PC-641/0 parallel digital 1/O card
are reserved to control the spectrometer pass energy and one output port is reserved to
send control information. Two 16-bit values (DACO/1) are sent out to the two Digital-to-
Analog Converters, controlling the spectrometer energy. After setting the new measuring
voltage, the start of measuring is delayed for the setup time of the power supplies. In the
old acquisition system a "worst case" delay time was applied. The present system can

accept a "ready" signal from the power supply, or (jumper selectable, with adjustable
delay) from atimeout counter. This feature can speed up the measurement.
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The voltage on the electrodes of the spectrometer can be monitored, and its
measured value can be read through the input ports as a 24-bit BCD value. When a
conversion is finished, the DVM provides a print signal (READY) that can cause an
interrupt on the 1/O board. This solution allows to use the DVM to verify only the
eventual deviation/noise in the system as well as to make a feedback.

The system can be set up to work in two modes (CH/TIM) of operation. When the
exciting beam is stable, the uniform data acquisition time assures that the electrons
counted at different energies are excited by the same number of incident particles. In
such a case the "time" mode (the synchronizing counter receives pulses generated by the
internal clock) is set. The 5 MHz clock frequency is divided in such a way that the
received pulses will have either 1 Hz or 1kHz frequency, software selectable(l/IkHz).
Usually, however, the "charge" mode should be used, where the pulses (TCI IN) are
generated by some external hardware, usually a current integrator.

One 16-bit counter on the PC-40CH counter-timer board is reserved to count the
synchronizing pulses(IN#40). The other counters are reserved for event counting. They
can be configured in three different ways. In mode A they form 13x32-bit scalers and 13
X16-bit scalers, in mode B three sets of 13x16-bit scalers, in mode C there are two sets,
each of which contains 16 scalers, all but the first being 16-bit long and the first one is
32-bit long.

All the event counters are gated by the output of the synchronizing counter. This
gate is opened by the first timing pulse and closed by the last pulse. In "charge” mode
the system is able to provide a discharging pulse for the integrator and this pulse can also
be used (jumper selectable, with adjustable delay) to open the gate. This feature can
make the Use of the accelerator time more effective.

Based on the software for the general purpose cards, a simple measurement control
program was prepared. After the successful testing, preparation of a more refined
measurement control program with data display and evaluation abilities are in course. In
its final form the software will consist of a resident data acquisition and measurement
control program that is interfaced to the user either with and independent data display
program or the more sophisticated data evaluation and display program.

[1] D. Varga, |. Kadar, S. Ricz, J. Végh, A. Kovér, B. Sulik and D, Berényi: Nucl.
Instrum. Meth. A313(1992) 163-172.

[2] J. Molnér, J. Végh, in this volume
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Development of a multiparameter data
acquisition system for the split-pole
magnetic spectrograph

J. Molnar, J. Vegh, M. Csatlos and A. Krasznahorkay

The focal plane detector of the Split-Pole magnetic spectrograph installed in
our institute [1] is constructed by using 5 silicon position sensitive detectors. Each
of these detectors supplies two analog signals. One of them is proportional to the
energy of the detected particles while the other one carries information about
the position of the detected particles. For the investigation of the superdeformed
states in the actinide region [2] we intend to measure also the time of flight of the
particles travelling through the spectrograph and the time difference between the
spectrograph detectors and a few fission detectors positioned close to target.

The schematical block diagram of the setup can be seen in Fig. 1. The energy
and position signals of the charge sensitive preamplifiers are amplified by delay-
line amplifiers. After passing the linear gates, the energy and position signals of all
detectors go to two main amplifiers with additional shaping networks and base line
restorers. Finally the pulses reach the ADCs. The logic pulses from the discrimina-
tors are sent to a bitbox, which generates all control signals and the identification
bits for the detectors. The third ADC is used for the digitalization of the corre-
sponding time-of-flight signals, while the fourth one is for the digitalization of the
time difference between the focal plane and fission fragment detectors.

