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Preface

In 2003 there appeared lots of interesting results and hopes for the future of Atomki.

We managed to improve the instrumentation of our laboratories. The radiofrequency unit of the
cyclotron has been replaced successfully, and the new unit now seems to promise many years of stable
operation ahead. The Tandetron-based accelerator mass spectrometer (AMS), which was received from
Oxford at the end of 2002, is being installed. The work is going on slowly, but that is a blessing in
disguise since the delay is caused by other fruitful activities. The installation work is being done by the
personnel of the electrostatic accelerators, and they are very busy with operating on the old Van de
Graaff accelerator. The demand for the Van de Graaff has enormously increased mainly because of two
national and two European projects that are going on there. We still hope that the installation will
be completed by the end of 2004, but that will be the subject of another Annual Report. Atomki and
the Department of Solid State Physics of the University of Debrecen have jointly won a secondary-ion
mass spectrometer (SIMS), which can also be operated so as to produce secondary neutral atoms
(SNMS mode of operation). It will be installed in Atomki and will be a very useful tool for surface
physics research.

Last year was a year of books. At the beginning of the year the large book Structure and Reactions
of Light Exotic Nuclei by Y. Suzuki, myself, K. Yabana and K. Varga appeared at Taylor & Francis,
London. At the very end of the year the huge five-volume Handbook of Nuclear Chemistry, ed. by
A. Vértes, S. Nagy and Z. Klencsar (Kluwer Academic, Dordrecht etc.) appeared, with a number of
contributions by Atomki members (by T. Fényes, by D. Horvéath, by J. Csikai and R. Ddczi, by E.
Koltay, A. Z Kiss and others and by S. Biri, E. Koltay and A. Valek), and with my participation
as editor of Volume |. Towards the end of the year, we managed to publish the highly successful
popular nuclear physics book by Ray Mackintosh, Jim Al-Khalili, Bjorn Jonson and Teresa Pena:
Nucleus. A Trip into the Heart of Matter. It appeared in Hungarian at Akadémiai Kiadd, Budapest.
The cause of this book was pushed ahead by some Atomki members, acquiring the support of the
Ministry of Education, translating (Z. Géacsi and A. Simon) and revising the text, in which even my
language-minded son was involved. The book was presented to the public by Ray Mackintosh in a
large book-shop of Budapest, and it induced acclaim in the press.

To herald the appearance of this book, the subject of the Physics Days, the local ‘public feast’ of
physics, was nuclear physics. All but one of the public lectures were on nuclei (‘The Look of Nuclei’
by myself, ‘The Oldest Nuclei’ by I. Lovas, Debrecen University, ‘Stars and Nuclei’ by E. Somorjai,
Atomki, and ‘Molten Nuclei’ by P. Lévai, Budapest). The single extra subject was a talk to teachers:
‘How to Do Demonstration Experiments?’ by K. Héartlein (Budapest). Another success in popularizing
physics is the Hungarian version of the exhibition entitled Radioactivity: a Facet of Nature, which we
adopted a year earlier, but was now shown at Edtvos University, Budapest, and at a local school at
the town of Baja.

We had two scientific meetings in Atomki: a National Meeting of Speleologists, 7-9 November,
organized by Z. Dezs6 and other members of the Department of Environmental Physics, and an
Austrian-Hungarian Workshop on Charged-Particle Transport through Nanostructures and Solids,
14-16 November, organized by K. T6kési. (Note the fine distinction between Austro-Hungarian and
Austrian-Hungarian!) At the scientific sessions adjoining the May Assembly of the Hungarian Academy
of Sciences we had two talks: Recent Results of Perturbative Quantum Field Theory by Z. Trocsanyi
and ‘Debrecenbe kéne menni’. Participation in CERN CMS. (‘Debrecenbe kéne menni’ is the title
of a folksong: ‘One should go to Debrecen’.) There was another session of the Academy of Sciences
with our participation: in November we commemorated the late Honorary Member of the Academy,
Edward Teller, who had died in September. On this occasion talks were given by A. Krasznahorkay
and J. Csikai, on the Investigation of Collective Nuclear Excitations Following Teller and on Teller’
Home-coming to Hungary, respectively.

