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Preface

The first year of the millennium has passed smoothly. There was no U-turn in the life and man-
agement of the Institute though there were a few notable events.

In the Preface of the 2000 Annual Report | mentioned that a new major scheme had been launched
by the government for the support and stimulation of research and development. The Institute had
some stake in the first year, and was co-winner as consortium member in two projects: Innovation
Centre for Solar Cell Technology and Contamination of the environment by atmospheric aerosol. In
the former we have to support technological development work by analysing the surface of solar cells
with the methods of photoelectron spectroscopy. The latter project involves us on account of the
aerosol monitoring studies pursued for many years and our recent studies of the microstructure of the
aerosol samples. This year we are participants of three major projects that have got to the final round
and thus may be among the winners.

Two applied research projects of national significance concerning radioactive waste management
in Hungary have been completed. We carry on innovative work on the monitoring of the potential
environmental pollution of nuclear energy production in the country.

There has been an important development in the relationship of ATOMKI to the University of
Debrecen. We used to have a Joint Department of Physics, whose activity was focussed on the teaching
of environmental physics. The university used to have a Department of Isotope Techniques. Part of
the latter has now been detached and merged into the Joint Department under the name of Joint
Department of Environmental Physics, and moved to the premises of ATOMKI.

The subject of the Physics Days, the local ‘public feast’ of physics was the centenary of quantum
physics. Some of the best popularizers of the country gave talks on the principles and peculiarities of
guantum mechanics, on quantum teleportation, on some macroscopic-scale quantum phenomena and
on recent attempts to go beyond quantum mechanics.

We held no international conferences this year, but the proceedings of those three held in the
year before appeared this year. Moreover, there was a joint symposium with the participation of
the Institute in Japan. As a concerted action with the University of Debrecen, back in 2000, we
had signed an agreement of cooperation with Niigata University (Japan). The Debrecen signatories
were the Faculty of Science and ATOMKI, while the Niigata partners were the correspondig faculty
and graduate school. In May, 2001, there was a joint symposium held in Niigata to stimulate the
cooperation between the two parties. There were six Debrecen participants. Professor Yasuyuki Suzuki,
the mastermind of the cooperation agreement, was conferred an Honorary Degree at the University of
Debrecen in November, 2001.

As for notable results, first | should mention a piece of instrument construction, a strong but
recently declining tradition here. The light-charged-particle detector system DIAMANT, which was
originally developed in Bordeaux, has been completely upgraded jointly with CENBG (Bordeaux).
When combined with 7-ray detector arrays, DIAMANT thoroughly enhances their selectivity, and
thus their utility. It may, e.g., give a better chance for hyperdeformed nuclear bands to show up. The
most prominent features of the upgraded DIAMANT are fast, compact and sophisticated modern
electronics and excellent particle discrimination. It is being used in combination with EUROBALL
(Strasbourg), with EXOGAM (GANIL, Caen) and elsewhere.

A new perspective has been opened for electron spectroscopy by deployment of a Debrecen spec-
trometer at the Lund synchrotron. Auger electrons and photoelectrons are detected in coincidence,
and complicated spectra coming from multiple initial states have been disentangled for the first time.
The investigations of this type provide very detailed and thorough tests of atomic wave functions.

The group working on ion-beam analysis has started a program on the identification of light
elements in samples. They have recognized that deuteron-induced 7-ray emission (DIGE) may be a



most efficient tool for this purpose, and started to measure excitation functions of this process for
later use in analyses.

The small group working on perturbative quantum chromodynamics has been remarkably success-
ful, and their results axe rated high at CERN as well. They have recently constructed a numerical
program for calculating multijet cross sections in deep inelastic scattering production at the next-
to-leading order accuracy. They have calculated the three-jet differential distributions as functions
of the momentum transfer, the Bjorken variable and the three-jet invariant mass. Adding the next
corrections to the leading-order predictions, they found remarkable agreement with the data obtained
at DESY, Hamburg.

It is also the result of last year’s efforts that we have given a fully satisfactory microscopic descrip-
tion of the most famous halo nucleus, n Li, as a system of a+t+n+n+n+n clusters. It has been shown
that the 9Li ‘core’is substantially distorted in 11Li, which reduces the (still sizeable) neutron skin, and
all measured nuclear properties are reproduced. The submodels also describe all of the nuclei 7~n Li
successfully.

The Szalay Prize of the Institute for research in basic science was awarded to Dr. Béla Sulik for
his experimental and theoretical studies of ionization processes and multiple scattering in ion-atom
collisions. One of the ‘Physics Awards’ by the Academy of Sciences was received by Dr. Z. Trocsanyi
for his results in the application of perturbative quantum chromodynamics to particle physics. For my
studies of nuclear clustering, | have been granted the ‘Simonyi Fellowship’, which is an award of high
prestige established by a private donation.

We often say that ATOMKI has less reputation nationally than internationally. Our national
reputation has however been boosted now by the fact that at last year’s Assembly of the Academy
of Sciences as many as four of our members have been invited to give review talks of their research
field: Zs. Fulop, A. Krasznahorkay, S. Ricz and B. Sulik. At this point it should be mentioned that
A. Kovach was re-elected last year as Secretary General of E6tvds Physical Society for another two
years.

Last year | reported on a shock-wave of candidates for the DSc. degree in the pipeline. Now I
can report that all of them (A. Krasznahorkay, A. T. Kruppa, E. Somorjai and T. Vertse) have been
awarded the degree.

The financial and personnel conditions at the end of 2000 are given in the pie diagrams to follow
this Preface.

This Animal Report has been prepared in 1ALLX and will be available at the web-site at
www.atomki.hu in HTML, DVI, PDF and PS(.GZ) formats.

Debrecen, 22 March 2002

Rezs6 G. Lovas
Director
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Data on ATOMKI

At present the Institute employs 192. persons. The affiliation of personnel to units of organization

and the composition of personnel are given below.
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Research Professor

General Services Personnel

Administrator |
6%

Librarian
1%

m

Technician and
Lab Assistant

18%

Engineer
6%

1%

Scientific Advisor
6%

Senoir Research Associate
\ 26%

,/ Research Associate
12%
Research sBistetant
and PhD Student
6%

Figure 1. Composition of personnel



Finance

The total budget of the Institute for the year 2001 was 931 million Hungarian Forints. The
composition of the budget and the share of personnel expenditure within the budget are shown below.
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Figure 1. Composition of the budget of the Institute
MTA: Hungarian Academy of Sciences
OTKA: National Fund for Scientific Research

OMFB: National Committee for Technological Development
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Non-personnel
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Figure 1. Breakdown of expenditure into personnel and non-personnel expenditures
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1.1 Breakdown of VT symmetry in solvable potential models

G. Lévai, M. Znojila)

Recently a number of complex one-
dimensional quantum mechanical potentials
have been found to possess real energy eigen-
values under rather general conditions. These
potentials are not Hermitian, but they are in-
variant under the simultaneous action of the V
space and T time reflection operations. These
'PT-symmetric potentials have the property
[V(-x)]* = V(x).

It was also found, that VT symmetry does
not necessarily lead to completely real spec-
trum, and examples have been found where
part or all of the energy spectrum of a poten-
tial is complex. Since the Hamiltonian retains
VT symmetry, while the wavefunctions do not,
this phenomenon has been interpreted as the
spontaneous breakdown of VT symmetry. In
general, no criteria have been found for this
breakdown of the symmetry, however, complex
eigenvalues typically appeared when the imag-
inary part of the potential reached a critical
strength. We analysed two different families
of potentials [1,2] to formulate criteria for the
breakdown of VT symmetry.

Following an earlier work of us, in which
we gave conditions for real energy eigenval-
ues in the VT symmetric versions of shape-
invariant potentials, we formulated conditions
for having normalizable complex-energy solu-
tions in the same potentials [1]. The potentials
we analysed had the common feature that they
could be made VT symmetric by applying an
imaginary coordinate shift x —x Tie to them,
besides changing some of their parameters to
imaginary values. Although this imaginary co-
ordinate shift formally takes these potentials
off the real x axis, they can still be consid-
ered as potentials defined on the real axis be-
cause the potential functions can be rewritten
such that 6 appears only in the redefined pa-
rameters of these potentials. This treatment
could be applied to all shape-invariant poten-

tials (the simplest subset of the general Natan-
zon potential class) with the exception of the
Coulomb and Morse potentials, in which cases
VT symmetry could be implemented only if
these potentials were defined on a bent contour
of the complex x plane. We have shown that
with the exception of two cases (the Rosen-
Morse Il and the Eckart potentials) complex
energy eigenvalues can appear at certain val-
ues of the potential parameters, and they al-
ways appear in complex conjugated pairs [1].
Furthermore, for these shape-invariamt poten-
tials the energy spectrum always contains ei-
ther only real or only complex eigenvalues, so
these two types of energy eigenvalues do not
mix [1]. Our study confirmed earlier findings
for two potentials (the hyperbolic Scarf and
the harmonic oscillator potentials), and in ev-
ery other cases it lead to new results.

In another study [Z] we analysed the com-
plex square well potential in order to find crite-
ria for the spontaneous breakdown of VT sym-
metry. This potential is defined in the x €
(—1,1) domain as k(i) = xizZ for Re(x) <0
and > 0, respectively, where Z is a constant.
We found [2Z] that all the energy eigenvalues are
real if |Z| < 4.48, but then the lowest energy
level splits into a pair of complex conjugated
energy eigenvalues. The second critical point
was found at |Z| ~ 12.80155: above this |Z]
value the second energy eigenvalue also split-
ted into two complex ones. It is to be noted
that in contrast with the shape-invariant po-
tentials studied in [1], the energy spectrum of
the complex square well the energy spectrum
can be mixed.

a) Nuclear Physics Institute of Academy of Sciences
of the Czech Republic, Rez, Czech Republic.

[1 G. Lévai, M. Znojil, Mod. Phys. Lett. A16 (2001)
1973.

[ M. Znojil, G. Lévai, Mod. Phys. Lett. A16 (2001)
2273.



1.2  Spectral properties of an exactly solvable Natanzon-class potential

G. Lévai, M. Znojilaa R. Roychoudhury®, P. Roy”

In non-relativistic qguantum mechanics the
most general class of exactly solvable poten-
tials is Natanzon (or Natanzon confluent) po-
tentials. The main feature of these poten-
tials is that their bound-state solutions are ex-
pressed in terms of a single (confluent) hyper-
geometric function. They depend on six pa-
rameters, thrée of which are related to the
variable transformation z{r) connecting the
wavefunctions tp(r) with (confluent) hyperge-
ometric functions. In the most general case
both the z(r) function and the bound-state en-
ergy eigenvalues are determined by an implicit
equation, which depend on the parameters.

An example for a potential with implicitly
determined energy spectrum is

YOK) ¢ z(x) + z2(x) 4z4(x) 7 (D)

where z(x) = [l+exp(—2a:)]¥/2. This potential
was generated from the shape-invariant Eckart
potential in [1] by means of the point canonical
transformation method, and it was identified
as a conditionally exactly solvable (CES) po-
tential, arguing that it is solvable only under
the condition that the coupling parameter of
the last term is a constant, —3/4.

A peculiarity of this potential is that its
bound-state eigenvalues are obtained by solv-
ing a cubic algebraic equation for the principal
guantum number n. Obviously, one expects
then that only one of the three roots can lead
to physically meaningful energy, however, this
point has not been proven consistently in [1].
We analysed potential (1) and obtained the fol-
lowing results [2]:

» We proved that from the three roots the

middle one gives the physically accept-
able energy eigenvalue.

» We gave a supersymmetric reinterpreta-
tion of this potential.

* We showed that (1) is, in fact, a Natan-
zon class potential, and therefore its in-
terpretation as a CES potential is mis-
leading.

The implicit nature of the energy spectrum
also raises questions about the VT symmetric
version of (1). VT symmetric potentials are
complex and satisfy the relation [V(—=)]* =
V{x), nevertheless, their energy eigenvalues
are real under rather general conditions. In
general, their solutions obey less strict bound-
ary conditions, and therefore they have a richer
energy spectrum than their Hermitian coun-
terparts. We constructed the VT symmetric
version of (1) defined on a contour of the com-
plex x plane [3], and showed that the number of
bound states double, and this is secured by the
fact that out of the three roots, now two lead
to physically acceptable eigenfunctions. So, in
addition to n, a parity-like quantum number,
g = *1 is also needed for the unambiguous
classification of the states.

a) Nuclear Physics Institute of academy of Sciences of
the Czech Republic, Rez, Czech Republic

b) Physics and Applied Mathematics Unit, Indian
Statistical Institute, Calcutta, India

[ R. Dutt, A. Khare, Y.P. Varshni, J. Phys. A28
(1995) L107.

[ R. Roychoudhury, P. Roy, M. Znojil, G. Lévai,
J. Math. Phys. 42 (2001) 1996.

[3] M. Znojil, G. Lévai, P. Roy, R. Roychoudhury,
Phys. Lett. B290 (2001) 249.



I. 3 Composite dynamical symmetries

J. Cseh

A quantum mechanical system is said to
have a dynamical symmetry when its Hamil-
tonian can be expressed in terms of Casimir
operators of a chain of nested subgroups:

GdG'dG"d ... (2)

Let us consider a system of two components
(1 and 2), each of them described by an alge-
braic model with group-structure G\ and G"-
If the particle number of the two components
are conserved separately, then the algebraic
model with group structure G\ 0 G2 usually
proves to be a successful approach, and it con-
tains some dynamical symmetries.

Deeper symmetries, with essentially differ-
ent nature arise from the embedding of the di-
rect product group G1CG2into a larger group:

Go 3 Gi 0 Gaz. 3)

Some generators of Go transform particles of
type 1into particles of type 2.

Famous examples for the composite dy-
namical symmetries are provided by the su-
persymmetric models of particle and nuclear
physics. Then the two components are the
bosonic and fermionic ones, and the super-
transformations take bosons into fermions or
vice versa. The group-structure ofthe model is
given by a super (graded) Lie group: U(n/m).

The typical supersymmetric models of
particle physics contain Hamiltonians (La-
grangians) which are invariant with respect to
some supertransformations [1], while the typ-
ical supersymmetric models of nuclear struc-
ture do not show such invariance [1,2]. Nev-
ertheless, the multiplet structure of the lat-
ter case is also defined by the representations
of the appropriate supergroup, and the physi-
cal operators establish well-defined connection

among the members of the supermultiplets.
Due to this reason we talk about strong super-
symmetry in the first (really superinvariant)
case, and about week supersymmetry in the
second (not superinvariant) case.

From the mathematical viewpoint the dif-
ference is reflected by the subgroups describing
the symmetry-breaking interactions: in case of
strong supersymmetry there is (at least one)
supergroup among the subgroups, while in the
week supersymmetry case only classical Lie
groups appeatr.

Week and strong composite symmetries
can be found among other composite dynam-
ical symmetries as well. As an example for
the week composite symmetries we refer to
the proton-neutron (F-spin) symmetry of the
quadrupole collective model of atomic nuclei,
characterized by the

17(12) D Gp(6)0[/n(6) (4)

group-chain. In this case the two sectors of the
model correspond to the proton and neutron
systems, and no invariance is included with
respect to the proton-to-neutron transforma-
tions.

On the other hand the recently proposed
multichannel dynamical symmetry [3], which
describes different clusterizations of the same
nucleus turn out to be a strong composite sym-
metry, including real invariance with respect to
some transformation between the two compo-
nents (being the independent relative motions
of a multicluster configuration in this case).

[ R. V. Jolos and P. von Brentano: Phys. Rev. C60
(2000) 064318.

[2] G. Lévai, J. Cseh, P. Van lsacker: Eur. Phys. J.
A12 (2001) 305.

[3] J. Cseh: Proc. XXIV. Symp. Nucl. Phys. Taxco,
Mexico, 2001, in press.



2.1 Astrophysical p-process studies on Se isotopes

Gy. Gylrky, Zs. Filop, E. Somorjai, |. Borbély-Kiss, S. Harissopulosad M. Kokkorisal

S. Galanopulosal P. Demetriou*)

As continuation of a systematic study of
the astrophysical p-process [1], an experimen-
tal investigation of (p,7) or (p,n) cross sections
of several Se isotopes has been started. Calcu-
lation of the abundances of the p-process nu-
clides requires extensive reaction network. An
important input parameter for these network
calculations is the reaction rate of various reac-
tions obtained from the cross section. Very few
cross sections involving light ions on relatively
heavy nuclei, have been measured at energies
appropriate to astrophysics, leaving these reac-
tion networks dependent upon theoretical es-
timates calculated through statistical models.
The aim of our systematic study is to compare
the experimental results with the predictions
of statistical models and this way to check the
reliability of the reaction network calculations
and to put these calculations on a more firm
base.

The experiments has been started both at
the 5 MV van de Graaff accelerator of the
ATOMKI, Debrecen and at the Dynamitron
Accelerator at the University of Stuttgart,
Germany in the framework of a Greek-
Hungarian collaboration. In Debrecen activa-
tion method is used to determine the cross sec-
tion of the 74,76Se(p,7) and 82Se(p,n) reactions
in the proton energy range between 1.5 and
3.4 MeV with steps of 100 to 300 keV covering
the relevant Gamow-peak which spans from
1.3 to 3.8 MeV. The thickness of the evapo-
rated natural Se targets has been determined
with PIXE method and their stability has been

montitored with RBS during the long irradia-
tions. The induced 7-radiation has been mea-
sured off-line with a calibrated HPGe detector
shilded by 10 cm thick lead.

In the case of 78Se(p,7) and 80Se(p,7) the
final nucleus is stable (79,81Br), thus the acti-
vation technique is not applicable. Here the
cross sections were determined using on-line
7-detection in Stuttgart. The details of the
experimental set-up can be found in Ref. [2].

Hauser-Feshbach statistical model calcula-
tions were carried out for all stable Se isotopes
using the MOST code. The obtained cross sec-
tion data will be compared with the experi-
mental results as soon as they are available.

Fig. 1shows the relevant part of the chart
of nuclides indicating the (p,7) and (p,n) reac-
tions as well as the decay of the final Br nu-
clides.

Figure 1. The proton capture reactions on Se iso-
topes and the decay of the reaction products. The
stable nuclei are indicated by bold squares.

a) Institute of Nuclear Physics, NCSR "Demokritos”,
Athens, Greece
[1] Gy. Gyirky et al., Phys. Rev. C64 (2001) 065803.

[ S. Harissopulos et al., Phys. Rev. C64 (2001)
055804.



2.2 Low energy cross section measurements

LUNA Collaboration(Gy. Gyiirky, Zs. Filop, E. Somorjai)

An accurate knowledge of thermonuclear
reaction rates is important in understanding
the generation of energy, the luminosity of neu-
trinos, and the synthesis of elements in stars.
Due to the Coulomb barrier of the entrance
channel, the reaction cross section drops nearly
exponentially with decreasing energy. Thus
it becomes increasingly difficult to measure
<r(E) and to deduce the astrophysical S(E) fac-
tor. Although experimental techniques have
improved significantly over the years, it has not
been possible to measure S(E) within the ther-
mal energy window in stars, called the Gamow
energy window. Instead, the observed §(E)
data had to be extrapolated to thermal ener-
gies which can lead to considerable uncertain-
ties.

The LUNA (Laboratory for Underground
Nuclear Astrophysics) accelerator facilities in-
stalled at the Laboratori Nazionali del Gran
Sasso, Italy offers unique possibilities for the
studies of low cross section nuclear reactions
owing to the extremely low cosmic backgroud
in the underground site.

Two low-energy, high current accelerators
axe available for cross section measurements
with maximum energies of 50 and 400 keV. At
the older 50 kV machine (LUNA 1), the in-
vestigation of the p(d,7)3He reaction has been
carried out from 22 down to 2.5 keV c.m. en-
ergy, well below the solar Gamow peak. This
reaction is the second step of the pp-chain
defining the equilibrium abundance of deu-
terium in an H-burning, low mass star. More-
over, this is the key reaction of the stellar
evolution before the onset of the H-burning
(proto-star phase). Hence a reliable knowl-

edge of the reaction rate down to a few keV
(the Gamow window) is a fundamental pre-
requisite for these stellar models. The experi-
mental set-up was based on a large solid angle,
segmented BGO detector and a renewed win-
dowless gas target system. The resulting astro-
physical S(E) factor within the Gamow peak is
in good agreement with the value of one of the
existing extrapolations based on data at higher
energies [1].

The 14N(p,7)150 reaction determines the
velocity of the CNO cycle. Though the CNO
cycle gives no significant contribution to the
energy generation in the sun, it is important
to know the neutrino flux produced by the de-
cays of 150 and 13N in view of upcoming solar
neutrino experiments like BOREXINO. At so-
lar energies the cross section of 14N (p,7)150 is
dominated by a subthreshold resonance. Re-
cently, some indirect measurements of this res-
onance have been performed and there are also
some new calculations about its influence at so-
lar energies. Thus direct measurements of this
reaction at very low energies are needed.

The experiments have been started at the
recently installed and tested 400 kV acceler-
ator (LUNA 2). Different solid state N tar-
gets were prepared and tested in order to
find the optimal targets for the measurements.
The cross section is deduced from the induced
7-radiation measured with a high-efficiency
HPGe detector. The measurements are still
in progress.

a) For full authors’ list, see: M. Aliotta et al,
Nuci. Phys. A690 (2001) 790.
[1] G.J. Schmid et al., Phys. Rev. C56 (1997) 2565.



2.3 Temperature dependent BCS-gap-equations in the continuum

O. Civitareseal R. J. Liottaal and T. Vertse

An attempt is made for describing pairing
correlations for excited nuclei near the proton
(neutron)-drip line by using finite-temperature
BCS equations including the continuum part of
the spectrum[1]. In this model it is assumed
that pairing can be calculated in the BCS ap-
proximation with nucleons moving either in
bound orbits or in narrow resonances. There-
fore the single particle states form a trun-
cated Berggren representation[2] composed of
real energy bound states and complex energy
Gamow resonances. Due to the truncation
broad resonances and all complex energy scat-
tering states have been neglected. The BCS
treatment in this basis is similar to the stan-
dard treatment however we have to use the
generalized scalar product of the Berggren rep-
resentation.

The thermal averaging procedure, for
bound single particle (quasiparticle) states,
can be generalized to include resonant single-
particle states. The resulting picture is rather
appealing because the quasiparticle motion
can either "hit” resonant single particle states
a) by the smearing out of the Fermi surface,
due to pairing correlations or, b) by thermal
occupation of high lying single-particle states.