Fig. 1. Schematical block diagram of the electronics

To estimate the dead time of the detectors, to measure the charge collected by
the Faraday cup and the diafragmas and to measure the count rate of the different
fission fragment detectors a hardware unit based on the PC-40CH general purpose
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counter/timer card[3] was constructed. To read out the signals generated by the
four ADCs, the bitbox and the scalers, a multiparameter data acquision system
based on the PC-641/0 parallel digital 1/O card [3], a connected IBM PC/AT and
a SUN Classic computer was developed.

The incident particles trigger an interrupt signal for the computer which reads
out the address(-fident) information from the ADCs, stores it temporarily in a
double buffer and writes it up in blocks in a disk file - which appears already
on the disk of the SUN computer via ETHERNET and PCTCP protocol. This
solution allows for quasi-online analysis of the measured data by the program
PAW (Physics Analysis Workstation)[4], developed at CERN, and causes no loss
in the data acquisition speed.

The data acquisition program is based on the service routines of the two inter-
face cards. For speed reasons, the interrupt service routine was coded in assembly
language and only a minimum display function was implemented. The maximum
readout time is <100 /isecs on a 40 MHz IBM-PC/AT.

Test measurements using Si position sensitive detectors have been carried out
to demonstrate the capability of this data acquisition system. Some preliminary
results can be seen in Fig. 2. The above setup was also checked in 77-coincidence
measurements using 4 HPGe detectors.

Fig. 2. A typical proton spectrum measured with the magnetic spectrograph.

This work has been supported by the OTKA Foundation, No: 7486 and 3004.

1 A. Krasznahorkay, S. Torok and L. Félegyhazi, ATOMKI Ann. Rep. (1992) 122
2] A. Krasznahorkay et al., ATOMKI Ann. Rep. (1993)

[3] J. Molnéar and J. Vegh, ATOKI Ann. Rep. (1993)

[4] R. Brun et al., PAW User’s Guide Version 1.07, CERN, Geneva (1989)
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Rad Hard tests of static RAMs

J. Molnér, J. Végh, G. Dajko, A. Fenyvesi and A. Kerekt
tThe Royal Inst. Technoi., Dept Physics/Frescati, Stockholm,
Sweden

In nuclear physics experiments some electronic circuitries should operate in a severe
radiation background. To improve their radiation tolerance, in the fabrication of these
chips special technologies and packaging are used. In order to gain experience and prepare
for the future integration of such components, in the frame ofthe CERN FERMI RD-16
project[l] the radiation tolerance of a standard bulk CMOS memory is compared with
some radiation hardened SOS memories.

For the automatization of the rad hard measurements, an KOM-PC based test setup(Fig. 1),
as well as data collection and analysis software have been developed. The RAM ICs were
irradiated by gamma and neutron sources. In gamma field, both the total number of errors
(Fig. 2) and especially the number of failing cells (Fig. 3) were significantly lower in the
special rad hard RAM IC. In neutron field, no errors were detected in the rad hard IC,
while in the standard memory practically constant error rate (Fig. 4) was experienced and
the number of failing cells increased uniformly (Fig. 5) with the received flux. Note that
in all cases a celar distinction of the expectedrO/received: 1and its opposite type errors
were observed, both in the dynamic (pattern read back promptly after writing) and static
(irradiated for some period before reading back the pattern) storage tests.

[1] Status Report on the FERMI Project, CERN/DRDC/92-26, RD-16/May 1, 1992

Figure 1. The test setup

156



9sop ewweh Jo uonosuny se
s||a2 Buljiey jo JequinN ‘7 84nbi4

XNJJ UOJINBU JO UOIJUNJ S
s]199 Bulrey Jo JaquinN °g a4nbiq

157

( wa/u Ho_tx:: uoJInaN ( Wwo/y Ho?vx:: UoJ4INaN
0L 0§ 0€ oT L g € 0L 09 (013 oT L g €

=

[a0]

T

X

X

=

m

o

ee]

%

B =8 50 s0 GTE «
8 oo o 57 |ﬂﬂOHW« o
oV &2 Yoo BoL o8B

—
=

D
o

o

o

z/

Xiqjx/aiOiio/sjojjg

mNign/aja™o/sjojjg



Construction and Installation of an X-Ray
Diffractometer for Materials Science
Investigations