To give the local ‘Honours List’, | should first mention that Borbala Gyarmati, Professor Emeritus
Instituti, was decorated with the E6tvos Wreath’, which is the highest award of the Academy to
be given to non-members. Prof. Zoltan Trécsanyi won the Award of the Academy for his results in



the application of perturbative quantum chromodynamics. (I announced this, wrongly, in the Annual
Report on 2002. It seems | can either read the future or | wrote the preface to the previous Annual
Report very late.) The Szalay Prize of the Institute for basic research was awarded to Dr. Gabor
Kalinka. He is a great asset of this Institute: he knows everything about scintillators and semiconductor
detectors. He is able to make excellent detectors because he really understands how they work. In this
way, he has contributed not only to applied solid-state physics but also to basic atomic and nuclear
physics, and his role is also essential for our international projects on nuclear physics. Finally, Dr.
Attila Csik was awarded the Ferenczi Prize for his studies of diffusion in multilayers. This prize is
dedicated to young researchers of semiconductors in Hungary. It should also be mentioned that Dr.
Géza Lévai has been made DSc based on his work on the symmetries of basic quantum mechanical
potential problems.

After years of preparations, in 2003 Hungary became a member of the Nuclear Physics European
Collaboration Committee (NUPECC). The country is represented by our Atomki colleague, Dr. A.
Krasznahorkay.

Last autumn the performance of the institutes of the Academy of Sciences was reviewed. The
interim conclusion on Atomki is very positive. At present, however, we are more interested in current
results. | have singled out three things rather arbitrarily.

Prof. D. Horvéth, who is affiliated primarily to the Research Institute for Particle and Nuclear
Physics, Budapest, has been working on antiprotonic atoms with his Debrecen student, B. Juhész
for a few years. They take part in the ASACUSA project at CERN, which is mainly a Japanese
endeavour, with a significant contribution of the two Hungarians. The major feat of ASACUSA has
been a precise determination of the antiproton mass and charge, which are used in the most precise
validation of CPT symmetry (i.e., invariance of the laws of nature under the joint effect of charge
conjugation, space reflection and time reversal transformations). Juhé&sz’s own contribution is most
significant in exploring the effects, on the lifetime of antiprotonic helium atoms, of hydrogen and
deuterium molecules mixed into the helium target gas, in which the antiprotonic helium is produced.

There is a small team of Atomki physicists (S. Ricz, A. Kévér and others) regularly visiting the
Max-11 synchrotron (Lund) and making photo-ionization measurements in cooperation with colleagues
from the University of Oulu. Their observations have caused a bit of a surprise to atomic physicists.
The conventional idea assumes photo-ionization to be a primarily dipole process, but their high-
resolution measurements of the angular distribution of electrons knocked out by <1 keV linearly
polarized photons shows that that is far from being the case. Quadrupole and possibly also higher-
order contributions are significant, and photo-ionization produces a hierarchy of broad structures of
particle-hole excitations, similar in essence to the giant multipole resonances of nuclei.

A Debrecen team (M. Hunyadi, A. Krasznahorkay and others) are taking part in giant resonance
studies at KVI, Groningen. Their most significant recent result has been an identification of an isoscalar
dipole resonance with low background. It was excited by (a, a') scattering, and the background was
greatly reduced by the observation of the nucleonic decay of the resonance. While isovector dipole
states are most common, isoscalar dipole states are most exotic. An isoscalar dipole oscillation in-
volves an oscillation of the centre of mass of the nucleus, which is only possible as a higher-harmonic
compressional vibration of the matter of the nucleus. Thus the position of an isoscalar dipole mode
depends on the incompressibility of nuclear matter, so that the latter can be determined from the
former.

For the sake of completeness, one should mention that, from 1st March, 2003, the Section of
Electrostatic Accelerators is headed by Dr. Zsolt Fulép. Moreover, on 1st August, 2003, the Section
of Nuclear Spectroscopy assumed a new name, the Section of Experimental Nuclear Physics.

The financial and personnel conditions in 2003 are given in the pie charts to follow this Preface.

This Report, prepared in DTAX, is available on the web at www.atomki.hu in PDF format.

Debrecen, 6 April 2004

Rezs6 G. Lovas
Director



Organizational structure of ATOMKI
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Data on ATOMKI

At present the Institute employs 198 persons. The affiliation of personnel to units of organization
and the composition of personnel are given below.
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Figure 1. Affiliation of personnel to units of organization
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Figure 2. Composition of personnel



Finance

The total budget of the Institute for the year 2003 was 1160 million Hungarian Forints. The
composition of the budget and the share of personnel expenditure within the budget are shown below.