We have performed BCS calculations for
open shell proton-drip line nuclei around N=50
and N=114. The separable monopolé pair-
ing interaction has been parametrized by the a
constant strength G. The BCS equations were
solved in the Berggren basis. The correspond-

ing quasiparticle energies, for the active single
particle states, were obtained for different pro-
ton numbers corresponding to different tem-
perature values (T = 0 and T > 0). One can
observe that the inclusion of thermal excita-
tions does not change the T = 0 result con-
siderably. The quasiparticle spectrum shows a
limited spreading even for very large values of
Z. The temperature dependence of A(T) shows
the well known suppression of pairing correla-
tions by thermal blocking effects. A smooth
temperature dependence of the chemical po-
tential J1 has been observed. The relatively
constant value of the gap indicates that the
quasiparticle mean field is well defined, even
for the very extreme situations considered in
the present calculations i.e. in the proton-
drip line region. In all the cases studied the
imaginary parts of the calculated matrix ele-
ments were small therefore the interpretation
of the corresponding real parts as the expec-
tation values of the physical quantities lie on
firm ground.

This work was partially supported by the
Hungarian OTKA fund Nos. T26244, T29003

a) Dept, of Physics, Univ. of La Plata, c.c. 67 1900,
La Plata, Argentina

b) Royal Institute of Technology, Physics Department
Frescati, Frescativagen 24, S-10405, Stockholm,
Sweden

[1] O. Civitarese, R.J. Liotta, and T. WVertse,
Phys. Rev. C64 (2001) 057305.

[2] T. Berggren, Nuci. Phys. A109 (1968) 265.



2.4 Perturbative Quantum Chromodynamics

Z. Trocsanyi and Z. Nagy

Deep inelastic lepton-hadron scattering
(DIS) has played a decisive role in our un-
derstanding of the deep structure of matter.
The latest version of the experiment performed
with colliding 27.5 GeV electrons or positrons
and 820 GeV protons at HERA yields increas-
ingly precise data so that not only fully inclu-
sive measurements can be used to study the
physics of hadronic final states. In fact, the
study of multi-jet events and event shapes has
become an important project at HERA.

One of the important theoretical tools in
the analysis of hadronic final states is pertur-
bative Quantum Chromodynamics (QCD). In
order to make quantitative predictions in per-
turbative QCD, it is essential to perform the
computations (at least) at the next-to-leading
order (NLO) accuracy.. In the case of DIS such
computations have so far been completed for
one-jet inclusive and two-jet cross sections. In
our work [1] we computed various differential
distributions of the three-jet cross section, de-
fined using the inclusive k+ algorithm, that can
be compared to recent data obtained by the HI
collaboration.

In order to make the comparisons, we used
the same kinematic range as employed in the
experiment, i.e., 5GeV2 < Q2 < 5000 GeV2,
0<XB<102<y<06 —A<7AN < 25
wTjetf > 5GeV. The hard scale was chosen
to be the average transverse momentum of the
three-jets. The leading order curves were ob-
tained using the CTEQS5L pdf’s and as run
from as(Mzo) = 0.127 using one-loop running,
and the NLO curves with CTEQ5M1 pdf’s and
as run from as(M70) = 0.118 using two-loop
running. The three-jet final states were se-
lected using the inclusive kT algorithm. The
plot in Fig. 1 show the differential distribution
in the momentum transfer squared. We can
observe that the leading order prediction has
different shape than the data: too low for small
values of the variables and too high for large
values. The radiative corrections bring theory

and experiment much closer. Taking into ac-
count the hadronization corrections, the NLO
prediction gives a remarkably good description
of the data.

kx inclusive

Figure 1. The three-jet differential distribution in
the squared momentum transfer.

We should consider the impressive agree-
ment with caution. For small values of Q2 the
radiative corrections are large (between 30 and
60%), so we may expect that the higher order
corrections are also large, which is also indi-
cated if we look at the dependence of the NLO
prediction for the three-jet inclusive cross sec-
tion on the renormalization and factorization
scales. The scale dependence of the cross sec-
tion at NLO is still large indicating potentially
large higher order corrections. At high Q2
we find that the renormalization-scale depen-
dence is reduced significantly, while the origi-
nally not too strong factorization-scale depen-
dence does not change substantially. Setting
the two scales equal, at NLO we find a rather
flat curve with a wide platé around the chosen
hard scale. If Q2 is large, however, the NLO
corrections are negative indicating that all or-
der resummation of terms may be important.

a) Department of Physics, University of Durham,
Durham DH1 3LE, England

[1 Z. Nagy and Z. Trdcsanyi, “Multi-jet cross sections
in deep inelastic scattering at next-to-leading or-
der,” Phys. Rev. Lett. 87 (2001) 082001 [hep-
ph/0104315].



2.5 Mass distribution of fission fragments from hyperdeformed states in 232T h(n,f)

M. Csatlés, Z. Gacsi, J. Gulyas, M. Heila\ Gy. Hegyest, F. Kappelera\ A. Krasznahorkay,
A. Krasznahorkay Jr., Z. Maté, N. Nenoffc\ R. Reinfarthal P.G. Thirolfb J. Timar

In a previous work a substantial sharpen-
ing of the mass distribution has been observed
in coincidence with the hyperdeformed (HD)
states of 236U [1]. The aim of this work was
to study the fission of the HD resonance ob-
served around En = 1.6 MeV in the 232Th(n,f)
reaction [2].

The 232Th nucleus is excited into states
by mono-energetic fast neutron leading'subse-
quently fission. The neutrons are produced in
a 7Li(p,n) reaction at Ep=3.4-3.7 MeV bom-
barding energies. The Van de Graaff accelera-
tor at Forschungszentrum Karlsruhe produced
a 50 /iA proton beam on a 200 /ig/cm2 metal-
lic Li target. The average neutron flux at the
Th target was ~1.8xI06 neutron/cm2s.

The scattering chamber itself served as a
detector, since it contained a twin ionization
chamber constructed in ATOMKI, Debrecen.
The design parameters were similar to those
published by Budtz-Jorgensen et al. [3]. The
large area (12.6 cm2) and thin (100 /rg/cm2)
232Th02 target was placed into the center
plane of this detector at 3-5 kV negative elec-
tric potential and both sides consisted of grid-
ded ionization chambers filled with a 90% Ar
+ 10% CH4 mixture at 1 atm pressure.

The energies of the fission fragments are
obtained from the anode pulse-heights, while
the sum of the grid and anode signals is used
for the determination of the fragment emission
angle B with respect to the symmetry axis of
the chamber. The angle-dependent energy loss
in the target was determined experimentally
using this angular information.

Fission-fragment masses are determined
with the double kinetic-energy method based
on the conservation laws of mass and linear
momentum. The mass distribution at each
incident neutron energy was fitted with two
Gaussians having the same height and width.

The widths (cr) of the Gaussians are shown in
Fig. 1. as a function of the neutron energy.

En(MeV)

Figure 1. a) Hyperdeformed resonances in the
232Th(n,f) reaction observed by Blons et al. [2]. b)
Present results for the width of the corresponding
mass distributions.

One can see a significant sharpening at 1.6
MeV neutron energy, which corresponds to a
HD resonance in 233Th.

a) Forschungszentrum Karlsruhe, Germany.

b) LMU, Muenchen, Germany.

c) Univ. Bonn, Germany.

[ A. Krasznahorkay et al., APH N.S. Heavy lon
Physics 13 (2001) 111.

[2] J. Blons et al., Phys. Rev. Lett. 35 (1975) 1749.

[3] C. Budtz-Jorgensen et al., Nucl. Instr. and Meth.

A285 (1987) 209.



2.6 Clusterization and configuration-mixed effective SU(3) symmetries

P.O. Hessal A. Algorabl and J. Cseh

The effective symmetry [1] is one of the
most general symmetry in quantum mechanics.
It is a symmetry of the eigenvalue-equation,
when neither the (Hamiltonian) operator is
symmetric (scalar), nor its eigenvectors (trans-
form according to some irreducible transforma-
tions). Yet the symmetry may act, and have
important physical consequencies.

The mathematical reason for this surpris-
ing situation is provided by the embedded rep-
resentation [2]. An embedded representation is
obtained by calculating the matrix elements of
the operators between vectors which are spe-
cial linear combinations of those belonging to
irreducible representations. (The linear combi-
nations are special in the sense that their coef-
ficients are the same for several vectors.) When
the summation and the internal product oper-
ations are exchangable (either exactly, or ap-
proximately), then the matrices give (exactly
or approximately) a representation, called em-
bedded representation.

In physical terms the embedded represen-
tation describes the adiabatic coupling; and it
explains why some models can be successful,
when they (seemingly) have no right to be so.

In nuclear physics the effective SU (3) sym-
metry proved to be valid in heavy nuclei, where
the real SU{3) symmetry is badly broken due
to the spin-orbit and other interactions [1]. If
a symmetry exists, it has several important
physical consequences, e.g. it provides us with
selection rules.

Selection rules can be very useful in study-
ing nuclear fragmentations, like e.g. sponta-
neous fission, or clusterization in general. In
light of the recently descovered neutronless
cold fission, these questions are of utmost in-
terest in the structural study of heavy nuclei.

Jarrio et.al. showed a way, how to deter-

mine the effective 577(3) symmetry of heavy
nuclei in the region, where the asymptotic Nils-
son quantum numbers are valid [1]. Based on
their method we have carried out symmetry-
considerations concerning the relative prefer-
nce of different exotic binary clusterizations of
the ground state of the 252Cf nucleus [3]. The
possible clusterizations, however, include not
only strongly deformed nuclei, but other types
as well. Therefore, some sort of extension of
the method of [1] is highly needed for system-
atic studies.

We propose an interpolation method for
the determination of the effective SU (3) sym-
metry between zero and large quadrupole de-
formations [4]. It is based on the numerical
expansion of the Nilsson-states of a given de-
formation in terms of asymptotic basis, and
applying the procedure of [1] for these linear
combinations. This method is not based on
a rigiourous proof, it should be considered as
a recipe for the interpolation. Nevertheless,
selfconsistency argumets show that it gives re-
liable results both in the case of some light nu-
clei (where the real 577(3) symmetry is valid),
and in the case of heavy nuclei.

The extanded method may prove to be a
useful tool in the cluster studies of heavy nu-
clei, where it is essential to incorporate the ef-
fects of deformation as well as that of the Pauli
exclusion principle.

a) Instit. Cienc. Nuci. UNAM, Mexico

b) Univ. Valencia, Spain and ATOMKI

[4 M. Jarrio, J.L. Wood and D.J. Rowe, Nucl. Phys.
A528 (1991) 409.

[2] D.J. Rowe, P. Rochford and J. Repka, J. Math.
Phys. 29 (1988) 572.

[3] A. Algora, J. Cseh, and P.O. Hess, J. Phys. G24
(1998) 2111.

[4 P.O. Hess, A. Algora and J. Cseh, in preparation.



2.7 Study of neutron excitations across the N=50 shell gap in 102In

D. Sohler, Zs. Dombradi, M. Palacza\ J. Blomqgvistd C. Fahlanderc\ L.-O. Norlinb J. Nybergd
T. Backh K. Lagergrenb D. Rudolphcd A. Algora, C. Andreoiuc\ G. de Angelise\ A. Atac

D. Bazzacco9\ J. Cederkalldh B. Cederwalldh B. Fanth\ E. Famea”, A. Gadeae\ M. Goérska”,
H. GraweN. Hashimito-Saitoh, A. Johnsonb A. Kerekb W. Klamrab J. Kownackia\

S.M. Lenzie\ A. Likar\ M. Lipoglavsekl\ M. Moszynskim\ D.R. Napolie\ C. Rossi-Alvarez9
H.A. Rothn\ T. Saitohk\ D. Seweryniak°®\ O. Skeppstedtn\ J. Timar, M. Weiszflogdy M. Wolinska

Structure of 102In has been investigated ap-
plying in-beam 7-spectroscopic methods. The
experiment was performed at the Legnaro Na-
tional Laboratory using the 54Fe + 58Ni reac-
tion at an energy of 240 MeV to populate nu-
clei in the vicinity of the double magic 100Sn
nucleus. The detection of the emitted 7 rays
was carried out by the Eurobaln1 detector ar-
ray with 26 clover and 15 cluster composite
Compton suppressed Ge detectors. In order to
observe the evaporated protons and a particles
we employed a charged particle detector-ball
consisting of 40 silicon AE/E telescopes. In
addition, the set-up comprised a 50-elements
neutron wall in the forward direction. The
knowledge on excited states of this nucleus has
been significantly extended (see Fig. 1) based
on measuring energies, intensities, coincidence
relations, angular distributions and polarisa-
tions of the 7 rays. Three cascades of transi-
tions are leaving out of the spin-energy domain
spanned by the ~19/2~(75/2,Qi/'i)" configura-
tions. The states at ~4 MeV excitation energy
can be assigned to the » 9/ 2" ("5/2571/2)2"n /2
configuration. The higher lying ones at 4.733,
5.192 and 5.853 MeV are expected to arise
from the 189/2 —" 5/2>07/2 one-particle-one-
hole excitation across the N — 50 shell closure.

a) HIL, Warsaw, Poland

b) RIT, Stockholm, Sweden

¢) Lund Univ., Lund, Sweden

d) TSL, Uppsala, Sweden

e) LNL, Padova, Italy

f) Uppsala Univ., Uppsala, Sweden

g) INFN, Padova, Italy

h) Helsinki Univ., Helsinki, Finland
i) Univ. of Valencia, Valencia, Spain
j) GSI, Darmstadt, Germany

10

k) NBI, Copenhagen, Denmark

1) JSI, Ljubljana, Slovenia

m) SINS, Swierk, Poland

n) Chalmers Univ., Gothenburg, Sweden
0) ANL, Chicago, USA

[1] D. Sohler, et al., Nucl. Phys. A., submitted

5979 102|p c653

Figure 1. Proposed level scheme of 12n.



2.8

Study of shape evolution in the neutron-rich 40S, 42S and 44S isotopes

D. Sohler, M. Stanoiua\ Zs. Dombradi, 0. Sorlinb J. Timar, F. Azaiezbh F. Amormib

D. Baiborodinc\ A. Bauchetd\ F. Beckere\ M. Belleguichh C. BorceasO, C. Bourgeois®,

Z. Dlouhy9\ C. Donzaudh J. Dupratth M. Girodh\ D. Guillemaud-Muellerb F. Ibrahim”,
M.J. Lopeza\ R. Lucasn S.M. Lukyanovcd V. Maslovcel J. Mrazek9\ C. Moored, F. Nowackik\
B.M. Nyako, Yu.-E. Penionzhkevichc\ L. Petizonb M.G. Saint-Laurenta\ F. Sarazinal

J.A. Scarpacid G. Slettenl\ C. Stodeltn M. Taylorl\ C. Theisene\ G. Voltolini®

The higher lying excited states in neutron-
rich 4°,4244g nuclei were studied using in-beam
7-spectroscopy technique associated to frag-
mentation reactions of a 60 MeV-A 48Ca beam
on a thin Be target. Energies, intensities and
coincidence relationhips of the transitions, as
well as, 7-ray angular distributions for the first
time at intermediate energy were measured for
these isotopes. The level schemes previously
containing only a single 7 transition are ex-
tended, and spin values are proposed for the

new states. The E4+/E2+=2.5 ratio in 40S
was found to be consistent with that of an an-
harmonic vibrator or a 7-soft rotor. In 42S
Exp. SM
Exp. SM CM 4245
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the E4+/E2+=3.0 and E 2+/E 2+=3A ratios are
characteristic for a triaxial rigid rotor. Fur-
thermore, the low lying Q2" state proposed for
44S indicates shape-coexistence in this isotope.

a) GANIL, Caen, Prance

b) IPN, IN2P3-CNRS, Orsay, Prance

c) FLNR, JINR, Dubna, Russia

d) CSNSM, IN2P3-CNRS, Orsay, France
e) CEA-Saclay, Gif sur Yvette, France
f) IAP, Bucharest-Magurele, Romania
g) NPI, Rez, Czech Republic

h) CEA, Bruyeres-le-Chatel, France

i) IPN, Lyon, France

j) OLL, Univ. of Liverpool, Liverpool, UK
k) Univ. L. Pasteur, Strassbourg, France
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Figure 1. Proposed level schemes of 404244S from the present experiment in comparison with the results
of shell model (SM) and microscopic collective model (CM) calculations. 7-ray energies (with uncertainties)

multipolarities and relative intensities are given.
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2.9 Description of resonant states by analytic continuation

J.Zs. Mezei, R.G. Lovas and Y. Suzuki

The description of nuclei cannot be com-
plete without the description of unbound
states, including resonances and virtual states.
Unbound states are especially important for
drip-line nuclei, which have very few bound
states or none. The theoretical methods to de-
scribe unbound states, the localization of the
S-matrix poles, the determination of the ener-
gies and widths, the calculation of the wave
functions and physical matrix elements, are
based mostly on bound-state methods [1]. We
are experimenting with a powerful method, the
so-called ‘analytic continuation in the coupling
constant’ [1]. This involves an extrapolation
of the trajectory of the S-matrix pole as a
function of a potential strength (‘the coupling
constant’) from the bound-state region to the
unbound-state region.

To test the approach, at present we con-
sider a simple model problem [2] consisting of
chargeless and unit-mass particles interacting
via a potential V = —8Ae~(r/252+ ,
where J1is the coupling constant. It is useful
[1] to choose X = y/X —Ao to be the variable
of extrapolation, where Ao is the value of Aat
the bifurcation point, the point where the pole
trajectory leaves the Irrik axis. The advan-
tage of this isthat the (complex) wave-number
k(—y/E) of an unbound state as a function of
X is linear (k ~ x) around A fa A>- The ex-
trapolation is done by a Padé approximation
of type II.

The eventual aim is to use the method for
calculating matrix elements of physical quan-
tities of few-body systems. The tests are made
for a two-particle problem. The calculated en-
ergies and widths are in very good agreement
with the results of a direct numerical solution
produced by the Gamow code [3], not only for
narrow but for broad resonances as well.

As a second step, we tried to con-
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tinue bound-state wave functions analytically
by pointwise extrapolation to the unbound-
state region. A result is shown in Fig. 1,
again compared with the results produced by
Gamow. Although the well-known asymptotic
behaviour of the resonance states (Gamow
states) is not very well reproduced, for the ra-
dial interval in which the wave function is not
known a priori, the agreement with the di-
rect numerical integration is satisfactory. We
are nevertheless working on improving the ex-
trapolation procedure. We are also testing the
wave function by comparing some matrix ele-
ments.

Figure 1. Wave functions of a narrow resonance
state, for a barrier of the interaction potential
B=2

a) Department of Physics, Faculty of Science, Niigata
University, Niigata 950-2181, Japan.

[1 V.I. Kukulin, V.M. Krasnopol’sky and J. Horacek:
Theory of Resonances (Kluwer, Dordrecht,
1989).

[2] R.G. Lovas, N. Tanaka, Y. Suzuki, K. Varga, Few-
Body Sys. Suppl. 13 (2001) 76.

[3] T. Vertse, K.F. Pal and Z Balogh, Comput.
Phys. Comun. 27 (1982) 309.



2.10
mass separator

Installation of a new Total Absorption Spectrometer at ISOLDE/CERN

A. Algora, M.J.G. Borgea, D. Cano-Otth, S. Courtinc, Ph. Dessagnec, L.M. Frailed, A. Gadeae,
W. Gelletlyf, A. Jungclausa, F. Maréchalc, Ch. Miehéc, E. Nacher9, F. Perrotc, E. Poirierc, B.
Rubio9, J.L. Tain9, 0. Tengblada and the ISOLDE collaborationd

We report on the installation of a new Total
Absorption 7 Spectrometer (TAGS) Lucrecia
at the ISOLDE/CERN mass separator. The
new TAGS is based on a large (38cm diameter,
38cm long) Nal(TI) crystal (one piece) with
cylindrical symmetry (see Fig. 1). It has a ra-
dial hole of 7.5 cm which gives the possibility to
take the sources to the geometric centre of the
detector and also to introduce additional ancil-
lary detectors. The crystal is viewed by eight,
five-inch photomultiplier tubes, and the sta-
bility of the light collection is monitored using
an LED (light emitting diode). A tape trans-
port system, operated under vacuum, is used
to move the radioactive sources to the mea-
suring position and to remove the remaining
activity. This system has two possible collec-
tion modes: the first, which is used for very
short lived nuclear species, collects the sources
in the centre of the crystal and then trans-
ports the measured source after one measur-

7~T1

Tape transport system (schematic view)

ing cycle outside the TAS; in the other possible
setup the sources are collected outside the TAS
and taken to the centre of the spectrometer for
measurement.

The first experiment using this new setup
was performed in June 2001. We studied the
decay of the 72“75Kr isotopes. The goal of
these measurements is to extract information
on the ground state deformation of these nuclei
from the shape ofthe B(GT) in their respective
beta decay daughter nuclei [1]. As a continua-
tion of this programme, we plan to study the
decays of 76-80Sr in the near future.

a) IEM, Madrid, Spain

b) CIEMAT, Madrid, Spain

¢) IRES, Strassbourg, France

d) ISOLDE, CERN, Switzerland
e) LNL, INFN, Legnaro, Italy
f) Univ. Surrey, Guildford, U.K.
g) IFIC, Valencia, Spain

[1] P. Sarriguren et ai, Nuci. Phys. A658 (1999) 13.

Figure 1. Schematic view of the TAS (Lucrecia) installed at ISOLDE.
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2.11
K. Vargaa, R.G. Lovas and Y. Suzukib

A nuclear model may be regarded as a solu-
tion of the many-body problem on a truncated
basis. Therefore, as the basis is made com-
plete, the effective force should converge to the
bare nucleon-nucleon force. In practice, how-
ever, the effective force is mostly fixed. Recent
progress has made it possible to use almost
complete bases for light nuclei, which makes
the use of effective forces questionable.

This progress has taken place owing to the
introduction of correlated Gaussian bases used
in a stochastic variational method (SVM). This
approach was introduced as a cluster model [1],
and was subsequently reduced to a few-body
approach [2]. Nevertheless, it has been found
that a refined cluster model with an effective
force gives an almost perfect description of
light nuclei [3]. Since, however, a few-body
calculation cannot be considered realistic un-
less it involves a realistic (bare) force, these
calculations need to be repeated with realistic
forces. That is the aim of the present work.