M. Kis-Varga, D.L. Beke * I. Gél, J. Gal, Gy. Hegyesi,
P. Kovacs and M. Molnar

ADepartment of Solid State Physics, L. Kossuth University, 4010
Debrecen, P.O. Box 2., Hungary

A few years ago a Siemens Kristalloflex 710H X-ray generator with FK 60-04
Mo anode X-ray tube was installed in ATOMKI. One of the four exit windows of
the X-ray tube was used for constructing a secondary target excitation arrange-
ment [1] for XRF analysis applications. The line focal spot of the tube gave us the
chance to build up an X-ray diffraction device, too, by using another exit window.

Within the framework of TEMPUS Project JEP 1586-91 Prof. H. Mehrer (In-
stitut fur Metallforschung, Westfélische Wilhelms-Universitat Minster) provided
a used Siemens goniometer to the Department of Solid State Physics of L. Kossuth
University. This horizontal goniometer was mechanically fitted to the X-ray tube.
New entrance- and receiving slits as well as a sample spinner was mounted on the
goniometer table. The old push button controlled motor driving was replaced by
an IBM PC controlled stepping motor.

Fig. 1 shows the block scheme of the control and data acquisition system of the
diffractometer developed in ATOMKI. The detection of reflected X-rays during the
9/29 scan is performed with a silicon PIN photodiode (Hamamatsu S3590-03) built
in the box of a low noise charge sensitive preamplifier. The preamplifier is followed
by a shaping amplifier. A unipolar semigaussian shaping is used, and the maximal
peak to noise ratio is achieved at a time constant of 10 //s. The nominal gain of
the amplifier is variable from 512 to 2048 in binary steps. The output pulses of the
amplifier are led to a differential discriminator. The PC-5CH &T61/0 is a general
purpose counter/timer and 16 bit digital input/output card. It provides 5 channels
of 16 bit up/down counters plus frequency dividers for on board 6MHz crystal time
base. The 1/O lines are divided into 2 ports, which emulate the operation of an
8255 Programmable Peripheral Interface. Each of the ports may be configured as
an input or an output by software according to the control register. Handling of
an interrupt is controlled by the 8259 Interrupt Controller located on the board,
too.

The control of the goniometer and the acquisition of the detected radiation
is made by the PC-XRD program. This software utilizes a windowing technique
with pull down menus for user friendly operation. All important parameters are
displayed on the monitor along with the spectrum area. The analyser functions
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Fig.l. The block scheme of the control and data acquisition system of the X-ray diffrac-
tometer

axe as follows: erase, start/stop acquisition; set of scan parameters (step size, start
angle, end angle, scan time, average mode); expand/compress spectra in horizon-
tal or/and in vertical direction; ROI operations (set/delete ROI, background and
K a2 stripping, calculation of ROl parameters); sector operations (compare and
add/subtract spectra); automatic measurement and save of maximum 10 different
preprogrammed scans. The file operations are: save/load spectrum data in binary
or/fand ASCII form; directory of current disc; peak evaluation and save/load re-
sults; smoothing of ROI.

The diffractometer has been succesfully used for study the properties of me-
chanically milled nanocrystalline metall powders [2]. In order to improve the angle
resolution of the system a copper anode X-ray tube is planned to be installed in
the near future by help of TEMPUS Project mentioned above.
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Influence of pressure on Measurements with
Membrane Inlet Mass Spectrometry

|.Futo, H.Degn*
eInstitute of Biochemistry, Physical Biochemistry Group
Odense University, DK-5230 Odense M Denmark

The effect of pressure on the signal of a membrane inlet mass spectrometer
was investigated using different membrane inlets of common design, namely the
type with a flat membrane, either non-supported or supported by a porous disk
or a plate with small holes. Fig.l. Both gaseous and liquid samples were used.
We found that a non-supported silicone rubber membrane covering an orifice of
Imm diameter behaves almost ideally when the sample is pressurized at up to 1
bar above the atmospheric pressure. With a membrane of 2mm diameter there
are significant deviations from ideal behaviour due to elastic deformation of the
membrane. When a non-supported membrane is repeatedly pressurized up to 5
bar above atmospheric pressure the membrane properties change irreversibly and
strongly non-linear effects such as hysteresis are observed. When the membrane is
supported by a surface perforated small holes the signal decreases strongly with
increasing pressure. The explanation is that membrane gets pressed tighter onto
the supporting surface, thus reducing the space available for lateral diffusion of
analyte. This effect is also seen, although to a lesser degree when membrane is
supported by a porous disk. The results are pertinent to the design of membrane
inlets to be used where pressure changes may occur.