Project
(from Contract Research)

Figure 3. Composition of the budget of the Institute
MTA: Hungarian Academy of Sciences

OTKA: National Fund for Scientific Research
OM: Ministry of Education

Figure 4. Breakdown of expenditure into personnel and non-personnel expenditures
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1.1 VT symmetry beyond the shape-invariant potential class

G. Lévai, P. Roya), A. Sinha6)

The concept of VT symmetry, ie. the
invariance under simultaneous space (V) and
time (T) reflection appeared in quantum me-
chanics just a few years ago [1]. Potentials ad-
mitting this symmetry are complex, but they
have the unusual property that their energy
eigenvalues can be real. It was also found that
tuning some potential parameters the real en-
ergy eigenvalues can merge pairwise and re-
emerge as complex conjugate pairs, and this
phenomenon can be interpreted as the sponta-
neous breakdown of VT symmetry.

Although the first PT-symmetric poten-
tials were found in numerical studies [1],
the PT-symmetric versions of the most well-
known real potentials were also constructed
soon. It was found that except for the Morse
and Coulomb potentials the members of the
shape-invariant potential class can be gener-
ated in a straightforward way by applying an
imaginary coordinate shift x — x + ie and
by setting some potential parameters to real
or imaginary values [2]. The PT-symmetric
shape-invariant potentials defined this way ex-
hibit a number of unusual features: i) They
have two sets of normalizable solutions, and
their states having the same principal quan-
tum number n can be distinguished by the
quasi-parity quantum number ¢g. The extra
states ultimately appear due to the less strict
boundary conditions, as the imaginary coordi-
nate shift cancels the singularities at x = 0,
for example, ii) The spontaneous breakdown
of PT symmetry sets in at the same potential
parameter for all the levels, in) Due to the
two sets of normalizable solutions, these poten-
tials have two supersymmetric partners (dis-
tinguished by @), and these are PT-symmetric
as long as the original potential also has this
property. However, when the PT-symmetry
of the original potential is spontaneously bro-
ken, its supersymmetric partners have mani-
festly broken PT-symmetry.

It is natural to raise the question whether
the features outlined above characterize exclu-

sively shape-invariant potentials, or they are
shared by further potentials beyond this class.
For this we analyzed the PT-symmetric ver-
sion of the generalized Ginocchio potential [3]

v{ , _ 7T4[AA- 1)coth2u + 72- 1- s(s + 1)]
T + smh n

374(72-1)(372-1)
4(72+ sinh2u)2

576(72-1)2

4(72+ sinh2u)3 ”’

1
which belongs to the more general Natafn3
zon potential class, and contains the (shape-
invariant) generalized Pdschl-Teller potential
as a special case (with 7 = 1). This potential
depends on the u(r) function, which is defined
implicitly by the

du _ 72coshu
dr (72 + sinh2u) %

differential equation. In spite of its implict def-
inition, the r —>x + ie imaginary coordinate
shift can be applied to u{r) too, and one finds
that the u(x) function modified in this sense
is PT-odd, i.e. VTu{x) — —u{x), and this
helps to identify the transformation properties
of the potential and its solutions. Our study
showed that the PT-symmetric generalized
Ginocchio potential shares all the features of
PT-symmetric shape-invariant potentials gen-
erated by an imaginary coordinate shift. These
features seem to be valid in an even broader
range, since they hold for a particular super-
symmetric partner of the harmonic oscillator,
found outside the the Natanzon class [4].

a) Indian Statistical Institute, Kolkata, India
b) Calcutta University, Kolkata, India

[1] C. M. Bender, S. Boettcher, Phys. Rev. Lett. 24
(1998) 5243.

[2] G. Lévai, M. Znojil, J. Phys. A 33 (2000) 7165;
Mod. Phys. Lett. A 16 (2001) 1973.

[3] G. Lévai, P. Roy, A. Sinha, J. Phys. A 36 (2003)
7611.

[4 A. Sinha, G. Lévali, P. Roy, Phys. Lett. A, in press.



2.1 Electron screening in d(d,p)t for deuterated metals: a systematic study

Zs. Filop, Gy. Gyirky, E. Somorjai for the LUNA collaboration

We continued our systematic study [1] on
the anomalous enhancement of electron screen-
ing potential (Ue) for the d(d,p)t reaction in
deuterated metals.