When applied to A < 4 nuclei as a few-
body method, the SVM turns out to be ‘nu-
merically exact’. This encouraged us to attack
the problem pf6Li. The Argonne V18 (AV18)
force [4 was combined with the Urbana IX
(UIX) three-body terms [5]. No convergence
has been reached, and the results are shown
in Table 1. The Green’s function Monte Carlo
method (GFMC) performs quite well, but the
variational Monte Carlo (VMC) and the SVM
are inferior. Moreover, the variational ground
states seem to be unbound with respect to ct+d
disintegration. The difficulty lies in reproduc-
ing the correlations implied by the strong re-
pulsive core of the Argonne force.

Table 1. Energy of 6Li (in MeV) calculated with the
AV18+UIX interaction with different techniques.

VMC [ GFMC [q]
-28.09  -31.2

SVM Exp.
-28.79  -31.99
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Ab initio versus cluster-model calculations

With the supersoft-core (SSC) interaction
[7], convergence has not been reached, but a
binding of e = Eelj —Ea —E< — —0.5 MeV
(experiment: —1.4 MeV) has been produced
and the radii and the quadrupole moment are
close to the realistic values. The ct+d spectro-
scopic amplitude is close to the prediction of
the cluster model, but its tail is too small in
spite of the fact that the energy e is not deep
enough. That is so since more binding is miss-
ing from the energy E'a + E'd of the clusters in
6Li, defined by pulling the clusters far apart,
than from Esy itself. Thus the approximate
6Li is actually overbound with respect to the
E'a + E'd threshold. The ab initio calculation
is inaccurate just asymptotically.

Pure a+d, t+h and a+p+n cluster mod-
els as well as their mixtures have also been
produced. These are perfect in the respec-
tive asymptotic regions, and yet no binding has
been reached due to inaccuracies inside.

In conclusion, the ab initio calculations
with bare nucleon-nucleon forces are feasible
with the SVM, and the results show comple-
mentarity to the cluster models. It is likely
that, with full convergence, the ab initio de-
scription would be fully realistic.

a) Present address: Solid State Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee
37830, USA.

b) Department of Physics, Faculty of Science, Niigata
University, Niigata 950-2181, Japan.
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2.12
K. Varga0O, R.G. Lovas and Y. Suzukib

The nucleus 11Li is known to have a two-
neutron halo. It is most often described as
a 9Li-fn+n three-body system, with a passive
OLi core, although 9Li is is not really stiff. The
Pauli principle may also have non-trivial ef-
fects. Indeed, in such a model, it seems im-
possible to get enough binding for 1Li (e =
Enu— 0.25 MeV). A truly microscopic
treatment is thus indispensable.

The isotopes 7 9Li have been described
reasonably well [1] in a+t, a+t+n and
a+t+n+n cluster models, respectively. Going
beyond these cases along the same line requires
a+t+n+n+n for 10Li and a+t+n+n+n+n for
nLi. That is attempted now, and we give a
preliminary report on the results.

The.effective nucleon-nucleon force is the
same as was used for the lighter Li isotopes [1].
The OLi core is described in an a+t+n+n
model as before, but with a smaller basis of 50
elements, with a more thorough optimization.
The core is assumed to have the same angular-
momentum structure as the free nucleus 9Li,
but its motion in 1011Li is otherwise not frozen.
The bases for 1011Li are constructed by cou-
pling a single neutron or two neutrons to each
of the basis elements used for 9Li, with essen-
tially no restriction on the relative motions.
For 11Li, the description of the 9Li+n+n mo-
tion can be depicted by showing the types of
Jacobi coordinates that are included (Fig. 1).

Figure 1. Jacobi coordinates for 9Li+n+n. Nota-
tion: a: «; t: O; neutron: o.

The level sequence obtained for 10Li is
1+ (e=0.39 MeV), 2+ (0.55 MeV), 2“ (1.56
MeV), 1" (1.74 MeV), 0+ (2.12 MeV). All
are unbound states approximated by square-
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integrable wave functions. The positive-parity
states come from the p-orbits of the 9Li-n rela-
tive motion and correspond to the experimen-
tally observed levels. Negative-parity states
may come from s-orbits, which may be virtual
states. The virtual states actually belong to
negative energies, but bound-state-like bases
shift them to the positive-energy region.

The 1Li basis contains more than 3600
elements. There are 8 9Li+n+n angular-mo-
mentum combinations included, and each 9Li
basis function is multiplied by at least 9 dif-
ferent relative-motion states for each angular
momentum. This basis is large enough for the
relative motion and allows for a major part of
the core distortion. The results are summa-
rized in Table 1.

Table 1. Properties of 9Li and u Li

£ P m 1 Q
(Mev) (fm) (fm) (fm) (efm2) (pn)
oLi -5.91 212 254 241 -337 3401
Exp. -6.09 218 230 232 -2.74 344
nLi -0.34 243 309 303 -3.71 323
Exp. -0.25 2588 321 310 13121 3.66

A comparison of the respective properties
shows that 9Li and n Li are described simulta-
neously pretty well. The model 9Li is slightly
more deformed and has a thicker neutron skin
than is found by experiment. The quoted value
of the experimental proton radius of 11Li con-
tradicts the halo picture, and is not supported
by theory. Single-configuration calculations
show that the s-wave-type configurations give
slightly deeper bindings than p-wave-type con-
figurations. This indicates that the s-wave-like
subspaces must have a somewhat larger weight
than the p-wave-like subspaces.

a) Present address: Solid State Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee
37830, USA.

b) Department of Physics, Faculty of Science, Niigata
University, Niigata 950-2181, Japan.
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2.13

New region of signature inversion in the ANIOO Rh and Ag isotopes

J. Timéar, J. Gizonal A. Gizona D. Sohler, B. M. Nyako, L. Zolnai, D. Bucurescuh
Gh. Cata-Danilb A.J. Bostond D. T. Josscd E. S. Paulcl A. T. Semplec\ C. M. Parrye)

In 41=1 rotational bands, the two signa-
ture branches are usually not equivalent en-
ergetically. Due to the Coriolis force acting
on the valence particles, one of them, called
favoured, is lower in energy than the other
branch. The favoured signature is determined
by the configuration and can be obtained in
terms of a simple rule. Some two- and three-
quasiparticle bands, however contradict this
simple rule at low spin: the expected favoured
signature branch becomes energetically un-
favoured. This so-called signature inversion
has recently attracted a lot of attention both
in experimental and theoretical aspects.

In order to gather more information about
this phenomenon in new mass regions the
Nogf2™hu 12 and Tpd27(hii/2)2 bands were
studied in the A » 100 nuclei [1]. It has
been revealed that signature inversion system-
atically occurs in these bands. Two types of
signature inversion have been observed in this
region. The first one is found only in the
70/927/111/2 band of 98Rh. It has a large signa-
ture splitting and the inversion spin is close to
the jn+ jp=10h value. All the other cases be-
long to the second type which has a small sig-
nature splitting and an inversion spin consider-
ably higher than jn+jp—10h. The T:gd/2vhil/2
bands belonging to this type are very similar
to each other, they all have the same inver-
sion spin of I:|“15h. The behaviour of the in-
version spin can be qualitatively understood
as a competition between the Coriolis and the
proton-neutron interaction, as it was proposed
by Zheng et al. for the A « 160 region, if
we take the variation of the moment of inertia
into account. According to this scenario the
big difference between the signature inversions
in 9BRh and in the other doubly odd nuclei is
caused by a big change in the deformation.
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Figure 1. Energy difference plots of ngg2vhu/2
bands in the A « 100 mass region.



2.14

Low-lying levels and collective bands in doubly-odd 124Cs

A. Gizona\ J. Timar, J. Gizona\ B.Weissa\ D. Baméouda\ C. Foina\ J. Geneveyal
F. Hannachib C.F. Liangh A. Lopez-Martensb P. Pans”, B.M. Nyakd, L. Zolnai,

J.C. Merdingerc\ S. Brantd\ V. Paard)

The nucleus 124Cs has been studied by
in-beam 7- and e~-spectroscopy techniques
with the fusion-evaporation reaction 115In(12C,
37) at 57 MeV. Multipolarities of the main
low-energy transitions have been deduced from
electron spectra. A level scheme is proposed
with firm In assignments. Low-spin low-lying
levels and high-spin states have been inves-
tigated. New high-spin bands were found
and the known ones extended up to higher
spins. The new spin values determined for
the Thn/2oh. 2 band is in agreement with
the expected signature inversion found sys-

tematically in the odd-odd nuclei in this re-
gion. The low-spin levels and two quasiparticle
bands were interpreted by using the interact-
ing boson-fermion-fermion model. The band
structures were also discussed in the frame of
the cranked shell model. The results are pub-
lished in Ref. [1].

a) ISN, IN2P3-CNRS, Grenoble, France
b) CSNSM, IN2P3-CNRS, Orsay, France
¢) IReS, IN2P3-CNRS, Strasbourg, France
d) Univ. Zagreb, Zagreb, Croatia

[ A. Gizon et ai, Nuci. Phys. A694 (2001) 63.

462.8

Figure 1. Proposed low-spin level scheme of 124Cs.
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2.15 Magnetic dipole bands in 10H(g

A. N. Wilsonal J. Timéar, I. Ahmadb A. Astierc\ F. Azaiezd\ M. Bergstrome\ D.J. Blumenthalb
B. Crowellyp M.P. Carpenterb L. Ducrouxc\ B.J.P. GalU\ F. Hannachi9\ H. Hubelh\

T.L. Khoolh R.V.F. Janssensbh A. Korichi9\ T. Lauritsenb A. Lopez-Martens®, M. Meyerc\

D. Nisiusb, E.S. Paule\ M.G. Porquet9\ N. Redonc\ J.F. Sharpey-Schaferze\ R. Wadsworthal
J.N. Wilsone\ I. Ragnarssonl*

An experiment aimed at studying high- e) OLL, Univ. Liverpool, Liverpool, UK
spin states in 190Hg was performed with f)) |§SB§IS 3raébourgl,:|:rance
g , Orsay, France
the Eurogam Il array at CRN, Strasbourg. h) ISKP. Univ. Bonn, Germany
The data collected have reyeale_d the pres- i) Lund Inst. Tech., Lund, Sweden
ence of cascades of magnetic dipole transi- [ A.N. Wilson et al, Phys. Lett. B505 (2001) 6.

tions with some very unexpected properties.
Unlike the previously known M1 bands in
the Hg isotopes, these structures have ex-
tremely large B(M1)/B(E2) ratios, which in-
dicate both a large magnetic dipole moment Dipole Band 2 Dipole Band 1
and a small deformation. The properties of
these bands cannot be explained within the
standard Donau and Frauendorf formalism as-
suming high-K configurations. An alterna-
tive explanation could lie in the magnetic ro-
tation scenario; however this is not a phe-
nomenon predicted to occur in the Hg isotopes.
The observation of a third dipole band with
much lower B(M1)/B(E2) values in the same
spin/excitation energy regime suggests that
the bands may represent configurations occur-
ring in a different minimum in the nucleus’s po-
tential energy surface. Comparisons are made
with configuration-dependent cranked Nilsson-

. . . Band 2
Strutinsky calculations. It is proposed that o
these bands are based on configurations where
one proton is excited across the Z = 80 shell
gap. The results are published in Ref. [1].
a) Univ. York, Heslington, York, UK
b) ANL, Cass Ave, Argonne, IL, USA . . . ]
¢) IPN, Lyon, France Figure 1. Partial level scheme showing dipole
d) IPN, Orsay, France bands in 190Hg.
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2.16

Measurement of Doppler shift attenuated gamma-rays from the 180 (2/) state

N. Imaial N. Aoial H. Sakuraia\ K. Demichib H. Kawasakib H. Babab Zs. Dombradi,

Z. Elekes, N. Fukudac\ Zs. Fulop, A. Gelbergdh T. Gomibh H. Hasegawab H. Iwasakie\

E. Kanekoh S. Kannoh T. Kishidat, Y. KondoT. Kubod S. Michimasae\ T. Minernurab\
M. Miura/l, T. Motobayashid T. NakamuraM. Notanie\ T. Ohnishia\ H.J. Ongal A. Saitoh
S. Shimourae\ T. SugimotoS. Takeuchib K. Yonedac\ H. Watanabec\ M. Ishiharac)

The B(E2; 0+g —27) values in even-even
neutron-rich nuclei have been successfully mea-
sured at intermediate energies by using the
Coulomb excitation method [1, 2]. However,
this technique is not suitable for nuclei with
Z<8, since the nuclear excitation competes
with the Coulomb excitation for low Z pro-
jectiles. As an alternative way, we propose
a mean life measurement of the 2+g — O*
transition using the Doppler shift attenuation
method. Here we report the first attempt to
apply this method to fast projectiles.

In this experiment, we use a thick tar-
get and the projectile velocity is degraded in
the target. Accordingly, the Doppler shifted
gamma-ray energy is spread over a certain
range. The energy of the gamma-ray emit-
ted inside the target is distributed continu-
ously, while that of emitted outside the tar-
get is constant since the projectile does not
change its velocity any more. The longer the
mean life becomes, the larger the latter com-
ponent is. When we choose properly the tar-
get thickness and the projectile energy so that
the time for the projectile to pass through the
target is comparable with mean life of its ex-
cited state, the mean life can be determined
from the shape of the energy spectrum of 500
gamma-ray events with + 10% uncertainty.

As a test, we applied this method to the
180 (2i") state the mean lifetime of which is pre-
cisely known to be 2.79+0.07 ps [3]. This test
experiment was performed in RIKEN. Figure 1
shows the schematic view of the experimental
setup. A 48.2 MeV/u energy 180 beam from
the RIPS fragment separator [4 hits a 580
mg/cm2 thick 197Au target. The de-excitation
gamma-rays from the inelastically excited 180
nuclei were detected by four Clover detectors.
Each Clover was located 30 cm upstream from
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the target at 150 degrees with respect to the
beam direction. The scattering angle was mea-
sured by three Parallel Plate Avalanche Coun-
ters (PPAC), two of which were located up-
stream and the third one downstream of the
target. The particle identification of the scat-
tered particle was carried out with a silicon
telescope by using AE—E method. The silicon
telescope was placed 30 cm downstream from
the target covering an angular acceptance of
9.6 degrees. It consisted of five layers of silicon
detectors with thicknesses of 0.5, 1.0, 0.5, 1.0
and 0.5 mm, respectively. In order to prevent
background gamma-rays from the silicon de-
tectors, we put 5 cm thick lead shield between
the Clovers and the silicon telescope. Data
analysis is in progress.

4 Clover detectors

Figure 1. The layout of the detection system

a) University of Tokyo, Tokyo, Japan

b) Rikkyo University, Tokyo, Japan

¢) RIKEN, Wako, Saitama, Japan

d) University of Kéln, Koéln, Germany

e) CNS, University of Tokyo, Tokyo, Japan

f) Tokyo Institute of Technology, Tokyo, Japan
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Production and chemical separation of 48V radioisotope

Z. Szlicsap\ D. Dudub C. Campeanub A. Lucab E. Dutabh M. Sahagia®

The positron emitter 48V isotope
(TV2=16d, 7-lines: 511  keV(100%),
983.5(100%), 1312(97.6%) deserves interest
in several fields of science. This is available
for the transmitting scanning in the validation
process of PET-camera by its positron emis-
sion, can be used for as an industrial monitor
isotope by its 7-photons having high energy
and intensity and is also suitable for biological
study since it is the only radioisotope of the
biological trace element, of V, which can be a
radiotracer by its longer half-life.

The 48V was produced by naiTi(d,xn)48V
nuclear reaction in the U-120 cyclotron with
activity of 6 mCi. The energy of irradiating
beam was 13 MeV, its intensity was 5 jA, and
the metallic Ti target dimension was 16x11x2
mm. For target cooling the circulated water in
back side was used. After 3 cooling days only
the 48V and some 46Sc (T 1/2=84d) produced
by the side nuclear reaction, 48Ti(d,cc)46Sc
were found in the target. For the preparation
of source of 48V, the Ti target was dissolved in
HF and in sulfuric acid too. The ionexchang-
ing separation was developed for both dissolv-
ing methods:

The dissolution of the chemically resis-
tant Ti target [1] is so violent in concentrated
(35%m/m) HF, that it is necessary to carry
out in polyethylene tube because of avoiding
of the splash of the dissolved target. An anion
exchanging column, DOWEX1-8 (size 100-200
mesh, length 12 cm, ID 10mm, treated 1 day
earlier, prepared fresh) was used for separation
in HF media. The reduced ionic form of Ti
bond to the resin, therefore the dissolved tar-
get was saturated with sulfure-dioxid produced
in Kipp-equipment by the above chemical re-
action:

Na2S03 + HCL = NaCl + H2S03

The treated solution was diluted to concen-
tration of 2 mol/l1 of HF and the same con-
centration of the HF was used as an elu-
ent for separation. Flow rate of the elution
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was Iml/min. The eluate was collected frac-
tionally. The fractions were measured by g-
spectrometry, which detected only 48V. The
advantages of this method are the easy dis-
solution of the target and the quick, complete
separation of 48V. The disadvantage are the
avoiding glassware, all lab-equipments must be
produced of HF-resistant plastic material and
the final product difficult to use due to the ag-
gressive HF media.

The sulfuric acid with concentration of 6
mol/1 [2] can also dissolve the target, however
it is much more difficult than by the HF: It
needs heating under reflux for 6 hours. During
the dissolution was forming the solid salt of Ti
in high amount. Only 50% of the stohiomet-
ric necessary amount of sulfuric acid for fully
dissolution was used because of avoid of dis-
solution of that part of the target, in which
the nuclear reaction wasn’t produced. After
the dissolution the liquid and solid faze was
separated and solid salts was dissolved by 0.01
mol/1 sulfuric acid. This soft acidic circum-
stance is necessary for effective separation on
the Amberlit CG-50 column. The higher oxi-
dation stage and the peroxid-complex of Ti is
guaranty for remaining of Ti on the cationex-
change column. Therefore 1% H20 2 in 0.01
mol/1l nitric acid was added to the sample.
The orange color is demonstrated the success-
ful chemical reaction. For ionexchange separa-
tion this solution was used. The elution was
carried out by 1% H202 in 0.01 mol/1 nitric
acid as an eluent. The radio-chromatogram
was determined by the same method which
was mentioned in the case of the separation in
HF media. The chemical yield of the separa-
tion was more than 95%.The radionuclide im-
purity of 46Sc was less than 0.02% determined
by g-spectrometry. The chemical purity of 48V
was 99.8% in according to Ti determined by
VIS-spectrophotometry using the absorbance
of peroxid complex of Ti in 420 nm approx-
imately. The advantages of this method are



the softer chemical circumstances and the easy
to use final product. The disadvantages are
the long dissolution time, the several made by
hand steps and the less separation ratio com-
pared with the separation in HF media.

For application of any methods in produc-
tion of 48V with high amount of radioactivity
would be necessary some modifications to fit
the method for work in shielded box by ma-
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3.1 Study of the transfer ionization process by observing the electron cusp in

He2++He collisions

L. Sarkadi, L. Lugosi, K. Tékési, L. Gulyas and A. Kovér

We investigated the cusp-electron emission
in He2+ on He collisions in the energy range
25-75 keV amu-1 [1]. By detecting the elec-
trons in coincidence with the charge-state anal-
ysed outgoing He2+ and He+ ions, we identi-
fied the processes of electron capture to the
continuum (ECC), and ECC accompanied by
bound-state capture (transfer ionization, TI),
respectively. The ratios of yields for the TI
and ECC cusp are found to increase steeply
with decreasing projectile energy. At 25 keV
amu-1 the obtained TI/ECC ratio (1.42+0.14)
is almost two times larger than the correspond-
ing ratio measured in a previous experiment
for Ar target at the same impact energy [2].
We compared the measured data with calcu-
lations carried out in the independent particle
model (IPM) with use of the classical trajec-
tory Monte Carlo method (CTMC) and a hy-
brid version of the continuum-distorted-wave
(CDW-EIS) theory.

The experimental and theoretical TI/ECC
ratio values are plotted in Fig. 1. Both theory
fail to reproduce the steep increase of the mea-
sured data with decreasing projectile energy.
Searching for the reason of the discrepancy, we
derived an Upper limit for the TI/ECC cross
section ratio within IPM in the range of small
collision velocities:

[ <rTl \ upper limit _ pT ~

Wecc' 1 M-p®«’

Here N is the number of the electrons in
the regarded target atomic shell, and p™ax
is the maximum of the impact-parameter-
dependent one-electron capture probability
function, pc(b). To determine the value of
pTax for t}ie He2++He system, we used the
Landau-Zener model in the molecular-orbital
(MO) description of atomic collisions. At small
collision velocities the Landau-Zener model re-
sulted in p“3 « 0.5. Using this, the above

equation for He target (N = 2) yields a value
of 1 for the upper limit of the TI/ECC ra-
tio in IPM (see Fig. 1). Since the measured
value 1.42 + 0.14 at 25 keV amu-1 is consid-
erably larger than 1, we may conclude that
the cusp production via transfer ionization in
the low-energy He2++He collisions cannot be
understood within the framework of IPM, i.e.,
the process is probably influenced by electron
correlation effects.

Projectile energy [keV amu']]

Figure 1. Cusp-electron production by TI relative
to ECC as a function of the impact energy.

[1] L. Sarkadi, L. Lugosi, K. Tékési, L. Gulyas and
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(2001) 4901.
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Berényi, Nuci. Instr. Meth. B124 (1997) 342.
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3.2 Postcollision interaction and two-centre effects in ionizing collisions

L. Sarkadi, L. Gulyds and L. Lugosi

We report on a theoretical investigation of
the process of ‘electron capture to the contin-
uum’ (ECC) in which we attempted to inter-
pret the recent experimental results obtained
by An et al. [1]. These authors performed
a kinematically complete experiment on sin-
gle ionization for 75-keV Hij*+He collisions by
combining the techniques of the projectile en-
ergy loss spectrometry and the recoil ion mo-
mentum spectroscopy. In the experiment the
momentum vectors of all the collision frag-
ments were determined at a fixed (0°) projec-
tile scattering angle, and the centroids of the
longitudinal and transverse momentum distri-
butions for both the recoil ions and ejected
electrons were analysed as a function of the
energy loss of the projectile. It was found
that the momentum distributions of the colli-
sion products, especially for the electron, show
clear signatures of ECC (or, more generally,
the postcollision interaction effect, PCI).