Fig. 1. Schematic drawing of tested inlets
A:measuring cell; B:membrane; C:non-supported type inlet;
D:porous support; E: support with small holes.
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We found that pressure effect are insignificant with a membrane inlet with
an non-supported membrane of a small diameter (1 mm ). Also an inlet with the
membrane supported by a porous plug is not very pressure sensitive. However,
inlets where the membrane in supported by surface with small holes in it are very
sensitive to changes of pressure. Also inlets with non-supported membranes of a
diameter more than 1.5 mm are unfavourable with respect to changing pressure.
When the signal versus pressure curves of different compounds in liquid mixtures
were measured it was observed that at the higher pressures the signals due to
different compound did not respond in parallel. We have done measurements with
various compounds and it seems to be a rule that the signals of polar compounds
increase with pressure whereas the signal of less polar compounds decrease with
pressure. This phenomenon may indicate that the stretching of the membrane
changes the properties of the membrane material in such a way that the diffusion
of nonpolar compounds is affected in a negative direction. Fig.2. The position of
the hysteresis loop also depend of the thickness of the membrane. The porous sup-
ported membrane inlet not suitable for the measuring heavy organic mass because
on the big surface in the porous plug can easily stick the organic molecules in-
crease the rensponse. The best one among the three tested membrane inlet found
the non-supported membrane with Imm diameter.
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Fig. 2. QMS signal changes for polar and non-polar compounds
(1,4 dioxan m=88 a.m.u.ethyl acetate m=61 a.m.u.)
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Computer aided design of magnetic traps
for ECR ion sources

J. Vamosi and S. Bin

The ECRIS (Electron Cyclotron Resonance lon Source) project of the ATOMKI
[1] started in January of 1993. The designing ofthe magnetic system has been finished by
the end of 1993. To help the designing and to study the behaviour of complex charged
particle traps an effective computer code (called TrapCAD) has been developed

TrapCAD makes it possible to study the magnetic field inside the plasma chamber of
ECR ion sources in three dimension. The magnetic field consists of a longitudinal
component created by several solenoids of cylindrical symmetry and a transversal one
created by a linear multipole (Yoffe-) type permanent magnet system. The superposition
of the two components forms a 'B-minimum' geometry, where the field grows if one
moves from the center of the volume to any direction.

The commercially available magnetic field calculation codes usually used for ECR-
calculations (e g. POISSON/PANDIRA) are two-dimensional applications with ASCII-
type output. TrapCAD is a graphical application for IBM PC. Having loaded the
contents of output data files of those 2D codes, TrapCAD switches to the graphics
screen and the schematic front and the side view of the ECR chamber is displayed (Fig.
1). The pushbutton functions can be activated by pressing them with mouse or from
keyboard.

The main functionalities of TrapCAD:

(1) Drawing magnetic field lines through any point of the chamber. Calculating
several kinds of mirror ratios of the lines.

(2) Drawing flux tubes (a flux tube consists of field lines originated from one of the
end-plates of the chamber with equal steps azimuthally at a given radius).

(3) Calculating the resonant zone parameters and drawing the zone (the resonant
zone of an ECR ion source is a surface where the value of B is constant and the
condition of electron cyclotron resonance is fulfilled: B = (m/e)*© ).

(4) Simulating the movement of a charged particle in the chamber. Two types of
simulation can be chosen: to visualize the whole trajectory or to draw only the guiding
center ofthe path (averaged trajectory). Fig. 2 shows the resonant zone and the averaged
trajectory of an electron. TrapCAD produces DXF type files as output which can be
displayed in AutoCAD. Using the wide-range set of tools providing by AutoCAD one
can visualise the structure of the magnetic bottle in 3D.