The 100 kV accelerator of the Dynamitron-
Tandem-Laboratorium at the Bochum Univer-
sity provided the deuteron beam with a 54 //A
current on target. A liquid-nitrogen-cooled Cu
tube extended to within 5¢cm of the target.
Four Si detectors were installed at an angle
B—130° relative to the beam axis at a 5cm
distance from the target and covered with a Ni
foil to stop the intense flux of elastically scat-
tered particles. The target together with the
chamber and the detector holders (including
the Ni foils) formed a Faraday cup for beam
integration. A negative voltage of 200V was
applied to the Cu tube for suppression of sec-
ondary electrons.

Each deuterated target was produced in
the following way: a fresh material ”M” (with
a purity of better than 99%) was in situ
cleaned by Kr sputtering at 35keV removing
about 200 monolayers. Then, the target was
bombarded with 10keV deuterons, whereby
the proton yield of d(d,p)t was recorded as
a function of implantation charge: the yield
reached a saturation level usually after a
charge of about 1C, i.e. a stoichiometry
M>D has been produced near the surface of
the target. The procedure was repeated at
Ed = 30keV. The deuteron distribution was
investigated subsequently via Elastic-Recoil-
Detection-Analysis (ERDA) and Rutherford-
Back-Scattering-Analysis (RBS). For most of
the materials the distribution was uniform
within 10% from the surface down to a depth
consistent with the range of the implanted
deuterons.

The observed enhanced cross section is

most likely due to electron effects of the envi-
ronment of the target deuterons. In one experi-
ment, we also used a deuterated Pt target and
a 3He ion beam in the reaction d(3He,p)4He
to study the associated electron screening ef-
fect. The result is Ue= 730+ 60eV showing
that such high Ue values do not depend on
the kind of ion species but are a feature of the
deuterated metals.

The results in relation to the periodic table
[2,3] indicate a common feature: where more
than one element of a given group of the pe-
riodic table has been studied so far, the corre-
sponding Ue values are either low (”gaseous”)
as for Ti, Zr, and Hf (group 4), Cu, Ag, and
Au (group 11), and B and Al (group 13), or
high such as for V, Nb, and Ta (group 5), Cr,
Mo, and W (group 6), Mn and Re (group 7),
Fe and Ru (group 8), Co, Rh, and Ir (group
9), Ni, Pd, and Pt (group 10), and Zn and Cd
(group 12). Group 14 is an apparent exception
to this feature: the metals Sn and Pb have a
high Ue value, while the semiconductors C, Si,
and Ge have a low Ue value indicating that
high Ue values are a feature of metals.

The indication is supported by other insu-
lators (B, BeO, AlI203) as well as by deuter-
ated metals M having an observed small stoi-
chiometric x value (MXD) of the order of one
or smaller and thus representing also insula-
tors (e.g. group 4 of the periodic table and the
lanthanides). In summary, a large screening
effect is observed in all metals except in the
noble metals Cu, Ag, and Au.

[1] F. Raiola et ai, Phys.Lett. B547 (2002) 193.
[2] F. Raiola et ai, Nuci. Phys. A719 (2003) 61.

[3] C. Bonomo et al, Nuci. Phys. A719 (2003) 37.



2.2 Absolute resonance strengths in the 67Li(a, 7)1011B reactions

Gy. Gyirky, Zs. Fulép, E. Somorjai, G. Kiss and C. Rolfs °)

The 12C(a, 7)160 reaction is one of the key
reactions of nuclear astrophysics [1]. For this
reason its cross section at the relevant low en-
ergies must be known with a precision of at
least 10%. The European Recoil Separator
for Nuclear Astrophysics (ERNA) project [
is in progress in Bochum, Germany to deter-
mine this cross section with a novel experimen-
tal technique: a 12C ion beam is guided into
a windowless 4He gas target and the 160 re-
coils are counted in a AE-E telescope placed
in the beam line at the end of the separa-
tor, which filters the intense 12C projectiles
from the 160 recoils. One of the most im-
portant separator characteristics is its accep-
tance in angle and energy. One way of de-
termining the acceptance experimentally is to
use nuclear reactions with well known absolute
cross sections, such as resonant a-capture re-
actions involving the 4He gas target of ERNA.
If a reaction with a chosen resonance en-
ergy has similar kinematics as 4He(12C,7)160 ,
the angular and energy spreads of the 160
recoils can be simulated.  This condition
is fulfilled by the narrow and strong reso-
nances at Ejgc.m. = 706 keV in 4He(6Li,7)10B
and ERCm. = 518keV in 4He(7Li,7)n B. How-
ever, the strength ujj of these resonances is
not known with sufficient precision, i.e. bet-
ter than 10%. Thus, in our present work we
remeasured both strengths.