An et al. explained their experimental find-
ings only qualitatively, without comparing the
data with theoretical calculations. In the
present work we gave a quantitative analy-
sis of the problem by performing calculations
within the framework of the classical trajectory
Monte Carlo (CTMC) model and the contin-
uum distorted wave (CDW-EIS) theory. We
showed that although the gross tendencies of
the momentum distributions as a function of
the energy loss of the projectile can simply
be explained by kinematical effects, the rapid
changes of the momentum centroids observed
in the experiment at the energy loss value cor-
responding to the matching velocity ve = wv
are indeed signatures of PCI. (see Fig. 1). In
our analysis we could determine the effects of
PCI in the momentum distributions by repeat-
ing the CTMC calculations with a short-range
interaction potential between the electron and
the projectile ion. These calculations were
made at several interaction length values. In

addition to PCI, we investigated also the con-
tributions due to two-centre character of the
electron emission. In order to identify these
latter effects, we compared the results of the
CDW calculations with those obtained in the
first-Born approximation (i.e., a theory that
accounts only for the one-centre electron emis-
sion).

Figure 1. Centroid of the momentum distribution
of the recoil target ion as a function of the projectile
energy loss for 75-keV  +He collisions.

[ L An, Kh. Khayyat and M. Schultz, Phys.
Rev. A63 (2001) 030703(R)
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3.3 Calculation of ion-induced inner-shell ionization cross sections by applying

the CTMC method
L. Sarkadi

The ionization of the inner atomic shells by
ion impact is an important field of the physics
of atomic collisions both from theoretical and
practical point of view. For light-ion projec-
tiles the process can be treated perturbatively
using first-order theories, like the plane-wave
Born approximation (PWBA) and the semi-
classical approximation (SCA). In most'cases
the states of the inner-shell electrons can be
well represented by screened hydrogenlike wave
functions.

In the present work we applied the clas-
sical trajectory Monte Carlo (CTMC) method
[1] for calculation of inner-shell ionization cross
sections. The method is based on the numer-
ical solution of Newton’s classical equation of
motion for a large number of trajectories un-
der randomly chosen initial conditions. CTMC
describes the motion of all particles classically.
The initial bound electronic states of the target
atom are represented by elliptic Kepler orbits.

So far CTMC has been used mainly for col-
lision systems involving light atoms. For colli-
sions involving heavier atoms the method has
generally been used to determine the contribu-
tions of the outer atomic shells, therefore the
information about the applicability of CTMC
for inner-shell problems is very scarce.

We tested the performance of CTMC for
inner shells by calculation of K- and L-shell
ionization cross sections for proton on argon
collisions in the energy range 0.5-2 MeV. The
many-electron target atom was replaced by a
one-electron atom, representing the ion core by
a model potential developed by Green et al.
[2] based on Hartree-Fock calculations. The
potential has the following form for a neutral
atom (in atomic units):

V{r) = ~[(Z =Dil(r) + 1]/,

where Z is the nuclear charge and

on = {(v/0lexp(Zr)- 4 + i}-1 -
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The values of j and £ were taken from Garvey
et al. [3]: j = 3.50 and £ = 0.957. Concerning
the choice of the random initial parameters, we
followed the procedure proposed by Reinhold
and Falcon [4] for non-Coulombic interaction.
The cross sections obtained for the K, Li
and L23 shell are compared with the predic-
tions of the ECPSSR theory [§] in Fig. 1. The
latter theory is known to be an efficient the-
ory of inner-shell ionization. The agreement
between the two theories is reasonable.

Figure 1. Cross sections for inner-shell ionization
of argon by proton impact calculated by the CTMC
and the ECPSSR theory.

[1] R. Abrines and I.C. Percival, Proc. Phys. Soc. 88
(1966) 861.

[2] AE.S. Green, D.L. Sellin and A.S. Zachor,
Phys. Rev. 184 (1969) 1

[3] R.H. Garvey, C.H. Jackman and A.E.S. Green,
Phys. Rev. A12 (1975) 1144.

[4 C.O. Reinhold and C.A. Falcon, Phys. Rev. A33
(1986) 3859.

[5] W. Brandt and G. Lapicki, Phys. Rev. A20 (1979)
465. and A23 (1981) 1717.



3.4 Theoretical study of cusp-electron emission from 0 8++Ar collisions

L. Sarkadi

In ion-atom collisions the emission of con-
tinuum electrons along the ion beam direction
with the velocity of the beam (the so-called
cusp electrons) is a problem of fundamental in-
terest. The cusp-electron emission associated
with target ionization is known as electron cap-
ture to the continuum (ECC). ECC may be ac-
companied by bound-state capture of an addi-
tional electron (or electrons) from the target
to the projectile. The latter process is called
transfer ionization (T1). T is particularly in-
teresting, because as a two- (multi-) electron
process it may provide information about the
role of electron-electron interaction (correla-
tion) in atomic collisions.

The present work is connected to our pre-
vious systematic experimental investigations
dealing with cusp-electron emission via TI (for
a review see [1]). These studies were car-
ried out with H+, He+, He2+, 0 7+ and 08+
projectile ions in a broad range of the col-
lision velocity (from 4.4 keV amu“l to 15
MeV amu-1). The experiments resulted in
a large amount of measuring data. How-
ever, for long time the theoretical interpreta-
tion of the obtained results was missing. First
quantitative description of the process was at-
tempted only recently [1]: The energy spec-
tra of the cusp peak and the TI/ECC cusp-
intensity ratios for the He2++He,Ar collision
systems were determined in the independent
particle model (IPM) by applying the classical
trajectory Monte Carlo (CTMC) method and
a hybrid version of the continuum-distorted-
wave (CDW-EIS) theory.

We continued the theoretical study of TI
by CTMC calculations carried out for 0 8++Ar
collisions in the energy range of 0.5-2.0 MeV.
An interesting experimental finding observed
for this collision system [2] is that the TI/ECC
ratio as a function of the collision energy ex-
hibits a slight maximum at about 0.9 MeV
amu-1. As a possible explanation, it was as-
sumed that the maximum is due to the increas-
ing contribution of the inner shells (first of all,

the L shell) to the cusp-electron production
with increasing collision velocity.

The preliminary results of the CTMC sim-
ulations made for the L and M shell of Ar
support the above assumption: At 1 MeV
amu-1 collision energy the contribution of the
L shell to the total cusp-electron emission is
59% and 81% for ECC and TI, respectively.
Energy spectra of the ECC and TI cusp are
shown in Fig. 1. The calculated TI/ECC ratio
is 0.51, in good agreement with the experi-
mental value, 0.58 + 0.18. This indicates that
the electron correlation plays a minor role in
T1 (the calculations were made in IPM).

Electron energy [eV]

Figure 1. Energy spectra of the ECC and TI cusp
calculated by the CTMC method for 1 MeV amu-1
0 8nh+Ar collisions.

[1 L. Sarkadi, L. Lugosi, K. Tékési, L. Gulyas and
A. Kovér, J. Phys. B: At. Mol. Opt. Phys. 34
(2001) 4901.

[2] P.A. Zavodszky et al, XIX. ICPEAC,
Abstr.: p. 311. (1995)
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3.5 Laser Spectroscopy of Antiprotonic Helium Atoms
D. Horvéath, B. Juhasz, E. Takacs (ASACUSA collaboration)

In 2001, laser spectroscopy studies of
antiprotonic helium atoms (p-e_-He2+ =
pHe+) were carried out at the Antiproton De-
celerator (AD) of CERN between July and
September. The experiments used both the
direct AD antiproton beam (energy: 5.3 MeV)
and the decelerated beam (energy: 20-120
keV) which was produced using the Radio
Frequency Quadrupole Decelerator (RFQD), a
unique device which both decelerates and fo-
cuses the antiproton beam.

The studies included:

* Precision measurements of the wave-
lengths of transitions between pairs of
metastable and short-lived antiprotonic
states in 4He. These measurements pro-
vided the most precise determination of
the mass and charge of the antiproton to
date, a test of the CPT invariance [1].

 Investigation of the influence of colli-
sions with D2 molecules on the lifetime
of metastable antiprotonic states in com-
parison with that of H2 studied earlier.
A significant isotope effect was observed
[21.

» Determination of the hyperfine splitting
of an antiprotonic state using a laser-
microwave-laser triple resonance method
[34]. This hyperfine splitting is caused
by the interaction of the electron spin
and the antiproton’s orbital magnetic
moment.

» Discovery of 10 new laser resonant tran-
sitions between antiprotonic states, 4 of
them in 4He and 6 of them in 3He. The
wavelengths of these transitions were
also measured.»

» Determination of the density shifts and
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zero-density wavelengths of 9 transitions
in 3He.

» Determination of the initial populations
of metastable antiprotonic states in 3He
and 4He by measuring the time depen-
dence of the resonance intensity of the
transitions [5].

» Observation of laser induced transitions
at ultra low densities of He, about three
orders of magnitude lower than before.
These measurements used the low energy
beam after the RFQD. At such low target
densities, the measured transition wave-
lengths are practically the zero-density
wavelengths therefore no density shift
correction is needed.

» First observation of a two-photon transi-
tion between states of pHe+.

» Determination of Auger rates of short-
lived antiprotonic states [6].

Another remarkable achievement of 2001
was the capture, cooling and extraction of an-
tiprotons using an antiproton trap inside of
a superconducting magnet. We this trap, we
could capture appr. 105106 antiprotons com-
ing from the RFQD, cool them using a cold
electron cloud and rotational compression, and
extract appr. 102-103 to the end of a 3 meter
long beamline at energies of 10-250 eV.

Almost all of the support structures of thé
experimental devices were designed and mani-
factured in Hungary.

[1] M. Hori et al., Phys. Rev. Lett. 87 (2001) 093401.
[2] B. Juhasz et al., Eur. Phys. J. D (in press)

[3] E. Widmann et al., in preparation.

[4] J. Sakaguchi et al., in preparation.

[5] M. Hori et al., submitted to Phys. Rev. Lett.

[6] H. Yamaguchi et al., in preparation



3.6 Differential cross sections for positron impactexcitation of hydrogen

L. Lugosi and K. T6kési

The study of the energy and angular dis-
tributions of the ejected electrons and scat-
tered projectiles provides a sensitive test of
various theories in atomic collision physics [1].
The most extensive and thorough ivestigations
of positron-atom scattering have been made
for atomic hydrogen. Noteworthy contribu-
tions on the elastic scattering, positronium
formation, discrete excitation and ionization
processes in positron-hydrogen collisions can
be found both theoretically and experimen-
tally, for example, in the works of Walters [2],
Kernoghan et al. [3], Zhou et al. [4] and Jones
et al. [5].

In this paper a distorted wave polarized or-
bital (DWPO) model and the classical trajec-
tory Monte Carlo method (CTMC) are used
to calculate singly differential excitation cross
sections for positron impact induced Is-2s
transitions in hydrogen at 50, 100 and 200
eV incident energies. For the simple close-
coupling approximation the coupled radial
Schrédinger equations are

1
2 dr2
2

W + Vpor(t-)<%L(r), f= 1,2.
i=1

The boundary conditions for the radial wave
functions u\(r) can be written

uMr = 0) = 0,
@1+ D)i*

u\(r -> 00) = i

kT - jI(Kir)Sij -

I
P (2)

where T-j denote the partial transition ma-
trix elements, k\ and k2 are the magnitude of
the momentum of the incident and scattered
positrons, ji(x) is the spherical Bessel func-
tions, respectively. The perturbation between
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the incident positron and the atom is

, 3)

va(rx) == Ly
so that the repulsive static matrix potential
Vij(r) = (@p™)\YK(r,x)*(x)), where r,x
are the position vectors of the positron and
electron referred to the proton, i and j la-
bels the Is and 2s eigenfunctions of the fi-
atom, respectively. In eq. (1) Vpoi(r) is
the Callaway-Temkin [6] polarization poten-
tial that describes the interaction between the
positron pojectile and the neutral polarizable
hydrogen atom in multipole order. The dis-
torted wave model is useful when the cou-
pling between the channels is small. Using the
Green’s function technique, the inelastic par-
tial transition matrix elements in the frame-
work of DWPO model can be expressed as

T2i = —\/7k7iE§:exP Usi+4)] X
00

XJ o lr)vzi(r)u[(r)dr, (4)
o

where gB(r) satisfies the differential equation

1
2 dr2

D voqe -

Vet + k1 9R(r) = 0 (5)
with the boundary conditions

gR(r -» 00) =sin (k2r-y +4) « (6)
Here 6\ 2 are the partial-wave phase shifts.

Thus we obtain the differential cross section
for excitation of hydrogen as

dor2 XX2Z+ 1)expli((* + 4 )] X
dfi  kfk2 7 Jexpli((* + 4]
(e]e) 2

<J g B(r)V2i(rju[(r)dr-Pi(cosQ) . (7)



Here Pi(x) denote the Legendre’s polinomial of
the first kind of order | and 0 is the scattering
angle. The u[(r),gB(r) functions were propa-
gated using a Numerov algorithm with energy-
dependent radial mesh with step-size ranging
from 10-3 to 10-2 atomic units. The con-
verged values of the T-matrix were determined
by summing a set of partial waves belonging
to low | values (usual up to imea; = 10..15).
For higher I values the effective range formulas
were applied

6 = -2kiJ ri(kir)Viti(r)dr
0

Tor =-2y/hIbJ ri(kir)ji(k2r)vVai(r)dr,
0

« = *1+& Th = 3u explifi]. )

Fig. 1 shows the differential cross sections
for Is-2s excitation at three incident energies.
At 50 eV the present CTMC results are very
close to the second order distorted wave Born
(DWB2) data of Bubulev and Madison [7]. For
small scattering angles the different theoretical
calculations give the same values except the
data of the present DWPO model. At large
scattering angle the coupled-channel optical
model (CCOM) of Bransden et al [8] predicts
smaller cross sectiongvalues than the other cal-
culations. At 100 eV our data are in good
agreement with results obtained by DWB2 ap-
proximation and the multi-state close coupling
(MCC) calculation of Walters [2]. At 200 eV
the CTMC data overestimate the results of
previous and present quantum mechanical cal-
culations.

This work is supported by OTKA No0.T032306,
the grant "Magyary”.
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Figure 1. Differential cross sections for positron

excitation of the 2s state of hydrogen at 50, 100

and 200 eV bombardment energies.
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3.7 Application of the Landau-Zener model and the classical trajectory Monte
Carlo method for capture processes in collisions of highly charged ions with

light atoms

L. Lugosi and L. Sarkadi

Single and double electron transfer pro-
cesses in slow collisions of multiply charged
ions with light neutral atoms are one of the
most basic reactions in a few-body Coulomb
system. The cross sections of these colli-
sion systems are not only fundamental data
in atomic physics, astrophysics, plasmaphysics
and fusion-plasma research but also help to un-
derstand ion-atom collisions in the low-energy
region (E<25 keV amu-1). In this work we
investigate the single and double electron cap-
ture processes in collisions of C6+, N7+, 08+
and Ne+1° with H or He targets using the semi-
classical two-state Landau-Zener-Stueckelberg
(LZ) model and the three-body classical tra-
jectory Monte Carlo method at low impact ve-
locities (v<I au).

100

LZ (SEC+DEC)

CTMC (SEC+DEC)

Hard and Jouin (SEC+ADEC)
Iwaietal. (SEC+ADEC)
Panev etal. (SEC+ADEC)

0 3+ He

E [keV/amu]

Figure 1. Cross sections of capture in 0 8+ + He
collosions as a function of the impact energy.

In describing the collision dynamics of pro-
cessess SEC and DEC (single and double elec-
tron capture, respectively) in case of the He
target we applied the one active electron ap-
proximation with a single-centre effective po-
tential for calculations of the dominant (n,l)-
level state selective and total charge exchange
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cross sections. For He target part of the di-
excited states of the projectile ions produced
by DEC decay by Auger emission of one elec-
tron. This autoionizing double capture chan-
nel (ADEC) is not taken into account in the
present work.

In the LZ approxiamtion, the single elec-
tron transition probabilities P LZ after two pas-
sages through the crossing region are given by
the

_ 2mA2(L)
P=8P . mFR) pre
PLZ=2p(l-p) )

equations in the adiabatic molecular orbital
basis. Here Rc is the diabatic curve-crossing
distance, AR is the splitting of the correspond-
ing adiabatic energies, AF(R) = d/dR.A(R)
and vr is the radial velocity. For calculation
of the total cross sections in the two-electron
cases we have applied the modified IPM model
of Errea et al. [1 which is a nonequivalent
independent electron treatment in the frame-
work of the LZ approximation. An example
of our calcualtions are shown in Fig. 1 for
the 0 8+ —He system together with the close-
coupling calculation of Harel and Jouin [1] and
experimental data of Iwai et al. [3] and Panov
et al. [4]. In our present approach the LZ cross
sections are given in a fully analytical form.
The obtained values of the LZ as well as the
CTMC capture cross sections are in a reson-
able agreement with the experimental data and
the results of other theoretical calculations.

[ L.F. Errea, A Macias, L. Mendez and A. Riera.
Phys. Rev. A64 (2001) 032714.

[2] C. Harel and H. Jouin, J. Phys. B25 (1992) 221.

[3] T. Iwai et al., Phys. Rev. A26 (1982) 105.

[3] M.N. Panov et ai, Physica Scripta T3 (1983) 124.



3.8 Improvement of atomic physics database is necessary to utilise the full

potential of EDS X-ray spectrometry

I. Torék, T. Papp

Despite of the generally accepted opinion,
that X-ray analytical methods, likee. g. PIXE
(Particle induced X-ray emission) are matured,
the utilisation of the full potential of the
method is far from reaching its limit. One of
the possible reasons for this is, that either the
atomic process, or the detection mechanism is
not considered in necessary depth. E.g. there
are large number of lines with small relative
intensity, which in certain circumstances are
larger than negligible, and in addition some of
them could depend on the chemical states of
the sample. These lines are in the neighbour-
hood of the diagram lines, which are used in
analytical measurements, and they are not re-
solved by semiconductor detectors. Moreover
many times in the evaluation of the X-ray spec-
tra they are not involved into the model spec-
trum. This can lead to unwanted analytical
errors: By WDS the energies and intensities of
such weak lines can be measured, and these
energies and intensities can be used in con-
struction of the model spectrum for spectrum
evaluation. Such evaluations give more precise
and reliable analytical results. We have mea-
sured and collected from the literature some
of these data: The intensity of KR5 [1, 2], the
energies of KaL* and K/?L* multiple ionization
satellites (in this case we could deduce simple
semi-empirical formulae for the energies of the
i-th satellites of a given element: [3] for KaL
and [4] for K/3L satellites). Now a similar work
is in process for the intensities of these multi-
ple ionization satellites for elements 11<Z<50
for cases when the projectile is 1-4 MeV pro-
ton [5]. Such compilation and experimental
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works can help EDS to reach more precise an-
alytical results. E.g. the newer versions of the
GUPIX, an X-ray spectrum evaluation pro-
gram package (developed at the Guelph Uni-
versity, Canada) widely used in PIXE [6,7,8],
now either already use these results, or the use
of them is in preparation.

The work was supported by OTKA No.
T016636.
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3.9 Separation of extrinsic and intrinsic plasmon excitations in Ge KLL Auger
spectra

Z. Berényi, B. Aszalés-Kiss, A. Csik, J. Toth, L. Kovér and D. Varga

The nature of the Ge satellite structure and LEG 62 electron gun. During measurements
the contributions from extrinsic and intrinsic the vacuum was better than 2x10~9 mbar. The
processes were investigated using the ESA-31 measured and the corrected KLL spectra can
electron spectrometer[1]. These measurements be seen on figure 2. The structures were fit-
are providing the first high energy resolution ted by sets of Lorentzians at both cases. The
Ge KLL data. intensity ratio of the plasmon peaks induced

Plasmons are commonly defined to be the by intrinsic and extrinsic excitation processes
oscillations of the free electron gas in conduc- is found to be:
tors, however, some semiconductors appear to
show similar phenomenon. In an earlier work = 0.44 + 0.03 (10)
on the Ge KLL Auger spectra the presence of a mext

strong satellite was identified as due to the ef-
fect of inelastic electron scattering [2]. The re-
flected electron energy loss (REELS) spectrum
of Ge also shows the well-known periodic plas-
mon excitation structure (fig. 1). The plasmon
excitation can be originated at any sudden
change in the electric potential field. In photo-
and Auger electron spectroscopy (XPS/AES)
we usually distinguish between two excitation
mechanisms, the so-called ‘intrinsicl process,
due to the creation of a core vacancy e.g. in
XPS and the ‘extrinsic* excitation when the
presence of the outgoing photo- or Auger elec-
tron modifies the equilibrium potential in the
solid. Both excitation mechanisms contribute
to the energy loss structure, however, their ef-
fects can be separated using the differential in-
elastic scattering cross section extracted from
REELS spectra [3]. Since in REELS experi-
ments only extrinsic plasmons are produced,

using this cross section one can eliminate the [1 L. Kover, D. Varga, I. Cserny, J. T6th, K. Tokesi,
extrinsic part of the plasmon peak in the KLL Surf. Interface. Anal. 19 (1992) 9.
spectrum [4. Ge KLL spectra, excitéd by 2 E'(lsg(gg;I%‘g;k" C. Nordling, Arkiv for Fysik 14
Cu x-rays (bremsstrahlung) were measured by [@ S. Tougaard, J. Kraaer, Phys. Rev. B43 (1991)
the home built ESA-31 electron spectrometer 1651.

based on a 180° hemispherical analysis, using [4 S. Tougaard QUASES: Software Package for
2.6 eV energy resolution at 8.5 keV electron en- Quantitative XPS/AES of Surface Nanostruc-
ergy. Energy loss spectra of 5 and 7 keV energy tures by Peak Shape Analysis (ver. 4. 4.) Univ. of
primary electrons were produced using a VG Southern Denmark: Odense, Denmark, 2000.
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3.10

Thickness determination of Germanium surface layers

Z. Berényi, B. Aszalds-Kiss, A. Csik, J. Téth, L. Kovér and D. Varga

In the electron spectra of solid samples
with finite thickness there is always a distor-
tion due to the energy losses of the outgo-
ing electrons during inelastic scattering events.
The strength of this distorting effect strongly
depends on the pathlength of the electrons in
the solid, so on the sample’s geometry. The
thicknesses of Ge surface layers on Si substrate
were determined with a method based on in-
elastic electron scattering model using high-
resolution photoelectron spectra of the sam-
ple. An attempt was made to complement the
QUASES™ spectrum analyzer package with
guantitative thickness evaluation method.