TrapCAD is a real mode MS-DOS application coded in C/C++ language. The
differential vector equation of the field lines was solved by the Runge-Kutta method. To
calculate the particle path a simple but fast time-centered leapfrog scheme [2] was used.

This code was intensively used to optimize the magnetic configuration of the
Debrecen-ECRIS. A detailed description of TrapCAD and its application for the ECR
project can be found in [3].
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Fig. 1. Hardcopy ofthe VGA screen when running TrapCAD

Fig. 2. The motion of the guiding center of an electron path inside the resonant zone. The figure is
plotted in four different views by AutoCAD. Only the half of the whole closed trajectory is
delineated for clearness.
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Status of the ECRIS Project

S. Bin and J. \Vamosi

After a long and uncertain preparation period of time the ECRIS (Electron
Cyclotron Resonance lon Source) program of the ATOMKI effectively started in 1993.
The main goals of the program and the planned future usage of the ion source have been
described elsewhere [1,2]. The ECR ion source first will be applied for low energy
atomic, solid state and plasma physics research. In a later time it can be mounted on a
high voltage platform or joined to a post-accelerator or to the cyclotron. However, the
financial support and the necessary man-power for these latter tasks has not been
ensured yet.

The costs of investments of the ECRIS program are supported by the World Bank
through the National Scientific Research Fund (OTKA)I. For the successful performing
of the program a new group (called the lon Source Developing Group) was established
in the ATOMKI. Being a newcomer in the field of ECRIS, one of the most important
and urgent tasks of the group was to find partners within the international ECRIS
community. Beyond the already existing contacts of the institute (e g. with the
Universities of Frankfurt and Jyvaskyld or with the Dubna Institute) new co-operations
began (with, among others: University of Louvain-la-Neuve, University of Giessen,
MSU in East Lansing and CENG of Grenoble) at different levels.

It turned out to be especially important and useful a co-operation with the Institut
fur Kernphysik of the University of Frankfurt am Main where a 14 GHz ECRIS and a
Radio Frequency Quadrupole (RFQ) post-accelerator are being developed. After careful
investigation of different possibilities and ways it was decided that to design and built our
ion source first of all the Frankfurt-ECRIS, as base, will be considered. Some parts of the
Debrecen-ECRIS will be directly derived from the Frankfurt-ECRIS while others (see
below) must be significantly re-designed - accordingly to our requirements and limited
financial possibilities.

The working principle of the ECR ion sources can be found in many papers. The
Debrecen-ECRIS will be a room-temperature, one-stage, as compact as possible, 14
GHz ion source. Dimensions ofthe plasma chamber: 20 cm long and 6 cm in diameter.

The main task in 1993 was to design the magnetic system of the source. The
magnetic field in the chamber ofthe ECRIS consists of a longitudinal component created
by several solenoids and atransversal one created by a hexapole configuration permanent
magnet system.

A 24-segments, closed Halbach's type hexapole was choosed. The magnetisation of
the segments can be seen in Fig. 1. Length of the magnet is 200 mm, inner diameter is 65
mm, outer diameter is 135 mm. We strongly reduced the outer diameter comparing with
other, existing hexapoles (e g. with the Frankfurt hexapole) and obtained one of the
thinnest hexapole of this type ever used in ECR ion sources. This way an approx. 40% of
the magnet volume (and, consequently, of the price!) was saved while the decreasing of
the magnetic field strength in the chamber is less than 20%. The magnetic calculations

1Contract number: A077.
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were performed using the PANDIRA code. The hexapole was ordered from Outokumpu
(Finland).