The experiments were carried out at
the 5MV Van de Graaff accelerator of the
ATOMKI. The resonance strengths were mea-
sured using an a beam (5 - 10pA) on LiF
targets with natural isotopic abundance. The
resonance strengths were derived from the
yield of the most intense 7-radiations follow-
ing the a-capture. The 7-ray yield was ob-
served with a 40% High Purity Germanium
detector. At 7-energies below 4MeV (rele-

vant to 6Li(a, 7)10B), the absolute efficiency of
the detector was measured using calibrated ra-
dioactive sources, while at higher energies (rel-
evant to 7Li(a, 7)n B) resonant reactions emit-
ting cascade 7-rays were used to determine the
efficiency.

For both studied resonances we scanned
the resonance energy region in 1keV steps in
order to measure the resonance profile.

For the strength of the ERCm.= 706 keV
resonance in the 6Li(a,7)10B reaction we ob-
tained ary = 366 = 38 meV which is within
the uncertainty range of the adopted value
A Tadopted = 400+ 40meV [3]. Based on the
weighted average of the results of all avail-
able measurements we propose a new stan-
dard value ad7new= 387 + 27 meV which is con-
sistent with all measurements.

The obtained walue for the strength of the
Epgc.m. = 518 keV resonance in the 7Li(a, 7)n B
reaction is cjj =300 % 32 meV which is in
excellent agreement with the adopted value
w7adopted = 310 + 47 meV [4] based on a sin-
gle experiment. Averaging these two val-
ues we propose as a new standard value
NTrew = 304 £ 26 meV.

With the results from previous and present
work the precision of the strength of the two
resonances has become better than 10% allow-
ing for the ERNA project (and other recoil sep-
arators) to perform a reliable acceptance mea-
surement based on these resonant reactions.

a) Institut fir Physik mit lonenstrahlen, Ruhr-
Universitat Bochum, Bochum, Germany

[lj C.Rolfs and W.S. Rodney: Cauldrons in the Cos-
mos (University of Chicago Press, 1988)

[2] D. Rogalia et ai, Nuci. Instr. Meth. A 437 (1999)
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[3] F. Ajzenberg-Selove, Nuci. Phys. A 490, (1988) 1
[4] F. Ajzenberg-Selove, Nuci. Phys. A 506, (1990) 1



2.3 Astrophysical S-factor of 14N (p,7)IsO

Zs. Fiuop, Gy. Gyirky, E. Somorjai for the L UNA collaboration

The capture reaction 14N(p,7)150 is the
slowest process in the hydrogen burning CNO
cycle and thus of high astrophysical interest.
This reaction plays a role in setting the energy
production and neutrino spectrum of the sun
as well as in the age determination of glob-
ular clusters. The minimum energy explored
in overground laboratories is ~240keV, well
above the range of interest for the stellar CNO-
burning (20-80 keV). Therefore, the reaction
rate used in stellar model calculations is largely
extrapolated, in a region, where the resonant
structure of the 150 compound nucleus is par-
ticularly complex.

The astrophysical S(E)-factor at zero en-
ergy has contributions from the transitions to
the ground state in 150 and to the subthresh-
old state at Ecm=-504 keV. According to Ref.
[1] the ground state transition has an impor-
tant contribution from the subtreshold state,
while Ref. [2] having reanalyzed the experi-
mental data of [1] found only a negligible con-
tribution. In both cases the R-matrix formal-
ism was used for the fitting procedure.

The LUNA collaboration significantly im-
proved the low energy measurements of this
reaction rate, using the 400 kV underground
facility at Gran Sasso National Laboratory,
where cosmic background is strongly sup-
pressed by the mountain shielding and low in-
trinsic activity detectors are employed. The
target consisted of a TiN layer (with a typi-
cal thickness of 80 keV) reactively sputtered on
a 0.2mm thick Ta backing. The target qual-
ity was checked frequently at the E r = 259 keVV
resonance: no significant deterioration was ob-
served after a bombarding time of several days.
Also, the beam-induced background in differ-
ent target backing materials were studied in
details [3]. The explored energy window ranges
from 390keV down to 135keV, significantly
closer to the astrophysical relevant energy than

any previous experiment. Our experiments
also revealed the importance of the cascade
corrections in the absolute 7-efRciency deter-
mination in close geometry for the transitions
studied. The fit of the new data and the cor-
rected data of [1] by means of R-matrix model
is shown in Fig.l.