For the elimination of the inelastic scat-
tering effect Tougaard et al. developed the
QUASES!™ program package [1]. As input, it
requires the electrons ’ inelastic mean free path
(IMFP) and inelastic scattering cross section
in the studied material, as well as the geomet-
rical parameters of the sample. The evalua-
tion results in an energy distribution that is
supposed to be free from inelastic distorting
effects, i.e. the source spectrum, which is emit-
ted by the atoms into the solid. The aim of the
present work is to establish a reliable method
for the optimization of the sample’s morphol-
ogy parameters while all other inputs and a
reference source function are given. Assum-
ing a certain geometrical setup, the shape of
the resulting source spectrum can be compared
to the reference source function and the good-
ness of the matching can be quantified through
a parameter similar to the y2 function. The
optimum is reached for the real morphologi-
cal data of the sample. The reference source
function can be obtained from the evaluation
of the electron spectrum of any samples with
known morphology. The most convenient way
is to use a semi-infinite reference sample, be-
cause in this case the elimination of the in-
elastic background is simpler (e.g. no need to
use IMFP). Ge layers with various thickness
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(monitored by a quartz crystal microbalance)
were deposited onto Si substrates by d.c. mag-
netron sputtering technique, forming flat and
amorphous surface layers. For the evaluation
the photoelectron spectra of the Ge 2p region
were used, because its structure is free from
the inelastic tail from any higher energy peak.

\We used Cu Kag” excitation and the ESA-31

high-resolution hemispherical spectrometer [2].
The IMFP values were taken from reference
[3] and were checked by own measurements.
The differential inelastic scattering cross sec-
tions were obtained from our reflected electron
energy loss spectrometry (REELS) experiments
on samples prepared in the same manner as
described above and were evaluated with the
method suggested by Tougaard et al. [4]. For
each sample the optimal thickness and also its
error can be determined well from the shape of
the y2 curve [5]. Figure 1 shows the summary
of the surface layer thickness determination re-
sults for all of the studied samples.

[] S. Tougaard QUASES: Software Package for
Quantitative XPS/AES of Surface Nanostruc-
tures by Peak Shape Analysis (ver. 4. 4.) Univ. of
Southern Denmark: Odense, Denmark, 2000.
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Surf. Interface. Anal. 19 (1992) 9.

[3] C.J. Powell, A. Jablonski, J. Phys. Chem. Ref.
Data 28 (1999) 19.

[4 S. Tougaard, J. Kraaer, Phys. Rev. B43 (1991)
1651.

[B] G. Cowan: Statistical Data Analysis, Clarendon
press, Oxford, 1998.



3.11

Calculation of the Single Differential Cross Section of the Is —=21 Excitation

of the Lithium-Like 0 0+ lons in Collisions with He

A. Orbén, B.Sulik and T.J.M. Zourosa)

New calculations of single Is — 2p ex-

citation cross sections have been performed
in the second order semiclassical approxima-
tion (SCA). Two types of intermediate states,
Is2s2 2S and Is22p 2P, are considered and
compared with existing state-selective Auger
electron production cross section data [1] mea-
sured earlier in collisions of 0 5+ (1s22s) with
He targets. The considered transitions are as
follows:
05+(1s22s) + He -+ 05+(Is(2s2p3-1P)2P_+)
+ He - 06+(ls2) + He + eAugeT .
In the calculations the electronic screening ef-
fect of the target is taken into account by using
a Is type H-like screening potential [2], while
the projectile initial and final states are de-
scribed with Hartree-Fock-Slater (HFS) wave-
functions.

Figure 1. Single differential cross section as
a function of the projectile (05+) energy. The
present calculation is marked by SCA, eeE stands
for a Isi Born calculation and TTL shows the
contribution of the transfer-loss process calculated
elsewhere [5].

The impact parameter dependent excitation
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probabilities P{b) are calculated within the
framework of the time dependent perturbation
theory. The Auger e~ emission cross sections
at 0° from the doublet initial state r (2P_ or
2P+) to the ground state, were calculated in
the following manner [3]:

_ A [(1+ 2D2)a0+ (2—2D2)ai]

where a* is the Auger yield for the decay from
the state r to the ground state, D2 is the
dealignement coefficient and co and <i are
the single excitation cross sections for Is —
2p(m = 0) and Is —2p(m = 1) transitions.
Different B1 and B2 calculations have been
previously reported using screened H-like pro-
jectile wavefunctions for the same system [4],
but these calculations overestimated the exper-
imental data by a factor of 2 —3. Our new
results are in much better agreement with ex-
perimental data. In the present calculations,
we also have taken into account the TL pro-
cess [5]. We treat the dielectronic interaction
(eeE) within the framework of the 1st Born ap-
proximation.

a) Department of Physics, University of Crete &
I.E.S.L-F.0.R.T.H., Heraclion, Crete, Greece

[ T.J.M. Zouros, D.H. Lee, J.M. Sanders and P.
Richard, Nucl. Instr. & Meth. Phys. Res. B79
(1993) 166.

[2] S. Ricz, B. Sulik, N. Stolterfoht, i. Kadar, Phys.
Rev. A47 (1993) 1930.

[3] N. Stolterfoht, A. Mattis, D. Schneider, G. Schiwi-
etz and B. Sulik, Phys. Rev. A48 (1993) 2986.

[4 T.J.M. Zouros, D.H. Lee, P. Richard, U. Thumm
and B. Sulik, Scientific Program and Abstract
of Contributed Papers (TH129), XX. ICPEAC,
23-29 July 1997, Vienna, Austria.

[5] A. Orban, T.J.M. Zouros, L. Gulyas and B. Sulik,
Program Schedule & Abstract Book (3D-015),
ICESSS8, 8-12 August 2000, Berkeley, USA.
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Collision dynamics probed by convoy electron emission

M. Seligera\ K. Tékési, C.O. Reinholdb J. Burgddrferal Y. Takabayashic\ T. Itoc\ K. Komakic\

T. Azumad\ and Y. Yamazakicg)

We have probed the description of the
collision mechanisms by the emission of con-
voy electrons as a result of the transport
of an Arl7+ ion with an energy of 390
MeV/amu through self-supporting amorphous
carbon foils of thickness varying from 25 to
9190 /ag/cm 2. We have on one hand performed
a classical trajectory Monte Carlo (CTMC)
simulation of the random walk of the electron
initially attached to the relativistic hydrogenic
Argon ion. On the other hand we have per-
formed measurements of the final kinetic en-
ergy of the emitted convoy electrons at the
Heavy lon Medical Accelerator in Chiba (HI-
MAC).

By varying the target foil thickness we have
the opportunity to scan different regions of col-
lision dynamics: electrons emitted from very
thin targets have suffered only few hard elastic
collisions. With increasing target foil thick-
ness higher excited states become populated
and hence contribute to an increased flux of
electrons into low lying continuum states. This
transition is dominated by inelastic collisions
transferring small amounts of momentum. The
third region isihe post ionization transport of
continuum electrons that is governed by an-
gular straggling due to elastic collisions and
energy stopping as a result of inelastic interac-
tions with target electrons.

Electrons emitted from very thin targets
show a broad almost isotropic velocity distri-
bution (Fig. 1). With increasing foil thick-
ness emission from higher excited states be-
comes dominant. The width of the velocity
distribution of the emitted electrons decreases
with increasing foil thickness in both direc-
tions, parallel and perpendicular. Since the
minimum width in the parallel velocity distri-
bution is reached for targets of a thickness of
248 fag/cm2 and for the perpendicular later,
the overall distribution shows an elliptic form.

The effects of post ionization transport be-
come apparent for thicker foils: Both velocity
distributions, parallel and perpendicular, are
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broadened. Inelastic collisions are decreasing
the parallel velocity resulting in an increased
with and a shift towards lower energies. The
perpendicular velocity is mostly effected by
elastic collisions. The so called "Newton Cir-
cle” is clearly visible for the thickest foils in
Fig. 1.

Figure 1. Velocity distribution of simulated con-
voy electrons emitted by an Arl7+ in transport
through a carbon foil of different thickness. Fig-
ures show contour plots of the velocity distributions
in the parallel versus the perpendicular directions
with respect to initial projectile ion velocity. The
foil thickness is denoted for every graph in units of
gg/cm2. Intensities have been normalized to one.

This work is supported by FWF, OTKA
No0.T032306, the grant ”Magyary”, and the
"Stiftung Aktion Osterreich-Ungarn” (450u6).

a) Institute for Theoretical Physics, Vienna Univer-
sity of Technology, Austria.
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Oak Ridge, Tennessee.

c) Institute of Physics, Graduate School of Arts and
Sciences, University of Tokyo.

d) Department of Physics, Tokyo Metropolitan Uni-
versity, Hachioji, Tokyo.

e) Atomic Physics Laboratory, RIKEN, Wako,
Saitama, Japan
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Field

Enhancement of Low-Energy Electron

lon Recombination in a Magnetic

M. Homdla\ S. Yoshidaa\ K. Tékési, and J. Burgdorferi

Electron-ion recombination in cold magne-
tized plasmas shows a dramatic enhancement
of the radiative recombination rate for bare
high Z ions relative to what standard radiative
recombination rates predict. Several proposals
have been put forward to explain this surpris-
ing discrepancy with theory for one of the sup-
posedly well-understood elementary quantum-
electrodynamic processes. They range from
the influence of three-body recombination and
density enhancement due to plasma screening
effects to transient electric field induced recom-
bination. None of these models can, so far, ac-
count quantitatively for the observed enhance-
ment.

We developed an alternative model which
focuses on the classical chaotic dynamics of
the electron in the combined Coulomb field of
the ion and the magnetic guiding field in the
cooler. The phase space structure of this irreg-
ular scattering problem is such that general-
ized deflection functions, specifically the visit
function, are dramatically changed compared
to the pure Coulomb case. As a result, the net
flux of electrons towards the immediate vicin-
ity of the ion is enhanced.

As a first application we compare our sim-
ulation with the experimental data [1] for C6+.
The electron temperatures in this experiment
are fcgTji ~ 0.06 meV and kBT+ ~ 5meV, and
the magnetic guiding field of the electron beam
isB = 42 mT. Fig. 1shows the recombination
rate as a function of the average relative en-
ergy between electrons and ions. The dashed
line corresponds to the standard RR theory.
The solid line represents the experimental data
[ and the circles the enhanced recombination
rate according to our present CTMC calcula-
tions.

The calculation appears to reproduce the
enhancement quite well, both in terms of the
energy dependence and the overall magnitude
of the effect. In fact, the present calculation
seems to overestimate the enhancement by 20

35

to 30 %. Several effects in the experiment not
taken into account within the theory may ac-
count for this overestimate. The simulation as-
sumes a perfectly homogeneous magnetic field
neglecting any inhomogeneity or fluctuation.
The velocity distribution may not be perfectly
Maxwellian as assumed in our theory. More-
over, fluctuating fields and perturbations due
to neighbouring ions and electrons, i.e. many-
body effects in the plasma are ignored. Fur-
thermore, future investigations should include
non-adiabatic switch-on and switch-off effects
of the magnetic field at the entrance and the
exit of the cooler which may have an influence
on the recombination rate [2].

Figure 1. Radiative recombination rate for C6+
and B =42 mT as a function of relative energy be-
tween electrons and ions. The standard RR theory
with nmax — 10 (dashed line), the experimental
measurements [1] (solid line), and CTMC results
(o) are plotted.

This work is supported by FWF, and the
”Stiftung Aktion Osterreich-Ungarn” (456u6).

a) Institute for Theoretical Physics, Vienna Univer-
sity of Technology, Austria.
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Evidence for Fermi-Shuttle lonization in C+ + Xe Collisions

B. Sulik, Cs. Koncz, K. T6kési, A. Orban and D. Berényi

In C+ + Xe collisions, clear evidence
has been found for the consecutive projectile-
target-projectile (P-T-P;triple) and projectile-
target-projectile-target (P-T-P-T; quadruple)
scattering of the electrons before their ejec-
tion. This type of multiple scattering is often
referred to as Fermi-shuttle mechanism, which
provides ping-pong electrons. Orginally, the
model has been introduced by Fermi [1] to give
a possible explanation of the origin of cosmic
rays. He supposed that giant magnetic fields
moving in space against each other, can accel-
erate charged particles up to extremely high
energies in a long set of elastic collisions. It
was pointed out later that even the microscopic
fields of molecules or atoms might play this
kind of ping-pong game with electron balls.
Such processes may contribute to the spectra
of electrons, emitted in collisions of energetic
particles with matter. The high-energy tail of
these spectra is important for many reasons.
The observation of such hot electrons is of fun-
damental importance for basic research. Ener-
getic (few keV) electrons form a rather long-
range secondary radiation which has a crucial
role in the interaction of radiation with biolog-
ical tissues, relevance in astrophysics, plasma
physics and also in analytic methods or ion-
beam technologies.

lonization in ion-atom collisions may in-
clude a sequence of backscatterings of an elec-
tron between the incoming projectile ion and
mie target core. The velocity of the electron is
increased by approximately TV, in every 180°
elastic scattering with the incoming projectile,
while only the direction of the electronic mo-
tion is changed by a scattering with the target:

The cross section ratios are shown in Fig. 4.
Distinct broad peaks appear at TV in back-
ward angles and close to 41/ in both forward
and backward angles. The integrated experi-
mental relative P-T : P-T-P : P-T-P-T yields
are 10,000 : 280 : 16. The large fractions
backscattered by the xenon core in the fourth
scattering (~6%) might be considered as an in-
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dication for a trapping mechanism. Fig. 4 also
shows the results of classical trajectory Monte
Carlo (CTMC) calculations, performed for all
shells of the C+ ion (electron loss), and for the
Ad, 5s and 5p subshells of Xe. It is clearly seen
that experiment and CTMC calculations pro-
vide very similar peak structures. Moreover,
an analysis of the associated recoil ion mo-
menta shows that at least 97% of the “CTMC
electrons” in the peaks at AV are emitted in
P-T-P processes at forward, and in P-T-P-
T processes at backward observation angles.
These results provide an independent confir-
mation that the experimental peaks at about
AV also originate from the indicated processes.

Figure 1. Comparison between experiment and
CTMC calculations. Both data sets are divided
by the PWBA target results, and integrated over
forward (a) and backward (b) observation angles.
Some typical error bars are also indicated [2].

This work is supported by OTKA Nos.
T032942, M27839, T032306 and the grant
”Magyary”.
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[2] Sulik et cd., Phys. Rev. Lett. 88 (2002) 73201.
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Auger-electron lineshapes in electron impact ionization

B. Partpésa), G. Vitézal Gy. Vtkorb K. Tékési, and L. Gulyas

The distortion effects of the post-collision
interaction (PCIl) on argon 23 23-QP3
Auger electron lineshapes at 2 keV electron
and 3.6 MeV antiproton impact inner-shell ion-
ization, where reliable experimental data are
available, and where a discrepancy was found
between theory and experiment, have been cal-
culated [1]. The calculations were based on
the model of Kuchiev and Sheinerman [2] ap-
plying our cross section data for secondary
electrons, determined by a classical trajectory
Monte Carlo (CTMC) method and a contin-
uum distorted wave (CDW) method. We sep-
arated the effect of the ejected electron and the
scattered projectile.

Fig. 1shows the angular dependence of the
average asymmetry parameter (£). The re-
sults show that the angular dependence of £
is caused mainly by the scattered projectiles.
When only the ejected electrons are taken into
account the CTMC and the CDW based cal-
culations result in an opposite (although very
week) angular dependence. The discrepancy
between theory and experiment at nNa = 90° is
probably caused by the underestimated cross
sections of the slow ejected electrons. It re-
ally can happen because in the CTMC method
the dipole interaction is neglected and in the
CDW approach the cross section - because of
computational reasons - breaks down under
10 eV. Then the decreased cross sections re-
duce the peak asymmetry in the whole an-
gular interval. At the same time the cross
sections of the high energy projectiles scat-
tered in the forward direction (corresponding
to the low energy ejected electrons) are also un-
derestimated that reduces the angular depen-
dence. The resultant of these two effects is that
the peak asymmetry is underestimated only
around 6a = 90° It is interesting that the
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CTMC based calculations agrees better with
the experiments when we - keeping the scat-
tered electron projectile - exchange the cross
sections to the ones concerning the antiproton
projectiles.

Figure 1. Angular dependence of the Auger peak
asymmetry: (circle) experiment with electron pro-
jectile; thick lines: calculations when the scat-
tered projectile is electron (with CTMC (solid line),
CDW (long dashed line) and CTMC-antiproton
(-..-) cross sections); c, thin lines: calculation -
but the effect of the scattered projectile is omitted
(CTMC (dashed line) and CDW (dotted line) cross
sections) or the scattered projectile is antiproton
with equivalent velocity (dashdotted line) (CTMC-
antiproton cross sections).

This work is supported by OTKA No.
T032306, the grant "Magyary”.
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3.16
Evidence for capillary guidance

Transmission of Ne7+ ions through nanocapillaries etched in polymer PET:

N. Stolterfohta\ J.H. Bremeral R. Hellhammera\l V. Hoffmanna\ B. Sulik, K. T6kési, A. Petrova

and D. Fink°)

Recently, we performed experiments in
which slow highly charged ions are transmit-
ted through capillaries with a large aspect ra-
tio of about 100nm diameter in a 10pm thick
PET polymer foil [1]. The nanocapillaries were
produced by etching ion tracks in PET using
NaOH. We measured the transmission of 3 keV
Ne7+ ions whose final charge state and angu-
lar distribution were analyzed by means of an
electrostatic deflector.

Similar studies have previously been per-
formed using the method of x-ray spectroscopy
[2]. In our experiments, particular emphasis
was given to the angular distributions of the
transmitted ions measured using highly insu-
lating PET surfaces. The results are partially
shown in Fig. 1. For PET foil tilted by 5°, the
angular distribution of the Ne7+ is found to
be relatively broad (FWHM of ~ 6°) and the
maximum is shifted by 5°. Similar results were
obtained when the tilt angle was increased up
to 20°. The results are completely different,
when the capillaries are covered with Ag. In
this case the angular distribution is as narrow
as 1° HWFM, which is expected when no force
acts on the ion within the capillaries.

The results are partially shown in Fig. 1
For PET foil tilted by 50, the angular distribu-
tion of the Ne7+ is found to be relatively broad
(FWHM of 6°) and the maximum is shifted by
5°. Similar results were obtained when the tilt
angle was increased up to 20°. The results are
completely different, when the capillaries are
covered with Ag. In this case the angular dis-
tribution is as narrow as 1° HWFM, which is
expected when no force acts on the ion within
the capillaries.

Therefore, the PET results are highly un-
expected. The observation that the angular
distributions for PET has a peak equal to the
tilt angle suggests a “guidance” of the Ne7+
ion within the capillary. This observation of
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capillary guidance is surprising, since multi-
ple scattering events are expected to change
the charge state of the projectile, i.e. highly
charged ions scattered by, e.g. 5° are neutral-
ized when emerging from the surface [3]. The
present finding of ion guidance provides evi-
dence that the inner walls of the capillaries
are charged in a self-supporting process and
close collisions with the surface involving elec-
tron capture into the projectile are suppressed.
Models will be discussed to describe the capil-
lary guidance.

Figure 1. Angular distribution of Ne7+ ions trans-
mitted through capillaries in PET. The foils were
tilted by the angles as indicated in the figure. The
solid lines represent Gaussian functions fitted to
the data. The distinct peaks at 0° were obtained
using capillaries covered with Ag. These silver data
indicate that there is no guidance when the surface
is conductive.

a) Hahn-Meitner-Institut Berlin GmbH, Glienick-
erstr. 100, D-14109 Berlin, Germany, e-mail:
stolterfoht@hmi.de
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Electron emission in highly-charged ion collisions on Li surfaces

B. Sulik, J. Rangamaa\ J.-Y. Chesnela\ J.H. Bremerd V. Hoffmannb and N. Stolterfohtb>

Electron emission following 4- and 30-keV
Ne4+ ion impact on a Li surface was investi-
gated. For Li, the valence band in the solid
replaces the 2s atomic shell, while the Is core
remains essentially the same as for atomic Li.
These changes lead to differences in the core
excitation mechanisms, and may involve col-
lective effects such as plasmon excitation [1].

To study these effects, first experiments
were carried out using the ECR source at the
Hahn-Meitner Institute, Berlin. The experi-
ments were performed in a scattering chamber,
where the pressure was 2x10~6 mbar. Thin
lithium layers were build up, providing a solid
Li target, by evaporating Li onto an aluminum
substrate. The evaporation was maintained in
order to renew the surface to a clean state. By
refreshing the surface continuously, it was not
necessary to operate in an ultra high vacuum
environment.

With sufficiently fast renewal of the Li sur-
face at 30 keV ion impact, the electron emis-
sion spectra exhibited a structure near 50 eV,
due to Li A-Auger transitions following sin-
gle excitation, demonstrating the feasibility of
the present evaporation method that leads to
rough but clean Li surfaces.

Fig. 1 shows a typical spectrum taken at
lower projectile energies, where the Li A-Auger
line intensity became smaller due to the de-
crease of the K-shell excitation cross section.
Here, an intense Auger line has been observed
near 22 eV [2], providing evidence for above-
surface L-Auger electron emission from the Ne
projectiles. Auger emission from Ne is a signa-
ture of electron capture in the incoming part
of the projectile trajectory. Since Ne is much
heavier than Li, the Ne beam is unexpected to
be reflected at the Li surface. Thus, observa-
tion of Auger electrons from Ne indicates that
the Ne projectiles capture electrons in an early
stage of the collision so that their Auger decay
takes place before they reach the surface.
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Figure 1. Electron spectrum from the impact of
slow Ne4+ ions on Li. The distinct line at 22 eV
originates from the doubly excited 1s25s22p43s2 4D
state of neon atoms formed by a fourfold capture
process along the incoming ion-path above the sur-
face [2]. The strengths of that line at 40° incidence
angle shows that the capture process start to take
place at large distances from the surface. This can
be related to the low value of the workfunction for
Li (2.3 eV). The broader structures at higher en-
ergies belong to excited states with 3 or 4 L-shell
vacancies [2].

Electron capture is also expected to be ac-
companied by plasmon excitation [1]. In the
spectra, a structure near 6 eV might be at-
tributed to plasmon creation. Experiments are
under progress to confirm this interpretation.
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4.1 Micro-RBS characterisation of the chemical composition and particulate
deposition on Pulsed Laser Deposited Si\-xGex thin films

A. Simon, Z. Kéntora)

Formation and deposition of particulates
upon Pulsed Laser Deposition (PLD) of
Si\-xGex semiconductor alloy thin films were
investigated by Rutherford-backscattering
spectrometry at the nuclear microprobe fa-
cility of ATOMKI.