Another important consequence of choosing a thinner hexapole was that we could
decrease the inner and outer diameter of the solenoid coils as well. Furthermore, a
relatively thick (5 cm) iron yoke around the two coils and also iron rings at the ends of
the hexapole were carefully designed. This way the electrical power consumption,
necessary for the magnetic system, could be reduced from the initially calculated 120 kW
downto around 80 kW. This also significantly decreased the price of the power supplies
and the future power consumption of the ion source. In Fig.2. the schematic view of the
magnetic system can be seen (half of the elements are drawn in a cylindrical co-ordinate
system). The 2 iron rings at the ends of the hexapole are optional and their final shape
(especially at the extraction side) will be different from those in the picture. Four coils
( consisted of 5, 2, 2 and 5 double pancakes) will be formed, however, three 55 V/500 A
DC power supplies is enough to feed them (the middle two thin coils will be electrically
connected). This way one can set any required magnetic profile along the axes of the
system. The inner diameter of the pancakes is 17.5 cm, the outer diameter: 50 cm. The
highest closed magnetic surface inside the plasma chamber is expected slight above 1
Tesla (the resonant field is 0.5 Tesla for 14 GHz) that is still quite enough for highly
charged ions. The magnetic calculations were performed using the POISSON and our
newly developed TrapCAD [3] codes.

axis

Fig. 1. Arrangement of the hexapole segments. Fig. 2. Schematic view of the magnetic
Arrows show the directions of the system. 1,2: iron, 3: coil, 4: hexapole
magnetisation. magnet, 5: plasma chamber.

The pancakes and the power supplies have been recently ordered. Some more
details about the magnetic system can be found in [3].

In 1993 the 14 GHz VARIAN transmitter and some computer hardware and
software tools (for designing and for future operation and control) were also bought.
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Activities at the Van de Graaff Accelerator
Laboratory

L. Bartha, A.Z. Kiss, E. Koltay, Gy. Mdrik,
E. Somorjai and Gy. Szabo

During 1993 the beam time of the VdG-1 machine amounted to 839 hours.
The accelerator delivered proton and helium beams for atomic physics, as long as
791 hours, and it produced carbon beam in 48 hours for applications in surface
science. The new beam line of VdG-1 has been completed in this year.

The 5 MeV Van de Graaff machine was operating for 1260 hours during this
period, protons (65 %) and 4He+ ions (35 %) were accelerated (Table 1).

Field Hours %
Atomic physics: 660 52
Analytical studies: 519 41
Machine tests: 81 7
Total: 1260 100

Table 1. Time distribution among different research activities at VdG-5

The acceleration tube of the 5 MV machine worked for about 8000 hours
earlier and gradually lost its high voltage insulating capability. It was dismounted
in the first half of the year and cleaned by a special method [1] based on sand
blasting. The rebuilt acceleration tube has been working properly during the last
about 1000 hours holding the high voltage of the accelerator mostly above 4 MV.

Steps have been made for the building up of a proton microbeam facility at
the 5 MV Van de Graaff accelerator in the years 1994-95. Independent financial
sources have been provided by the National Foundation for Scientific Research
(OTKA-A-080) and by the International Atomic Energy Agency (IAEA-CRP-
7257/RB) for ordering the basic electron-optical units, computer software and
optical zoom microscope from Oxford Microbeam Ltd. We received these units by
the end of 1993. Manufacturing of beam transport elements, vacuum system and
target chamber to be done by Institute’s staff is in progress.
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Status Report on the Cyclotron

A. Valek

The planned operation of the cyclotron was similar to that of the previous
years, though the total beam time was somewhat larger. The utilization of the
machine was concentrated to 9 months; January, July and August were reserved

for maintenance and holiday.

The overall working time of the cyclotron was 4560 hours and the break down
periods amounted up to 318 hours. The cyclotron was available for users during
3748 hours, the effectively used beam time is summarized in Table 1. (FERMI:
Front-End Readout Microsystem, Radiation hardness measurements, CERN RD-
16). Low energy protons, down to 3.3 MeV, were succesfully accelerated for nuclear
spectroscopy studies. In the maintenance period only the regular repairs and test

runs were carried out.

Table 1. Effectively used beam time

Projects

Nuclear spectroscopy
Nuclear reactions
Neutron physics
Particle spectroscopy
Nuclear astrophysics
FERMI

Detector development

Applications

Total

Beam time
(hours)

811
280

68
309
172
226

68

1225

3159

%

N
I\)\IU‘IBN(D@

39

100
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