E [MeV]

Fig. 1.Astrophysical S(E)-factor curve for the
ground state transition in 14N(p, 7)150 . Filled-
in data points are the results from LUNA, while
the open data points are from previous work [1]
corrected for summing effects. The solid, dashed
and dotted lines correspond to the R-matrix fits for
radii a= 5.5fm, a= 6fm and a= 5fm, respectively.

Our result [4 supports that the
contribution of the subthreshold state
to the total S(E)-factor is negligible
above 100keV, and the deduced value is
Stot(0) = 1.7+ 0.1 (stat) + 0.2 (syst)keV-b.
An improved information on the total S(E)-
factor can be achieved possibly using a in-
summing crystal.  Such an experiment is
presently underway at the LUNA facility.

[1 U. Schroder et ai, Nuci. Phys. A467 (1987) 240.
[2] C. Angulo et ai, Nuci. Phys. A656 (1999) 3.
[3] F. Strieder et ai, Nuci. Phys. A718 (2003) 135.

[4 A. Formicola et ai, nucl-ex/0312015 (2003).



2.4 Proton inelastic scattering of 19C

Z. Elekesb*\ Zs. Dombrédi, R. Kanungob H. Babaa Zs. Filop, J. Gibelinck A. Horvathe\

E. Ideguchid\ Y. Ichikawad\ N. IlwasaH.

Ilwasakid\ S. Kannoa\ S. Kawaia\l Y. Kondoa\ T.

Motobayashibh M. Notanid\ T. Ohnishid\ A. Ozawab H. Sakuraid\ S. Shimourad\ T. Suzukia\ E.
Takeshitaal S. Takeuchib\ I. TanihataBb Y. Toganoal C. Wub Y. Yamaguchia\ Y. Yanagisawab\

A. Yoshidab K. Yoshidabl

19C is a good candidate for a one-neutron
halo nucleus. Several experiments tried to
map the structure of 19C by e.g., Coulomb dis-
sociation [1], parallel momentum distribution
[2], reaction cross section [3]. The results in-
dicate the halo structure; however, the con-
figuration of the unpaired neutron is still a
guestion. Information on excited levels may
help to further clarify the nuclear structure of
19C. We have studied the 19C(p,p’) reaction,
which is expected to excite possible low-lying
states. The experiment was carried out at
the RIKEN radioactive isotope separator RIPS
[4. A 2Ne primary beam of 100 pnA inten-
sity and 110 A-MeV energy hit a 9Be produc-
tion target of 0.8 cm thickness. After momen-
tum and mass analysis, the secondary cocktail
beam including 19C at 20% and 1/B at 25%
was transmitted to a liquid hydrogen target of
190 mg/cm2 average thickness [5].
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Figure 1 Doppler-corrected spectra of 7 rays emerg-
ing from 19C(p,p’)19C (upper panel) and 17B(p,p’)17B
(lower panel) reactions.

The incident nuclei could be fully separated
from each other by energy loss and time-of-
flight measurements. The beam focus was
monitored by two PPACs placed upstream of
the secondary target. The scattered isotopes
were identified using a silicon telescope con-
sisting of three layers with thicknesses of 0.5,
2.0 and 2.0 mm. The AE-E method was used
for the separation of the different carbon and
boron isotopes. 19C and 17B were well sepa-
rated from other products. The 158 Nal(TI)
scintillator detectors of the DALI2 array [6]
surrounded the target and detected the de-
exciting 7 rays. The threshold was set to 30
keV taking into account the Doppler effect.
Figure 1 shows the Doppler-corrected 7 ray
spectra for 19C and 17B nuclei. Some peaks, in-
cluding the ones reported earlier for 19C [7] and
17B [8], were observed. Further analysis and
assignment of these peaks is now in progress.