Large-area AFM images showed that de-
pending on the position approx. 10 to 20%
of the substrate surface was covered by dif-
ferent kinds of particulates. However, there
were droplet-free zones up to 25/xm diameter
distributed over the surface, thus by collecting
point spectra with a 2M eV H e + beam of 2/rra2
size we were able to give the accurate quanti-
tative elemental composition of the Si\-xGex
film and that of the particulates itself, sepa-
rately. Elemental maps and tomographic im-
ages were generated for the identification of
different kinds of particulates.

Regarding the mechanism of the deposi-
tion and solidification of the film in the PLD,
one would expect that each droplet is enclosed
between the two parts of the thin layers con-
densed before and after the deposition of the
given droplet. However, such structures were
not found at all, in any of the investigated ar-

eas. There is an absence of the PLD layer
beneath the droplet. Furthermore, the eval-
uation of the micro-RBS spectra revealed that
there is a distribution of the Ge elemental con-
centration in depth with a decreasing Ge frac-
tion toward the surface.

A plausible explanation of the absence of
the PLD layer beneath the droplet is that due
to the high temperature of the arriving droplet,
the existing film melted and mixed with the
droplet material. As the substrate extracted
heat from the molten material, solidification is
set on first at the interface and gradually to-
ward the free surface. Upon the movement of
the solidification front, the germanium most
likely moves towards the surface, resulting in
a continuously increasing Ge content.

Further discussion on mechanisms, includ-
ing elemental maps and tomographic images
can be found in [1]..

a) Research Group on Laser Physics of the Hungar-
ian Academy of Sciences, Szeged, P.O.Box 406,
H-6701, Szeged, Hungary.

[1 A. Simon, Z Kéantor, Nucl. Instr. and Meth B, in
press

Figure 1. Micro-RBS spectra (dots: measured; lines: simulated) collected on particulate-free area (160 nm
nominal film thickness), 640 nm and 2300 nm thick particulates, respectively.
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4.2

Formation and Stability of Metastable Pd(Zr) Solid Solution Developed

During Ball Milling and/or Heat-Treatment of PdRZr

G.L. Katonaal M. Kis-Varga and D.L. Beke®

There are indications in the literature, that
nanocrystallinity can lead to the stabilisation
of a coexisting mixture of solid solution and
ordered compound [1,2] instead of a homoge-
neous ordered equilibrium phase, or to the sta-
bilisation of the homogeneous solid solution in-
stead of a mixture of two equilibrium solid so-
lutions [3].

Formation of nanocrystalline solid solution
induced by ball milling and/or subsequent an-
nealing of the PdaZr intermetallic compound
was studied. The single phase initial com-
pound was milled in a medium energy vibrat-
ing mill under vacuum for various time periods.
The structural characterization was made by
X-ray diffraction with monochromatic CuKai
radiation. The starting material showed the
hep equilibrium phase structure of the N13Ti-
type intermetallic compound with a preferred
orientation of (004) lattice planes. 46 h milling
led to nanocrystalline single phase PdsZr with
a mean crystallite size of 10-12 nm, which is
in good agreement with the results of [1], ob-
tained by milling with a SPEX 8000 shaker
mill for 1 h in Ar atmosphere. The formation
of Pd(Zr) solid solution during annealing was
observed by X-ray diffraction. At higher tem-
peratures the phase fraction of Pd(Zr) reached
a maximum between 800 and 900 °C, then it
decreased and finally the reflections of disor-
dered phase disappeared from XRD spectrum
at 1330 °C indicating the return to the single
phase ordered state. The temperature range
of the coexistance of the two phases is higher
by 100-150 °C than that of published in [1].
We also observed that ball milling of Pd3Zr
for longer periods (up to 300 h) resulted in
single phase nanocrystalline Pd(Zr) solid solu-
tion, with a grain size of 8 nm and with a Zr
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molar fraction of 0.21. Annealing of these sam-
ples most of the intermetallics transformed to
solid solution with moderate grain coarsening.
The crystallite size increased from 8 nm to 20-
80 nm and the disordered state proved to be
stable even at high temperatures.

In accordance with [1], the behaviour of
the shortest milled sample can be explained by
nanocrystalline character of the material and
by the segregation of Zr at grain boundaries.
By longer milling we were able to transform
the compound to single phase nanocrystalline
solid solution which proved to be very stable
against annealing. This is in contrast with the
statement of [1], i.e. the PdsZr can not be dis-
ordered by ball milling. Our results however
coincide with the conclusions of the authors of
[4], who observed the formation of solid solu-
tion induced by ball milling of many ordered
alloys. It can be concluded that the nanocrys-
talline character and the grain boundary segre-
gation plays important role in the phase trans-
formation induced by ball milling and/or sub-
sequent heat-treatment of Pd3Zr, but the oxi-
dation/contamination may also have an influ-
ence on the process by stabilising the phases
and changing their compositions.

a) Department of Solid State Physics, University of
Debrecen, Hungary
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4.3 Non-linearity of diffusion in amorphous Si-Ge multilayers

A. Csik, D.L. Bekea\ G.A. Langera\ Z. Erdélyia\ L. Dar6czia\ K. Kaptaa\ M. Kis-Varga

Multilayers and superlattices are of consid-
erable industrial interest because of their spe-
cific properties and many promising areas of
application in microelectronics or optics [1,2].
However, the multilayers as compositionally
modulated materials are not equilibrium struc-
tures. Thus the- knowledge of interdiffusion
mechanisms is highly desired for understand-
ing the physical properties of these materials,
especially for the amorphous semiconductors.

For the understanding of the mechanism of
diffusion in amorphous semiconductors a con-
siderable number of factors must be controlled
and taken into account [3]. First of all the
diffusion asymmetry and non-linearity (mani-
fested in the strong concentration dependence
of the interdiffusion coefficients) [4], the signifi-
cant pore formation during the diffusional mix-
ing [5], stresses, which are known to affect in-
terdiffusion in crystals, may become more sig-
nificant in the course of the interdiffusion. The
diffusional effects in Si-Ge system were theo-
retically studied by Beke and his co-workers [4]
using finite element calculations. It was shown,
that - due to the strong concentration depen-
dence of D - the initially sharp interface does
not flatten but shifts, consuming the Si layer
and with increasing Si content the process of
intermixing slows down at longer time. This
strong concentration dependence leads to a sig-
nificant initial curvature on the In (1/10) vs. t
curve, as well (1/10 is the normalized height
of the first order small angle X-ray diffraction
peak, t is the time).

In accordance with theoretical results de-
tailed experimental measurements were carried
out and it was shown by Auger depth profil-
ing technique [6] that the concentration pro-
file at the initially sharp Si/Ge interface in
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amorphous Si/Ge multilayers shifted but re-
mained still sharp after a heat treatment at
680 K for 100 hours. At the same time the
fast diffusion of Si resulted in the formation
of an almost homogeneous Ge(Si) amorphous
solution, while there was practically no diffu-
sion of Ge into Si layer. Similar results could
be obtained from the Rutherford backscatter-
ing measurements [7], from which the change
of the concentration of Ge at the center of the
originally pure Ge layer can be determined. By
the use of small angle X-ray diffraction tech-
nique, the concentration dependence of the in-
terdiffusion coefficient in Si-Ge multilayers has
been evaluated. It has been found that the
interdiffusion coefficient is expressible in the
Arrhenius form with the preexponential term
D(0)=1.3*10-16m2s-1 and D(0.25)=7.9*10~7
m2s_1 at 0 and 0.25 at% Si. The activation
energy at 0 and 0.25 at% Si are 1.0 £ 0.2 eV
and 2.3 £ 0.7 eV, respectively.

a) Department of Solid State Physics, University of
Debrecen, Hungary

[1] Multicomponent and multilayered Thin Films for
Advanced Microtechnologies: Techniques, Fun-
damentals and Devices, Vol.234, ed. O. Auciello
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[2] A. Fert, Mater. Sei. Forum 59/60 (1990) 439.
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4.4 Magnetic relaxation and disordered magnetic phase in partially oxidized bulk
nanocrystalline iron

L. Kerekes, J. Hakl, S. Mészaros, K. Vad, P. Gurin, M. Kis-Varga, |. Uzonyi, S. Szabda
D.L. Bekea)

Vibration ball milled nanocrystalline iron At 5 T field the temperature dependence
powder with 20 nm and 30 nm average grain of the magnetization fits the Blochss T3/2
size has been prepared using pure Fe powder law. The fitted value of Bloch’s constant is
(99.95% purity) under 1 bar helium gas atmo- 8x10-6 K~32, which is 2.4 times larger than
sphere (sample A) and under 10-6 mbar va- the temperature coefficient of bulk Fe.
cuum (sample B). After preparation the sam- The time dependence of magnetization af-
ples were aged on air. ter a sudden field step at a given temperature

The comparison of XRD, PIGE and PIXE showed logarithmic character. The measure-
results showed, that atmospheric oxygen has ments indicate magnetically frozen, partially
penetrated in substantial amounts into the disordered state with a low field linear regime,
interfacial layers of the milled samples with where the relaxation rate is independent of the
memory effect to the milling conditions. starting field and depends only on the field step

Low field magnetization measurements re- (see Fig. 2.).

vealed a clear breaking point in the zero-
field-cooled (ZFC) magnetization at about
Tor = 42 K. For sample with lower oxygen
content the step in derivative is much pro-
nounced, than for sample A. In a wide tem-
perature range around T~r the ZFC magne-
tization curves can be well fitted with two,
Ma —M)}exp(-aT) type exponentially satu-
rating functions (see Fig. 1.).

Figure 2. The dependence of K coefficient on the
external magnetic field step.

The relaxation and exponential type M(T)
curves at low fields and T 3/2scaled magnetiza-
tion at high fields show the presence of blocked
ferromagnetism, explained by an exchange in-
teraction, which is mediated by interfacial ox-
ides of the sample.

Figure 1. The difference of field-cooled and zero-

field-cooled magnetizations at 50 Gauss external a) Department of Solid State  Physics,
magnetic field for sample B. The lines are to guide Debrecen University, H-4010 Debrecen, P.O.B.
the eyes. 2, Hungary
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4.5 Friction force of the highly charged ions at large distances from the metal

surfaces

K. T6kési, X-M. Tonga\ and J. Burgdorferi

We have studied the dissipative compo-
nent of the force acting on the moving highly
charged ions in front of the solid surface. When
a charged particle (ion) travels along the sur-
face, the electrons in the surface and the bulk
will be polarized and build up induced charge
density. This induced charge density can be vi-
sualized as image charge. The image charge is
located inside the solid at the same distance
from the surface as the ion but with oppo-
site sign. Therefore, the interaction between
the charged particle and its image charge is
attractive and the particle will accelerate to-
wards to surface. When the charged particle
is moving with finite velocity v, the induced
charge density will lag behind the ion leading
to an additional force in the direction opposite
to that of the ion velocity. This force is the
so-called friction force (stopping power) which
is responsible for the energy loss of the charged
particle.

During the last 80 years continuous inter-
est manifest for studies of stopping power of
atoms, molecules and solids by numerous pro-
jectiles. The works have been inspired because
the accurate knowledge of the interaction be-
tween charged particle and matter has consid-
erable importance in many different areas of
research and technology such as, for example,
surface diagnostics and spectroscopy.

In order to study the energy loss of charged
particles in distant collisions it is required to
know the asymptotic form of the stopping
power. In many applications of ion-surface
scattering a simplified classical dielectric re-
sponse picture, the so called “specular reflec-
tion model (SRM)” is very powerful tool. But,
the crude description of the induced charge
density within this approach fails to account
the realistic potential distribution in the vicin-
ity of the surface. The time dependent density
functional theory (TDDFT), however provide
an accurate model. So far the analysis of stop-
ping power at large distances by TDDFT is not
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available, therefore we have performed calcu-
lations for the first time. The comparison be-
tween our TDDFT and SRM calculations are
shown in Fig. 1, where the Fig. la displays the
distance-dependent stopping power due to the
plasmon excitations and Fig. Ib displays it due
to the particle-hole excitations. The distance
dependences are similar for SRM and TDDFT
and are given by Cpi/d3 for plasmon excitation
and Cp-h/d4 for particle-hole excitation but the
coefficients (cpuCp-h) are significantly larger
for TDDFT.

Figure 1. Distance-dependent stopping power due
to the plasmon (a) and particle-hole excitation (b)
for a proton moving in a parallel trajectory with
velocity v=0.29 a.u. in front of an Al surface. Solid
line; TDDFT, dashed line: SRM.

This work is supported by FWF, OTKA
No. T032306, the grant "Magyary”, and the
”Stiftung Aktion Osterreich-Ungarn” (456u6).

a) Department of Physics, Kansas State University,
Manhattan, USA

b) Institute for Theoretical Physics, Vienna Univer-
sity of Technology, Austria.



5.1 Geological and Biomedical Applications of lon Beam Analysis Techniques

Z Elekes, G.A. Sziki, I. Uzonyi, A. Simon, P. Rézsaa\ J. Simuldka\ Gy. Szé6ra\ A.Z. Kiss

Different types of magnetic spherules with
various geological locations in the Carpathian
Basin were studied in our earlier work [1] and
recently revealed the signs of a meteoritic im-
pact event in SW-Hungary [Z using micro-
PIXE technique. The light components of
the samples are usually measured worldwide
by charged particle detection via deuteron in-
duced reactions. Nevertheless, we previously
demonstrated that gamma-ray detection could
be also efficient in the quantitative analysis of
carbon, nitrogen and oxygen [3].

In the current study [4 we measured
the excitation function of the reaction
12C(d,py)13C in the bombarding energy of
14 —1.9 MeV. In conclusion we could state
that for analytical purposes 1.8 MeV can be
suggested when thick targets are measured.
The recommended energy for thin targets was
found to be 1.792 MeV. The resonance at
1.4495 MeV can be used for depth profiling
in specific cases.

By the measurement of standard samples
it was pointed out that deuteron induced
gamma-ray technique can provide quantitative
data on carbon and oxygen contents with an
accuracy of 10 % and minimum detection lim-
its of 90 and 70 fig/g respectively.

Moreover, our studies suggested that ac-
curate determination of iron-oxide phases and
carbon content of metallic spherules and/or
other impact materials could serve as an effi-
cient tool for the identification and clarification
of their genesis (Figure 1).

The nitrogen constituent of materials plays
relevant role in many fields of science and tech-
nology. For example, it is significant to the de-
termination of the organic fingerprint in rock
samples and more widely the behaviour of ni-
trogen contributes to diagenetic and metamor-
phic processes. Because nitrogen is an essential
element in all living matter, its determination
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in biomedical samples is of basic importance.

In our second systematic study of the ex-
perimental conditions affecting the minimum
detection limit attainable by Deuteron Induced
Gamma-Ray Emission (DIGE) method in the
case of nitrogen determination in carbon ma-
trix was carried out. As a result, an optimal
experimental set-up was realized with the use
of plate glass linings of the transport tube and
chamber close to the target and using copper
diaphragms for shaping the beam. The neces-
sity of the reduction of electronic pile-up and
the cosmic background is also discussed in our
recent paper [5]. The best detection limit ob-
tained was 130 gg/g-

a) Department of Mineralogy and Geology, University
of Debrecen, Debrecen, Hungary
[1 1. Rajta et al., Nucl. Instr. and Meth. B118 (1996)

437.

[2] Gy. Szbor et al, Nucl. Instr. and Meth. B181
(2001) 557.

[3] Z. Elekes et al., Nucl. Instr. and Meth. B168
(2000) 305.

[4 Z. Elekes et al, Nucl. Instr. and Meth. B (in press)
Bl G.A. Sziki et al., Nucl. Instr. and Meth. B (in
press)
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Figure 1. Fe, Al (PIXE), C and O maps (DIGE)
taken on Arizona metallic spherules (scan size:
1000 x 1000/zm2)



5.2 Radon exhalation of limestone bedrock and cave deposits

Z. Dezs6a\ J. Hakl, L. Molnar

Sources of airborne radon have been inves-
tigated in situ in the Baradla-cave (Aggtelek
karst, NE Hungary) using active radon detec-
tion technique.

The exhalation of radon from clay deposits
as well as from limestone bedrock was mea-
sured in several in situ experiments using spe-
cially designed exhalation chambers. The ob-
tained radon time series have 'been fitted to
model calculations which were based on simple
theoretical considerations on radon diffusion.

The result show that under normal cli-
matic conditions in caves, the effective diffu-
sion length of radon in clay is large enough to
play a significant role in feeding the cave at-
mosphere with radon gas. This is further en-
hanced by the relatively high radium-226 con-
centration and extremely small grain size of
clay minerals resulting in emanation power of

Talypo oorp

44 %. Limestone, in turn showed very week
emanation power, 2.5 %, which, together with
its low radium content, resulted in two orders
of magnitude less exhalation rate compared to
clay.

These results provide a clear evidence that
the source of radon in karstic caves is clay de-
posit.

The support of OTKA 023181, MKM
0146/1999 and Karst and Cave Foundation is
highly acknowledged.

a) Department of Environmental Physics, University
of Debrecen - Institute of Nuclear Research of
the Hungarian Academy of Sciences, 4001 Deb-
recen Pf. 51

b) Regional laboratory of HBM AEEA, 4002 Debre-
cen Pf. 137.

Sebon oo QO

Figure 1. Left: The exhalation of radon from clay deposit increases radon concentration under the accumulation
hemisphere. The data characterizing the subsoil radon transport can be extracted from the numerical fit. The fit
beside saturating part reflects periodical dilution caused by the grab sampling mode of the detection. Right: The
exhalation from a limestone sample measured in continuous mode in a closed accumulation vessel sealed in situ
at the beginning of the experiment. The decreasing tale of radon time series reflects insufficient emanation
power of limestone to feed the exhalation vessel with radon.
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5.3 Representative indoor radon survey in Gyergyéremete, Romania

I. Csige and S. Csegzi

The primary goal of the Gyergyoremete radon
programme was to pilot a representative indoor
radon survey in Romania, that can be done in other
places of the country. The 1992 census counted
2406 houses and 6550 residents in the village. Al-
most all houses are single floor wooden made houses
without cellar. Representativity of the sample was
ensured by random pull of 120 houses from the
stock (hypergeometric statistical model). Etched
track type radon detectors [1] (Radamon) were
used to measure long time average 222Rn concen-
tration. Measurements were done in sleeping rooms
at pillow level.

The detectors were distributed and collected
by 10 to 14-years-old children of the local primary
school with the help of some of their teachers. The
children’s group (called Rutherford Group) was di-
vided into subgroups with three or four children
in a subgroup. Each subgroup was responsible for
12 houses. In afternoon courses the children were
trained on the very basics of the radon phenomena.
The public was also informed about the planned
survey through the local media (cable television
and newspaper). Before the distribution of the de-
tectors the children visited all the selected houses
to check readiness of the residents to accept the
detectors. Then the distribution, and later on the
collection, of the detectors could be done almost in
single day campaigns.

Exposure lasted from January to July 1999.
The half year exposure time was chosen to reduce
the number of lost detectors (known to increase
linearly with exposure time), and to keep partici-
pating childrens and publics interest alive (likely to
fall exponentially with exposure time). The start-
ing and ending dates of the exposure period were
selected to minimize biasing effect of seasonal vari-
ation of radon in homes. At the end 115 samples
could be collected and were evaluated.
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Figure 1. Complementer (downwards) cumulative
distribution of annual average 222Rn activity con-
centration measured in a representative (random
pull) sample of the Gyergyoremete housing stock.
The solid line is the lognormal distribution fit to
the experimental data.

Figure 1 summarizes the results of our sur-
vey. We have found that the distribution of indoor
222Rn activity concentration can be very well fit-
ted with lognormal distribution. The correlation
coefficient of linear fitting on linearized scales was
K = —0.9980. The arithmetic mean (95 Bq m-3)
and the distribution together suggests that, though
22Rn in Gyergyoremete’s houses may have been
significantly higher than estimated world average
(about 40 Bg m~3), but still, the area should not be
classified as a radon prone area. The percentages
of houses expected to have annual average 22Rn
activity concentration higher than 400 Bq m-3 is
less than 1%, and of those higher than 600 Bq m-3
can be estimated to be around 0.1 %.

OTKA T-029306 supported this work.

a) Str. Cornesti nr. 68/A, 4300 Tirgu Mures, Romania
[1 1. Csige and S. Csegzi, Radiation Measurements
34(1-6) (2001) 437-440.



5.4 The origin of water in the vicinity of Pispdkszilagy RWTDS

M. Molnar, Zs. Szantd, I. Futé L. Palcsu, E. Svingor

The Plspokszilagy Radioactive Waste Treat-
ment and Disposal Site (RWTDS) is located about
30 km NE of Budapest on the top of a hill be-
tween Némedi and Szilagyi streams, near two vil-
lages, Puspokszilagy and Kisnémedi (Fig. 1).

Figure 1. The location of Plispokszilagy RWTDS

Within the framework of the safety assessment
program for the Plspokszilagy site, water quality
and stable isotope investigations were carried out.
The aim of this investigation was to get informa-
tion about the origin of water, the mixing of water
bodies and the influence of recharge.

There was a large range in the ages calculated
from the 14C content of the waters. On the Némedi
side of the hill (steep slope, I. in Fig. 1, the ground-
water appears to be old, while on the top and on the
Szil4gyi side of the hill (gentle slope, Il. in Fig. 1,
young virtual ages are dominant. The question is
that this difference reflects different origins or dif-
ferent mixing rates of the two water bodies.

Correlations can be seen between the radiocar-
bon content, water chemistry, stable isotope and
tritium data. The water in wells with low 14C
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concentration contains large amount of sulphate,
HCO3, Mg, and their conductivity is high. The
negative 84S values of the sulphate in these wells
can be explained by their old age as well. These
wells are on the Némedi side of the hill (region I.).
The wells on the top and on the Szilagyi side of the
hill are characterized by higher 14C concentrations,
smaller amounts of sulphate, HCO3, Mg, low con-
ductivity and positive &1S values. The differences
suggest different origins for the two water bodies.