*) On leave from ATOMKI
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2.5 Excited states in 27F

Z. Elekesb*\ Zs. Dombradi, A. Saitoa\ N. Aoibh H. Babaal K. Demichia\ Zs. Fulép, J. Gibelinc\
T. Gomia\ H. Hasemamaa\ N. Imaidl M. Ishiharab H. Iwasakidi S. Kannoal S. Kawaia\ T.
Kishidab T. Kubobh K. Kuritaal Y.U. Matsuyamaal S. Michimasad\ T. Minemuralh T. Moto-
bayashib. M. Notanid\ T. Ohnishidv H.J. Ongd\ S. Otae\ A. Ozawalh H.K. Sakaia\ H. Sakuraid\
S. Shimourad\ E. Takeshitaa\ S. Takeuchibh M. Tamakid Y. Toganoal K. Yamadaa\ Y. Yanag-

isawabh K. Yonedab

20 is the last bound neutron-rich oxy-
gen nucleus, while, adding one more proton to
the oxygen isotopes, even 31F is still bound
[1. A sudden lowering of multiparticle mul-
tihole states can be an explanation for it [2].
As a consequnce, its traces must also be seen
in the lighter F isotopes. For example, al-
lowing for particle-hole excitations to the fp
shell, a bound excited state in 27F is expected.
Therefore, we studied the 27F(p,p’7) reaction
to look for possible bound excited states. A
94 A-MeV energy beam of 40Ar bombarded a
181Ta production target. The reaction prod-
ucts were momentum- and mass-analyzed by
the RIPS [3] fragment separator. The total
intesity was approximately 100 cps having an
average 27F intensity of 4 cps.

ET (keV)

Figure 1 Doppler-corrected spectra of 7 rays emerging
from 27F(p,p”)27F (upper panel), 27F(p,x)26F (middle
panel) and 27F(p,x)25F (lower panel) reactions.

The identification of incident beam species
was performed by energy loss, time-of-flight
and magnetic rigidity (Bp) [4]. A liquid hy-
drogen target [5] with average areal density
of 210 mg/cm2 served as a secondary target.
The incident particles were monitored by two
PPACs placed upstream of the target. The
scattered particles were detected and identi-
fied by a PPAC and a silicon telescope with
three layers of 0.5, 0.5 and 1 mm. The Z iden-
tification was performed by TOF-energy loss
method. Based on AE-E information, 27F nu-
clei were well separated from other products.
The new DALI2 setup [6] surrounded the tar-
get to detect de-exciting 7 rays. In the mid-
dle panel of Figure 1 a single peak at around
650 keV can be seen which was found in a re-
cent experiment at GANIL. The upper plot ob-
viously shows 3 peaks at around 450, 750 and
1200 keV. It is straightforward that the sum of
the first two peaks gives the energy of the third
peak. There is only one unambigous peak at
around 700 keV in the lower panel.
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2.6 Deformation of 76Sr from its /3-decay

E. N&chera\ B. Rubioa\ A. Algoraah J.L. Tainal M.J.G. Borgec\ D. Cano-Otta\ S. Courtind\
Ph. Dessagned D. Escrigcl L.M. Frailee\ W. GelletlyA. Jungclausct G. Le Scomete\ F.

Maréchaldy Ch. Miehed\ E. Poirierds O. Tengblad”

The neutron-deficient nuclei with A«70-80
are the heaviest nuclei one can study in which
protons and neutrons occupy the same orbitals
(N«Z). This region of the nuclear chart is
characterized by different shape effects such as
strong deformation in the ground state, shape
transitions and shape coexistence. These three
effects are exhibited by the light Sr isotopes,
which evolve from sphericity at N=50 to large
deformation (presumably prolate) at N=40.
The maximum deformation of the region cor-
responds to the N=Z nucleus 76Sr. The exper-
imental E(2+)=261 keV [1] for this nucleus in-
dicates, according to the Grodzin’s equation,
that it is strongly deformed with [/221> 0.4.
However, there is no experimental information
on the sign of 02 for 76Sr so far.

According to Refs. [2] and [3], one can
study the deformation (including the sign) of
the ground state of a particular nucleus by
measuring the B(GT) distribution of its 0
decay. The aim of our work was to measure the
/3-decay of 76Sr to obtain its B(GT) distribu-
tion with high accuracy to study the deforma-
tion of its ground state. With this aim a Total
Absorption Spectrometer “Lucrecia” was in-
stalled at ISOLDE. It consists of a large Nal

cylinder plus some ancillary detectors (left side
of Fig. 1). The 76Sr produced and separated
at ISOLDE was transported to the centre of
the crystal were the complete gamma cascades
following the /3-decay of 76Sr were measured.
The integrated B(GT) that we obtained af-
ter the analysis of the experimental data is
shown in the right side of Fig. 1. In the same
graph we include the plot of the theoretical
calculations for the oblate (/?2=-0.13) and the
prolate (/32=0.41) shapes of 76Sr taken from
Ref. [3]. From the figure we can conclude that
the ground state of 76Sr is strongly prolate in
agreement with the previous experimental in-
dication [1] and theoretical predictions [4].
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c) IEM, CSIC, Madrid

d) IReS, Strasbourg

e) ISOLDE-CERN, Geneva

f) Univ. of Surrey, Guildford

[1] C.J. Lister et al. Phys. Rev C42 (1990) R1191.
[2] 1. Harnamoto et al. Z. Phys. A353 (1995) 145.
[3] P. Sarriguren et al.Nuc. Phys. A691 (2001) 631.
[4] Petrovici et al. Nuc. Phys. A665 (2000) 333.