The calculated 14C ages of water in region 1. are
more than 8000 years. The averages of the mea-
sured tritium concentrations in these wells are 1-
2 TU. This is too high for such old waters there-
fore we can not exclude the presence of a small
amount of modern water. This means that the
closed-system condition has not been fulfilled, and
the calculated ‘ages’ can be interpreted as an upper
limit (youngest value) for the water age.

The ‘age’ of the water in several wells on the
Némedi side of the hill near the ridge (region I11.) is
about 5500 years, the water chemistry data show a
transition from the old water body to the younger
one. The tritium content was constant and less
than 1 TU. This water likely comes from a mix-
ture of the old and young water and the recharge
is probably very limited.

The water level in the wells on the top of the
hill (around the repository) is very deep: 20 - 26
m below the surface. The water in these wells has
low conductivity and their tritium content varies
in a wide range. Some of these wells contain little
water and have long refilling time. In these wells,
the radiocarbon concentration was large more than
80 pMC. A possible explanation may be the follow-
ing: During the construction of the facility, a large
amount of fresh precipitation might have infiltrated
to the deep soil. Taking into consideration the poor
hydraulic conductivity and the low porosity of the
bedrock, we can expect restricted mixing and di-
lution. As a result, the infiltrated water remained
under the repository.



5.5 Excess tritium in observation wells around PlUspdkszilagy RWTDS

L. Palcsu, Zs. Szantd

Tritium activity of water samples taken
from the streams and observation wells around
Puspokszilagy Radioactive Waste Treatment and
Disposal Site (RWTDS) was measured quaternary
during the period of July 1999 - December 2000.
In most of the wells the tritium concentration in
the water was less than 2 TU (TU= tritium unit,
which is defined as 1tritium atom per 1018atoms of
hydrogen, which corresponds to 0.118 Bg/1 water).
In wells with water level 3-5 m below the surface,
the tritium concentrations were changed between
3-6 TU. Taking into account that the average of
tritium concentration measured in the streams was
7-8 TU, the amount of tritium measured in these
wells was typical of shallow groundwaters. All of
the wells discussed above showed only small fluc-
tuations in their tritium concentration during the
measurement period.

In 4 wells the tritium concentration exceeded
the tritium activity of present-day surface waters.
The water in three of them showed only a small tri-
tium. excess and a small fluctuation in its tritium
content could be observed during the monitoring
period.

We compared our findings to the average of
the tritium content of the wells measured by VI-
TUKI in 1991-1993 [1]. The first columns in Fig. 1
show the values measured by VTTUKI. The second
columns show the tritium content of the wells ex-
pected in 2000, calculated from the tritium decay
without additional (external) tritium and accepted
the values measured by VITUKI as initial activi-
ties. The last columns represent the average of the
tritium content measured in 1999-2000.

The small tritium excesses in wells Psz-29 and
Psz-69 may be of atmospheric origin (shallow water
level, the tritium concentration less than in surface
water). Excess tritium can be observed in wells C,
Psz-54, Psz-11 and Psz-63.
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Figure 2. Comparison of the tritium concentra-
tion measured in 1990-1993, values calculated for
2000 and values measured in 2000

The highest tritium activity, 2400 TU (cc. 280
Bg/l) was detected in C dug well at the top of
the hill. During the sampling period a continuous
growing of tritium activity could be observed in it
with a maximum in December 2000. The tritium
content of the water in this well was measured every
second week in 2001 (Fig. 2). The tritium content
decreased at a level of 50 Bg/1 by September then
it remained constant. This amount of tritium is
cc. ten times more than it was in this well in 1999
and 50 times more than the tritium content of the
surface water (streams) near the repository.

Figure 2. Tritium content of the water in C well
measured in 1999-2001

[ VITUKI, 1993. Puspokszilagyi RHFT Kutatasi
Program. lzotophidroldgiai Vizsgalatok



5.6 Modeling of the groundwater movement at Pluspokszilagy RWTDS

E. Svingor, Zs. Szantd, M. Molnér, L. Palcsu, I. Futd

The Puspokszilagy Radioactive Waste Treat-
ment and Disposal Site (RWTDS) has been in use
since 1976 and it was intended to serve labs, indus-
try and hospitals but as there is no disposal site for
the Paks NPP its L/ILW has also gone to this site.
The RWTDS of Plspdkszilagy has got an interim
operational licence, on condition that a safety as-
sessment has to be completed.

For the safety assessment it is essential to de-
termine the main pathways by which radionuclides
from the facility may migrate to the environment.
The groundwater pathway is one of the most impor-
tant routes. In a complex system, it is not always
possible to identify all of the routes by which ra-
dionuclides might be transported in groundwater
from the facility to the surface. Hydrogeological
modelling can help to identify these paths, usually
applying a pathline approach in which particles are
released from the facility and tracked through the
model.

A hydrogeological model was constructed by
MODFLOW, a finite-difference groundwater flow
and transport code. The constructed model con-
sists of 3 main layers: top soil, Pleistocene sandy-
clayey layer, Oligocene clay. The surface of the lay-
ers was constructed from borehole logs. The Pleis-
tocene layer was divided into 3 sublayers on the
basis of geophysical measurements. The hydraulic
conductivity changes within the layers, sand and
gravel lensed as well as clay lenses were inserted on
the basis of borehole logs.

Constant head boundaries were defined at the
northern and southern part of the modelled area.
The Szilagyi and Némedi streams form the eastern
and western boundaries.

The detailed description of the model can be
found in [1]. The near-site relief map of the repos-
itory can be seenin [ in Fig. L

50

The key features of the groundwater flow field
at the site by the calibrated model are the follow-

ing:
* In the vicinity of the repository, the ground-

water divide is not in the centre of the ridge,
it is displaced towards the Némedi side (re-

gion I1l. in [2]).
» The water table on the Némedi side (region
I. and Ill. in [2]) is generally located in the

Oligocene layer.

» The water table on the Szilagyi side and the
top of the ridge (region Il. in [2]) is located in
the upper and middle Pleistocene sublayers.

» Clayey rocks dominate along the ridge, al-
most continuous sand and gravel should be
supposed along the hill side toward the
Szilagyi stream (abandoned stream bed).

» The recharge is only 2-7% of the mean yearly
precipitation.

» The streams have strong influence on the wa-
ter level.

» The majority of the groundwater flows to-
ward the Szil4gyi stream in the upper and
middle Pleistocene sublayers. The travel
time is about 300 years in this direction.
There is a very limited discharge to the
Némedi stream in the Oligocene layer with
a travel time of several thousand years.

* No discharge was found in the small valley
between the site and Plspokszilagy village.

[] A Plspokszilagyi Radioaktiv Hulladék Feldol-
goz0 és Tarold biztonsagi elemzéséhez sziikséges
vizsgalatok elvégzése. No.  P400V-4-06/99
Foldtani kutatasi zarojelentés, IV. kotet, 12. fe-
jezet: Vizmozgas, ill. triciumtranszport mod-
ellezések. ATOMKI, 2001.

[2] M. Molnar et al., in this issue



5.7 lIsotopic analysis of Hungarian thermal waters

Zs. Szanto, E. Svingor, I. Fut6, L. Palcsu, M. Molnér

As a result of the agreement between the Min-
istry of Environmental Protection (KOM) and The
Geological Institute of Hungary (MAFI) the Labo-
ratory of Environmental Studies (KAL) was invited
to take part in an extended survey of the present
condition of Hungarian groundwaters with special
emphasis on baseline condition of thermal waters.

The main goal of the two-years project was the
estimation of the environmental impact of contam-
inated water originating from hydrocarbon mining
activity on groundwater from specially designated
areas. The main task of the work was a qualita-
tive and quantitative analysis of micro and macro
components present in the thermal water.

The Laboratory of Environmental Studies per-
formed stable isotope analysis, tritium and noble
gas measurements. Stable isotope ratios (<TQ 4190,
d15N, 84S, BI3C) were measured by a mass spec-
trometer developed in the Institute. Low-level tri-
tium concentrations were measured using the 3H-
3He method, He, Ne, Ar, Kr and Xe concentra-
tions were determined using VG 5400 noble gas
mass spectrometer. In some cases a qualitative
and quantitative analysis of the gas components
was made a Balzers Omnistar type quadruple spec-
trometer in order to detect and interpret the differ-
ent processes that occurred during the formation of
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thermal waters.

Even if these measurements cannot directly
prove the presence or absence of artificially in-
troduced components into the water body (com-
ponents like methanol or glycol), but they could
give us a hint about the mechanisms governing the
water-rock interactions and might explain the dif-
ferences observed between the content of the ther-
mal waters situated in different regions of the coun-
try.

In most of the cases correlation between tem-
perature and depth versus stable isotope ratio and
tritium content was found and results were in ac-
cordance with the theoretical calculation.

In some cases isotope fractionation processes,
bacterial sulphate reduction or surface water infil-
tration was detected.

The results of the work have been summarized
[1] and constitute the main part of a complex hy-
drological database of the surveyed areas. The
compilation will be distributed on CD during the
next year and will represent a valuable tool for the
scientists dealing with hydrological and hydrogeo-
logical modelling.

[1] Termalvizek izotépanalitikai vizsgalata, Kutatasi
jelentés, Szerz6désszm: 27266005, (2001) 20.



5.8 22%6Ra in bottled mineral waters of Hungary

E. Baradacsa\ Z Dezs6a\ |. Hunyadi

More than two third of Hungary’ territory
hide huge amount of high temperature artesian and
karstic waters in the depth. This phenomenon is
a result of two favourable geological component
jointly present in the Carpathian Basin. One is
that in the Triassic period some thousand metres
thick carbonate deposit (successive layers of lime-
stone and dolomite) was formed in the region. In
the subsequent periods of the historical geology the
earlier deposit karstified, was covered by layers of
clay, marl, sand and sandstone, and due to tectonic
movements overthrust, lateral displacements, uplift
and subsidence of huge carbonate blocks occurred.
The other favourable component is the anomalous
geothermal gradient of Hungary, which is 15-18
m/°C (50-70 °C/km). This is extremely high even
by international comparison, the continental aver-
age is 33 m/°C (30 °C/km). The higher water
temperature causes a greater quantity of mineral
matter to be dissolved, with the result that waters
with high levels of minerals and mineral salts are
particularly beneficial for health.

Hungarian thermal waters have been used on a
large scale for bathing, drinking and medical pur-
poses since centuries, while the consumption of bot-
tled mineral waters is steeply increasing recently.
Today, there are nearly 80 wells and springs pro-
ducing certified natural mineral waters in Hungary,
and the water of 21 ofthese is bottled commercially.

In this work 26Ra content of some commer-
cially available bottled mineral waters, originat-
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ing from different regions of Hungary, was stud-
ied by etched track detector method developed in
the Radon Group of the Institute of Nuclear Re-
search [1] and by destructive gamma-spectrometric
method developed in the University of Debrecen by
Z. Dezs6.

The majority ofthe studied bottled mineral wa-
ters have moderate 226Ra activity concentration, as
can be seen in Table 1 (next page). According to
the aquifers the radium content of the studied wa-
ters can be arranged roughly in two groups. It can
be seen that mineral waters, which arise from Tri-
assic dolomite and limestone, have higher radium
content than those waters, which originate from
Upper Pannonian sediment. The highest value ex-
ceeded 2 kBg m~3 in the case of the Apenta min-
eral water, which is a popular brand in Hungary,
as well as in Europe and North America. The Ger-
man owned company which bottle and sell Apenta
has lately introduced a radium removal process to
avoid consumers from increased health risk due to
consumption of this water. The comparison of the
applied methods showed good agreement for 226Ra
determination in mineral waters.

Acknowledgements This work was supported by
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Table 1. 2%6Ra activity concentration [Bgm 3] of Hungarian bottled mineral waters by different analytical
methods

Brand name Aquifer 26Ra by 226Ra by
SSNTD gamma

Bonaqua - 5+2 -
Szentkiralyi asvanyviz Upper Pannonian 7+2 13
Aqua, Spring water of Matra Mtn - 8+2 -
Mineralis 305 - 8+2 -
Paradi Asvanyviz Upper Pannonian Upper Oligocene 10+2 27
Pannon Aqua Upper Pannonian 1242 13
Borsodi &svanyviz - 19+3 -
Balfi Asvanyviz Miocene, Badenian stage limestone - 85
Theodora Quelle Lower Triassic, Limestone 64+7 . 77
Obudai Gyémant Upper Triassic, Limestone [l 110
Visegradi Asvéanyviz Upper Triassic Dolomite 186+18 204
Margitszigeti Kristalyviz Upper Eocene Limestone 451+42 518
Gellérthegyi Kristalyviz Upper Triassic, Dolomite 1135104 704
Apenta
sparkling 28651264 2780
still Upper Triassic 2770
gently carbonated clastic dolomite 29110268 2890
tonic - 2450
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6.1 Reduction of [nC]Jcarbon dioxide to [nC]Jolefin over zeolite catalyst by hydro-

genation

E. Sarkadi-Pribéczki, Z. Kovécs

The zeolites are effective catalysts for par-
tial oxidation of hydocarbons in the pres-
ence of oxidants and even for reduction of
carbon dioxide in the presence of reducant.
In our earlier experiments Fe/ZSM-5 zeolite
was used for partial oxidation of [n CJmethane
to [lUC]methanol [1]. Currently Fe/ZSM-
5 zeolite catalyst is applied for reduction
of [n C]carbon dioxide by H2 reducant to
[I-n Clethene. The method is known only for
14C-labelled or inactive compounds [2]. In
this work no-carrier added 11C-labelled car-
bon compounds were used therefore it was not
necessary to correct the radiochemical yield
of products for natural carbon impurities and
the radio-method sensitive was enough to de-
tect already few millimoles of carbon com-
pounds. The [I-11C]ethene product may serve
as new and useful precursor for synthesis of
PET-radiopharmaceuticals but until now the
[1- 1CJethene was produced only by long chem-
ical processes [3]. We suggest here a simple
catalysis method to form [I-11C]ethene using
zeolite and H2 reducant.

The Fe/ZSM-5 zeolite was prepared [4] and
conditioned in a stainless steel tube before
the radioactive experiment. The [n C]carbon
dioxide was produced in N2 gas target con-
taining 1% O2 by 14N (p,a)n C reaction. The
[n C]carbon dioxide was effectively trapped on
the catalyst and the catalyst was flushed and
fed by H2 gas. The catalyst tube was closed
and heated to 250-280 °C and kept for 10 min.

Fe/ZSM-5 zeolite

T[S0 & —— » [1-1IC]CH2CH2
250-280 °C
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After reaction the radio-gas products were
analysed by radio-gas chromatography (Molec-
ular Sieve 5A column, TCD- and scintilla-
tion detector). In virtue of first experiments
[I-n Clethene (EOB radiochemical yield 20-
40%) and unchanged n C02 were detected.
The radiochemical yields of reactions at dif-
ferent temperatures of the iron-zeolite catalyst
were as follow: [l-u Clethene was not detected
at 190 °C, 20% was measured at 250 °C and
40% at 280 °C.

In summary the radiochemical yield mainly
depends on the condition- and regenera-
tion ways of iron-zeolite catalyst. Our aim
is to optimize the parameters of experi-
ments for higher radiochemical yield and also
to determine further radiochemical interme-
diere ([n C]methanol, [I-n C]dimethylether or
[n Clethane and others) by other analysis
method what may form at lower temperature
(200-150-100 °C), analogously to inactive ex-
periments known.

This work was financially supported by
the Hungarian Scientific Research Fund No.
T031764. Fe/ZSM-5 zeolite was prepared by
Applied Chemistry Department of Szeged Uni-
versity, Hungary.
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7.1 Activities at the Van de Graaff Accelerator Laboratory

L. Bartha and E. Somorjai

During 2001 the beam time of the VdG-1 Table 1. Time distribution among different re-
machine amounted to 126 hours. The accelera- search activities at VdG-5
tor delivered proton (46.8 %) and helium (53.2
%) beam used for low energy atomic physics

experiments. Field Hours %

The 5 MV Van de Graaff machine was op- Atomic physics 281 21.3
erating for 1321 hours during this period. Pro- Nuclear astrophysics 114 8.6
ton (53.0 %), D+(31.0 %) and He+ (16.0 %) Analytical studies 490 37.1
particles were accelerated. Analyses on the microprobe 401 304

The beam time was distributed among dif- Machine tests 35 26
ferent research subjects as it is shown in Ta- Total 1321 100
ble 1.
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7.2 Status Report on the Cyclotron

Z. Kormany

The operation of the cyclotron in 2001 was
again concentrated to the usual 9 months;
January, July and August were reserved for
maintenance and holidays. The overall work-
ing time of the accelerator was 4300 hours,
the breakdown periods amounted to 66 hours
last year. The cyclotron was available for
users during 3751 hours, the effectively used
beam-on-target time is summarized in Table
1 The total time required for machine setup
and beam tuning or spent waiting for the start
of an irradiation was 272 hours.

The control of the adjustable collimators
applied in the beam transport system of the
cyclotron was renewed during the winter main-
tenance period. They have been connected to
the programmable logic controllers (PLC) and
their new control code frees the operators from
the long and slow manual setting process. The

successful renewal of the control of this and
other subsystems (cyclotron and beam trans-
port power supplies) made lots of adjusting
and measuring elements on the original con-
trol desk needless. To provide more space for
the control PCs and remove all unnecessary de-
vices, the unused part of the control desk has
been dismantled.

The short beam line used mainly for radia-
tion hardness studies was equipped with a new
oil-diffusion vacuum system during the sum-
mer maintenance. Its components are also con-
nected to the PLC and the same automatic
control has been provided like for the other
vacuum stands of- the beam transport system.
Another short beam line - basically a mirror
image of the first one - has also been installed
and successfully tested by trial irradiations.

Table 1. Distribution of the irradiation (beam-on-target) time

Projects

Nuclear spectroscopy
Nuclear astrophysics
Radiation hardness
Nuclear data
Neutron physics
Isotope production
Total
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Beam time (hours) %

138 7
923 51
147 8
29 2

13 1
553 31
1803 100



7.3 3D Proton Beam Micromachining

I. Rajta, F. Watta\ A.A. Bettiolad J.A. van KanQ)

The miniaturisation of machines, sensors
and actuators etc. and the integration of
these micromechanical components with elec-
tronic devices (microelectromechanical sys-
tems - MEMS), is considered to be a new high-
technology growth area of enormous potential.
The demand for microstructures and MEMS
is expected to grow similarly to what we have
witnessed in IC production over the last few
decades [1].

The majority of sub-micron machining pro-
cedures involve two types of interaction: elec-
tromagnetic radiation (e.g. optical, UV or X-
ray photons) or charged particles (electrons,
low energy heavy ions, high energy light ions).
In general electromagnetic radiation based mi-
cromachining procedures require masks. In
mask processes a selective pattern of radiation
is transmitted through a structured mask on
to a resist material, which is chemically devel-
oped subsequently thus produces microstruc-
tures. The use of a mask has significant advan-
tages in mass production, masks usually con-
tain multiple repeat patterns, and they can be
re-used over many irradiations.

The use of a mask with charged particles is
not so convenient, since in general greater en-
ergy is deposited in the mask during exposure.
This can cause mask instabilities (heat expan-
sion, stress and damage). The use of charged
particle techniques for micromachining there-
fore is essentially imited to direct write pro-
cesses, where a focused charged particle beam
is scanned over a material in a specific pattern
to produce microstructures.

Focused high energy ion beam microma-
chining is the newest of the micromachin-
ing techniques. The others include e.g. op-
tical lithography, X-ray lithography (LIGA),
UV lithography, E-beam writing, focused ion
beam milling and laser beam micromachin-
ing. There are about 50 scanning proton mi-
croprobe facilities worldwide, but so far only
few of them showed activity in this promising
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field [e.9. 2, 3]. High energy light ions have a
well defined penetration in matter with small
lateral spread (except at the end of range).
High energy ion beam micromachining using a
direct-write scanning MeV ion beam is there-
fore capable of producing 3D microstructures
and components with well defined lateral and
depth geometry (e.g. Fig. 1). The achievable
aspect ratios are as high as 100 [4], with po-
tential lateral resolutions down to 100 nm and
below, representing the current state-of-the-art
performance for 2 MeV protons.

Figure 1. The Atomki logo made by Proton Beam
Micromachining, using the PBM facility at the Na-
tional University of Singapore. The structure is
made in 30 pm thick SU-8 (beamsize: 0.5 pm, scan
size: 400 pm, 1024 pixels).

The technique has high potential in the
manufacture of 3D molds, stamps, and masks
for LIGA, and also in the rapid prototyping
of microcomponents either for research pur-
poses (e.g. fluid flow properties in microchan-
nels, friction properties, wear characteristics of
moving parts, inertial properties of cantilevers,
bio-activity of micro implants, etc.) or for com-
ponents testing prior to batch production.

Preparatory work introducing PBM has
begun in our laboratory.

a) Research Centre for Nuclear Microscopy, Dept, of
Physics, National University of Singapore, Sin-
gapore 119260
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7.4 Application for the excitation of medium energy (up to 10 keV) photoelectron
and Auger lines used in the study of surface analytical applications*

J. Toth, Gy. Molnara\ D. Varga, I. Csemy, L. Kovér, J. Kiss, I. Gal, A. Nagy, A. Domonyi,
Zs. Kertész, J. Mosolyg6, G. Tarr, G. Pethda\ I. Szab6al Y. Ould-Metidjibh B. Gruzzah
L. Bideuxh V. Matolinch A. Sulyokand M. Menyharda

A combination of specially designed XPS-
XAES sources for the excitation of Auger lines
of the few keV energy range is presented, in-
cluding the main parameters of the home made
X-ray tubes.

A home-made XPS-XAES-REELS instru-
ment [1], based on an electron spectrometer
with energy range of 10-10000 eV and high
energy resolution by fixed retardation ratio k
(k=Efejn/EpC® of 2-100, has been used for
studying of different materials: semiconduc-
tors [2], [3]; 3d elements and their alloys [4];
conducting polymers [5], [6], [7]; inorganic
compounds; etc. The instrument is equipped
with the mentioned X-ray sources with exci-
tation photons of 1253-8048 eV energy and
bremsstrahlung up to 25-30 keV.

Parameters of the “Henke type” XPS-
XAES X-ray sources: Anode materials: Mg,
Al, W, Cu, Mo, Ag. Anode voltage: 15 kV
for Al, Mg; 25 kV for Cu, Mo, Ag, W; (max:
30 kV).Emission current: 10-20 mA; (max: 32
mA); Cooling water: deionised, closed loop,
1.2 1/min. Vacuum: better than 1.5 times 10-9
mbar in the measurement chamber of ESA-31
HSA based electron spectrometer [1]. Mount-
ing flange: UHV CF 40.

XAES: A) Si KLL DETECTION WITH
HIGH SENSITIVITY: An example of the high
sensitivity detection of silicon by the help of
Mo excited Si KLL Auger line was published
(ECASIA-91 Budapest) [1]. The X-ray ex-
citation source is one of the key parts' of
the above rtientioned hemispherical analyzer
based, high energy resolution electron spec-
trometer equipped with a specially designed
input electron lens system [1]. B) STUDY OF
RADIATIVE AUGER EFFECT: Recently the
direct Auger lines originating from the XAES
spectra were compared with high resolution X-
ray spectra to study the radiative Auger effect
(see Ref. 8 and References therein).
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XPS: STUDIES OF THE NATURAL
LINE WIDTH OF ATOMIC INNER SHELLS
BY PAX (Photo-electrons from Absorption of
X-rays) METHOD: By the help of the XPS
X-ray excitation sources of the ESA-31 instru-
ment [1] the PAX method was also used to
study the natural line widths of atomic inner
shells [9], [10], [11].

XPS AND XAES: DETERMINATION
OF IMFP (Inelastic Mean Free Path) OF
PHOTO- AND AUGER ELECTRONS AND
LAYER THICKNESS OF THIN LAYERS

The ESA-31 electron spectrometer, with
different methods of XPS-XAES-REELS, is an
important tool in the “experimental” determi-
nation of IMFP of electrons by EPES method
[12], [14]. In the IMFP studies, the speci-
men in-depth compositional homogeneity can
be tested by different excitation energy X-rays.
The high energy resolution quantitative EPES
(QEPES:[See Ref 13 and References therein])
was used in the determination of IMFP (vs.
energy of the primary electron beam) of Ill-
V type compound semiconductors [2], [3] and
synthetic metal (conductive polymer) films [5],
61 (7.

The energy calibration method by the help
of the relatively high energy X-ray excited pho-
toelectron lines (Ekinetic ~ 7 keV) [15] is also
mentioned.

GaN specimens, generated from GaAs
(100) by a new type of a radio frequency
plasma source developed by Matolin, were
characterized by MgK a excited XPS, AES and
EELS [16].

Sensitive detection of CuKa excited Si Is
line, below from 10-20 nm thick layers, and
determination of the layer thicknesses of 10-40
nm thick 3d metals from the high energy XPS
and XAES spectra by QUASES method (de-
veloped by Tougaard) [17] is also presented.



*NOTE: the paper was presented at the 9th
Eur. Conf. on Appls. of Surface and Interface
Anal. (ECASIA’OL) 30 Sep-5 Oct, 2001 Avi-
gnon, France. Book of Abstr. pp 293. TU-P-
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7.5 Modeling and calibration of a double-crystal spectrometer for absolute x-ray

wavelength measurements

Cs. Szabd, E. Takacsab\ Z. Berényi, J. D. Gillaspyd L. Hudsonb®

Highly charged ions generated in the Elec-
tron Beam lon Trap (EBIT) of the National
Institute of Standards and Technology (NI$T)
emit most of their radiation in the x-ray region.
High-resolution wavelength measurements us-
ing crystal spectrometers require tedious cal-
ibration work. To provide quick, and abso-
lute x-ray wavelengths we have implemented
a method that uses two reflecting crystal sur-
faces. We developed a Ge double crystal spec-
trometer that uses a CCD camera as a detec-
tor.

Figure 1. Setup of the crystal spectrometer

The spectrometer consists of a monolithic
Ge crystal with two parallel surfaces. From the
source x-rays of the wavelength J1are incident
with a certain angle 0 on each of the crystal
plates are reflected when 0 fulfills the Bragg
equation (ignoring finer corrections):

A= 2dsin0. (D)

The detector face (CCD) is perpendicular to
the direction of the reflected x-rays. On the
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CCD camera we get a double spectrum of the
source each reflected from one of the crystal
plates. The crystal planes are in a distance of
L — 10 mm from each other. The unknown
wavelength J1 can be evaluated from the shift
of the two corresponding images. If the sepa-
ration is A, then from the geometry:

A
cos© = — | and (2

Z1j

x=2F W -

With the precise knowledge of L the shift (A)
between each of the peaks of the two spectra
reflected by the two crystal plates will define
the absolute wavelength.

As a first step of our design we modeled the
Ge double-crystal step. The geometrical mod-
eling procedure allowed us to select the final
dimensions of the Ge crystal. The crystal was
precision cut and analyzed at NIST. For in-situ
calibrations we developed a calibration source
built onto the EBIT port opposite to the spec-
trometer. The calibration was performed with
the Ka and KR lines of 5 different metals. The
analysis of the spectra is on the way, and it will
provide wavelength measurement capabilities
for highly charged ion spectra.
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7.6 Off-line production of 7Be radioactive ion beam

L. Gialanellaate\ U. Greife®, N. De Cesarece\ A. D’Onofriodel\ M. Romanoc,\
L. Campajolace\ A. Fomnicolaal Zs. Fulop, Gy. Gyurky, G. Imbrianice\ C. Lubrittode\
A. Ordinece\ V. Rocace\ D.Rogallaa\ C.Rolfsa\ M.Russoc\ C. Sabbaresede\ E. Somorjali,

F. Striedera\ F. Terraside\ H.P. Trautvetter

The production of intense 7Be radioactive
ion beam (T1/2=53d) is presently absorbing
considerable efforts in several laboratories [1].
Due to the long half-life, 7Be ion beam can be
produced either in an on-line mode (ISOL) or
an off-line mode. We report here on the off-line
mode, where 7Be formation was carried out at
the cyclotron in ATOMKI, Debrecen, the ra-
diochemistry at the Isotop-Labor of the Ruhr-
Universitdt Bochum, and the 7Be acceleration
at the TTT3 tandem in Naples.

The 7Be nuclides were formed via the
7Li(p,n)7Be reaction at Ep=11.4MeV, with
Ip=20 pA. In the activation process a metal-
lic 7Li disk was fixed in a copper holder. The
absence of oxygen allowed a more efficient 7Be
production due to the higher areal density of Li
for a given energy loss in the target. Moreover,
the beam power could be dissipated in a much
larger volume by direct water cooling on the
bottom of the holder and by He-gas-flow cool-
ing on the upper surface of the Li target sepa-
rated by a thin foil-window from the vacuum-
system. Usually, the Li disks were activated in
two weeks using a pneumatically operated au-
tomatic irradiation chamber, and the resulting
average 7Be activity reached 20 GBq.

In order to extract the 7Be nuclides from
the Li matrix we adopted and improved the
procedure of Kavanagh [2]. The irradiated Li
targets of the order of 1g mass with an average
activity of 5GBq each, corresponding to 0.4 mg
of 7Be, were processed at the Isotop-Labor of
the Ruhr-Universitt Bochum.

Several cathode geometries have been
tested with stable Be and with low activity
cathodes. The adopted geometry was of an in-
verted triangular shape, matching the sputter-
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ing geometrical profile of the ion source. The
cavity surfaces were coated with a chemically
deposited silver layer to reduce the 7Be diffu-
sion into the copper bulk of the cathode during
the operation in the accelerator source. The
cathodes were used in Naples to produce an 8
MeV 7Be ion beam: the sputter source deliv-
ered a 23 keV 7BeO_ beam that was injected
in the tandem accelerator and accelerated to a
terminal voltage of 2.414 MV. The interaction
with the carbon stripper foil, 5pg/cm2 thick,
in the terminal of the accelerator broke the
7BeO_ molecular ions and produced 7Be pos-
itive ion beam in all its possible charge states.
The 3+ charge state, 7Be3+, was selected in or-
der to reach the desired energy of 8.0 MeV. To
suppress the accompanying 7Li3+ beam, due
to the presence of some residual lithium in the
cathodes (sputtered as 7LiO_), a post stripper
carbon foil, 10/tg/cm2 thick, was used before
the analysing magnet, to form the 4+ charge
state of 7Be.

The 7Be beam production is now routinely
used several times per year. In view of the
continuing need of 7Be ion beam, the automa-
tization of most of the steps during extraction
is in progress. The automated procedure will
allow a reduction (down to zero) of the doses
received by the operators and will open the
possibility to increase the number of prepara-
tions per year.
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7.7 Spectral Artefacts with a Si-pin Photodiode X-Ray Detector:

I. The Low Energy Case
G. Kalinka, T. Papp

In the last decade X-ray detectors based
on thermoelectrically cooled, small sized Si-
pin photodiodes have become very popular
(see e.g. [[2]). These diodes have low leakage
current and moderate capacitance, are cheap
and reliable and are suitable to build input
stages with <200 eV energy resolution. We
have carried out detailed investigations of a
Hamamatsu S1223 photodiode (oxide-p+-n-n+
structure, 7 mm2x0.2 mm) with X- and 7- rays
of various energy (1.5-60 keV) and degree of
collimation. Artefacts in the spectra, namely
low energy side shoulder peaks of different
nature and origin have been observed both
at lower (up to «10 keV) and higher (from
«10 keV) energies. The low energy artefact
is insensitive to lateral position on the detec-
tor surface, however the background can be
significantly reduced by collimation, enhanc-
ing the effect investigated. A MnK spectrum
taken with 1 mm diameter collimation at 140
V bias is shown here for illustration, a de-
notes true MnKa photopeak, a’ the shoulder
one, while Ea: and Ecr the corresponding es-
cape peaks. The intensity ratio of Eo/a is
0.4 % as expected, while that of Ea’/a’ is
«2.4 %« 3ik/ 2, which is a strong indication
of surface origin. A systematic investigation
from 15 to 11 keV revealed that the rela-
tive energy displacement of the shoulder peak
a’ relative to a is 7 % and is largely inde-
pendent of bias voltage, while from the a'/a
relative intensity ratios the affected surface
layer thickness is « 0.3 pm, i.e. on the or-
der of front p+-region thickness. The reduced
charge (electron) collection in this subsurface
region, a problem here for low energy X-rays,
has long been an obstacle for the construction
of high efficiency UV-photodiodes using oxide-
p+-n-n+ structure [3]. Thermal oxidation to
create antireflective oxide, although reduces
surface recombination, brings about a delete-
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rious boron redistribution [4]. This, and the
positive oxide charge both create adverse elec-
tric fields which enhance Auger recombination
in the p+-region and steer minority carriers to
the oxide-Si interface where they recombine.
A remedy to overcome this problem is either
to use o-n+-p-p+ structure [5], where the ox-
idation has favourable effect on near surface
electric field distribution or to apply proper
oxidation/oxide deposition technology [6] in
order to reduce surface recombination velocity
rather drastically.

X-ray energy (eV)

[1] http://www.amptek.com

[2] A.C. Huber et al., Nucl. Instr. and Meth. B99
(1995) 665.

[3] J. Geist et al., J. Appl. Phys. 52 (1981) 4879.

[4 R. Korde and J. Geist, Solid State Electron. 30
(1987) 89.

[6] G. Thungstrom et al, Nucl.
A460 (2001) 165.

Instr. and Meth.



7.8 Spectral Artefacts with a Si-pin Photodiode X-Ray Detector:

Il. The High Energy Case
G. Kalinka, T. Papp, G. Hegyesi

The Hamamatsu S1223 Si pin photodiode
used as an X-ray detector has shown another
type of artefact satellite peak structure for
higher (>10 keV) energies as well, dissimilar in
nature and origin to those typically observed at
low energies and discussed in the previous ar-
ticle [1]. This is illustrated in the figure below
for two different bias voltages at 20 ps peaking
time.

As deduced from C-V measurement, this
diode is expected to be fully depleted at « 220
V, but since breakdown voltage is sa 150 V,
the detector is only always partially depleted.
Using photons of various energy, front and rear
side irradiation, sideways scanning with a mi-
crobeam and varying the bias voltage, it has
been established that the true photopeak is
related with depleted region events, while the
satellite peak at the low energy side with unde-
pleted region events, much the like the peaks
observed in e.g. HP Ge detectors [2].

An additional pulse shape analysis has re-
vealed that such undepleted region events pro-
duce detector current signals with long (max;.
30 ps) exponential tails. Therefore the ampli-
tude loss of the satellite peak is a virtual one,
caused by ballistic deficit effect. Between the
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satellite and the true peaks there is a contin-
uum (hardly noticable in this figure) related to
split events, since due to the finite photo- and
Auger-electron ranges there is a finite prob-
ability of simultaneous energy deposition in
two (or more) adjacent regions of the whole
vacuum-oxide-p+-depleted n-undepleted n-n+-
vacuum structure to be considered in this re-
spect.

The narrowly distributed exponentially de-
caying detector signals from purely undepleted
region energy deposition can be explained with
the model described in [3], assuming that the
rear n-n+ junction behaves as a perfect mir-
ror for holes. In this case the detector cur-
rent risetime, though depends on the depth of
photon interaction, at any degree of depletion
is (much) shorter than the decay time deter-
mined by the (depletion region capacitance x
undepleted region series resistance) product.

[1] G. Kalinka and T. Papp, in this Annual Report,
p.62.

[2] R.D. Baertsch, IEEE Trans. Nuci. Sci. NS-20,
No.l (1973) 488.

[3] G.G. Pavlov and J.A. Nousek, Nucl.
Meth. A428 (1999) 348.
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7.9 Scintillation Detectors with Multilayer Polimer Mirror Reflector Based on

Giant Birefringent Optics

G. Kalinka, J.N. Scheurera\ G. Hegyesi, B.M. Nyako, J. Gal

Photons created by incident radiation in
scintillation detectors suffer multiple reflection
and refraction before reaching photodetector.
To increase light collection, therefore reflec-
tors surrounding the optical system are nec-
essary, which are efficient in a wide range
of wavelength, incidence angle and polariza-
tion. These requirements are best met by using
finely dispersed systems, as e.g. MgO, THO2,
teflon tape, etc., exhibiting >95 % reflectivity.
Metallic mirrors, though being robust, possess
somewhat lower reflectivity.

Multilayer interference mirrors based on
optically isotropic dielectric materials can have
much higher value (> 99 %), but only for a nar-
row range of the above parameters. This lim-
itation comes primarily from the fact that re-
flection at a material’s interface for p-polarized
light vanishes for a specific (Brewster’s) an-
gle. This can be overcome by using anisotropic
(birefringent) polymers, for which Brewster’s
angle can be anywhere between 0-90°, or even
imaginary. This enables the design of interfer-
ence mirrors with unprecedented performance
if birefringence is on the order of the change
of the in-plane refractive index between ad-
jacent polymeric layers (giant birefringent op-
tics, GBO) [1].

Multibounce reflections, as e.g. in scintil-
lation detectors, require broadband mirrors,
which can be constructed by a stack of bire-
fringent polymer films, whose refractive index
in the direction perpendicular to their plane is
matched. Such a mirror, with > 98 % reflec-
tivity in the visible, the VM2000 film [2] was
used to upgrade the performance of the DIA-
MANT charged particle detector system [J3]
built up from CsI(TI) scintillators coupled to
Si-pin photodiodes. Retaining the previously
used aluminized Mylar (AIMy) front reflector
foil and the very efficient thin white underpaint
layer [4,5], the outer teflon tape wrapping has
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been changed for this GBO mirror film.

The evolution of the performance for 5.5
MeV o-particles in different stages of the com-
pletion is shown below. Light collection effi-
ciency for the completed charged particle de-
tector can reach 75 %, and by replacing the
front reflector as well (enabling 7-detection
only), 80 % is achievable.

a) CENBG, Université de Bordeaux, F-33175 Gradig-
nan Cédex, France

[1] M.F. Weber et al., Science 287 (2000) 2451.

[2] http://www.3M.com/lightmanagement

[3] J.N. Scheurer, Int. Conf. Future of Nuclear Spec-
troscopy, Aghia Pelagia, Crete, World Scientific
(1993), p.371

[4 G. Kalinka et al., Atomki Ann. Rep. 1994, (1995)
81

[6] G. Kalinka et al., Atomki Ann. Rep. 1996, (1997)
75.



7.10
ECR ion source

S. Bin, A. Valek, L. Kenéz, A. Janossy®)

Endohedral fullerenes (where an alien atom
is placed into the centre of the Goo> C70 and
other carbon balls) have been in the focus of
interest for the last 5-6 years. If this alien
atom is nitrogen then one can produce N@C6o
hybrid giant molecules. The neutral nitrogen
atom is a sensitive probe to explore its environ-
ment by electron-spin-resonance (ESR) spec-
troscopy, thus N@C6o can inform us on molec-
ular distortions, molecular motions in internal
fields and it monitors exohedral chemical ad-
dition reactions.

We report our results on study of normal
and endohedral fullerene plasmas and beams
produced by the 14.5 GHz Electron Cyclotron
Resonance (ECR) lon Source of ATOMKI. A
mixed plasma of mainly N, N2, and Cso was
produced in the plasma chamber using a home-
made low-temperature oven. Then a beam was
extracted from the plasma at U=700 V ex-
traction voltage (Fig.l). The plasma consists
mostly of Cg0 and Cg” with certain NZ and a
smaller quantity of water. Left from the large
Cgo peak smaller C"8, Cig, C*,... down to
Gj2 peaks appear together with similar struc-
tures at the left of Gr&+ and Qy0G-+. Between
n=30 and n=60 (n: number of the C atoms
in the molecule) only even-numbered fullerenes
are observed. The left side of the spectrum
is the base plasma (C+, N+, 0+, H20+, N2
etc.). Between the base plasma and the QQ++
peak many C~+ cluster peaks are observable,
where n=2...15 and Q—Z1 or 2. It is easy to
tune the ECR ion source for optimal 1+, 2+,
3+ etc. production (Fig.l represents a tuning
for 1+). The highest beam intensities obtained
and recorded in our laboratory in 2001 are: 410
nA of CgQ, 245 nA of C*G+ and 105 nA of CgGr+.
These numbers exceed all values we found in
the published literature and prove the suitabil-
ity of ECR source to produce high intensity
fullerene beams [1].

It became quickly clear that the method
developed to obtain high intensity G+ beams
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Production of multiply charged fullerene and carbon cluster beams by the

is suitable to produce carbon cluster beams,
as well. We obtained easily several tens of nA
of C$+ beams (n=2...15, Q=1...2) sometimes
more than 100 nA.

Figure 1. Typical fullerene spectrum at U=700 V
extraction voltage

The main goal of the experiment was to
produce high intensity of N@C6o beams and
so high gquantity of N@C60 bulk material. The
mass of N@Cgo is 734 and is quite close to
C6e0 (720), NCH (722) and C& (744). The
resolution of our bending magnet is not high
enough to fully separate these heavy ions.
Nevertheless, we successfully deposited macro-
scopic quantities of solid solution of N@C6o
and C6o mixture within the ECR ion source.
The N@Cf,0/C60 ratio measured off-line us-
ing electron-spin-resonance spectroscopy was
higher than typical values using conventional,
non-ECR techniques [1].

The research proved the ECR ion source is
able to deliver high intensity single and mul-
ticharged fullerene, endohedral fullerene and
large carbon cluster plasmas and beams. The
method is suitable to produce bulk quantities
of endohedral fullerenes.

a) Tech. Univ. of Budapest, Dept. Exp. Phys., H-
1521 Budapest, PO Box 91, Hungary

[1 S. Biri, A. Valek, L. Kenéz, A. Janossy, A. Kita-
gawa, Production of multiply charged fullerene
and carbon cluster beams by a 145 GHz ECR
ion source. 9th Int. Conf. lon Sources (ICISO01).
Oakland, USA, Sept. 3-7, 2001. Accepted for
publication in the Rev. Sei. Instr. 73(2) (2002
February).



7.11
plasma

L. Kenéz, S. Bin, J. Karacsonyi, A. Valek

Electron Cyclotron Resonance (ECR) plas-
mas have already been studied in many
ways, mainly by x-ray and UV measurements.
Langmuir-probes, however, have proven use-
ful for other kind of plasmas, and have rarely
been used to explore the ECR plasma. A di-
agnostics setup has been built at the 14.5 GHz
ATOMKI-ECRIS. Results of the cold plasma
region measurements are shown.

Theory. A new formula for the electron
density was deduced [1], which includes the
multi-component multiply charged nature of
the plasma.

» Single-Component Singly Charged ap-
proximation (SCSCh) (1) where, ne is
the electron density, M the ion mass, A
the normal area of the probe with respect
to the magnetic field lines, e the elemen-
tary charge, Kk the Boltzmann constant, |
the charge state; the saturation ion cur-
rent and Te the parallel electron temper-
ature, determined from the mean square
fit of the characteristics; the mean strip-
ping of the beam and ?j the percentage
composition of the beam, determined ex-
perimentally from the beam spectra.

e Multi-Component Multiply Charged ap-
proximation (MCMCh) (2) , where K de-
notes the plasma components.

Experiment. Two series of probe on-axis
characteristics measurements were carried out
in Ar plasma when the biased-disc was On and
Off, respectively [2].

Data evaluation. Electron densities were
calculated using Eg. (1) and Eqg. (2).

Discussion. Variation of the electron den-
sities is presented in Fig.l.

* The electron density increases as the
probe approaches to the ECR zone (Dj80
mm).e

* The mean charges of the plasma ion
component in the Disc On/Off cases
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Langmuir-probe data analysis including the complex nature of the ECR

were 4.23 and 2.9, respectively, which
shows that the charge state distribution
changed substantially. However the dif-
ferences between the electron density val-
ues calculated using the Disc On/Off
series are below the error limit. This
means that the cold plasma regions are
not affected by electron injection into the
plasma.

Distance between the probe and the Bninplane
ofthe ECRIS, D (mm)

Figure 1. Electron density. Ar8+ optimized

» Differences between the electron den-
sities calculated using the multiply
charged and singly charged approxima-
tions are substantial.

Other experiments [1] have shown that as
the mean charge of the ion component of the
plasma is getting higher the difference between
the original simple probe theories and our ap-
proximation is getting higher either. This is
reasonable because higher optimized charge
state means higher average stripping of the
plasma.

The presented results show the necessary
consideration of the MCMCh approximation
when ECR electron densities are calculated.

a) Babes-Bolyai University RO-3400, Cluj-Napoca,
Str. M Kogalniceanu Nr. 1, Romania

[1] L. Kenéz, S. et at, Nucl. Instr. and Meth. 187(2)
(2002) 249.

[1] L. Kenéz, et al., Accepted for publication in Rev.
Sei. Instr. 73(2) (2002)
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