Figure 1 Left: experimental setup. Right: accumulated B(GT) distribution. The results from this work (squares) are
compared with the theoretical calculations of Ref. [3] (solid lines).



2.7 First identification of excited states in the Tz —1/2 nucleus 93Pd

D. Sohler, K. Lagergrena\ J. Blomqvista\ B. Cederwalla\ A. Johnson”, B. Hadiniaa\ L. Milechinaa\
J. Timéar, G. de Angelisb. P. Bednarczykbcd D. Curienc\ A. Gadeab J. Nyberge)

The neutron-deficient nuclei in the Ass80-
90 mass region with N, Z< 50 are expected to
exhibit a rich variety of features. These nuclei
are close to the proton drip line as well as to
the N=2Z line, and are situated near the dou-
bly magic nucleus 100Sn. The vicinity of the
N=Z line allows new correlations to emerge,
when the protons and neutrons occupy nearly
identical orbitals. In addition to the seniority
coupling scheme found in nuclei further from
the N=2Z line and in which protons and neu-
trons separately couple to spin 0 in the ground
state, the nuclei with Tz close to zero may ex-
hibit an aligned proton-neutron pairing, i.e.
the protons and neutrons form deuteron-like
pairs. When leaving the N=2Z line, the im-
portance of this effect is expected to decrease
rapidly. With N=2Z-(-1, 93Pd is predicted to
exhibit the qualities of a transitional nucleus
on the boundary between these two extremes.

Excited states in BPd were populated via
the reaction 40Ca(58Ni,cm) using a beam with
an energy of 205 MeV and with an intensity of
5 pnA from the Vivitron accelerator at IReS,
Strasbourg. The emitted 7-rays were detected
with help of the EUROBALL detector system,
at the time of the experiment consisting of
15 cluster type and 26 clover type composite
Ge detectors. Charged particles and neutrons
evaporating from the compound nuclei were
observed by the Euctides Si detector ball and
the Neutron Wall array, respectively.

From the 7-ray energy spectra created off-
line by requiring coincidences with different
combinations of detected charged particles and
neutrons several 7-rays were assigned to the
decay of the excited states in 93Pd for the
first time. On the basis of the measured 77-
coincidence relations and angular distribution
ratios a level scheme has been constructed up
to Ex~7.3 MeV and 7=(41/2+). The pro-
posed level scheme, shown in Figure 1, is in-
terpreted in relation to shell model calculations
performed in the restricted model space of g9/ 2,

Pis2 for proton and neutron holes. These calcu-
lations predict a coupling scheme with aligned
neutron-proton pairs to greatly influence the
level structure of N ~Z nuclei at low excitation
energies. The results are published in Ref. 1.

45/2+ 8033
(41/2%) 7290 41/2* 7225
1635
37/ 27_ 5655 37/2% 5634
654
(33/27 1/5001)
33/ 2 4873
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(29/2*) -3367 20/2% 3843
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| 23/2* 2953
(25/2%) ) 2875 25/2% 2772
(21/2%) 3f° 2525
(19/27367/2353 21/2* 2402
19/2% 2232
(17/2%)22s 2082
17/2/;___1923
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(13/27. 1097 13/2% 1004
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(9/27 9/2*%7/2% 4 0
93Pd Exp. M

Figure 1. The proposed level scheme of 93Pd pop-
ulated in the reaction 40Ca(58Ni,an). The results
of shell model calculations are included in the right
part of the figure.
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2.8 Chiral twin bands in the 106d°6Rh nuclei

J. Timér, D. Sohler, J. Molnar, A. Algora, Zs. Dombradi, A. Krasznahorkay, L. Zolnai, P. Joshia
D.G. Jenkinsa\ P.M. Raddonal A.J. Simonsal R. Wadsworthal A.R. Wilkinsonal K. Starostabc
D.B. Fossanct C. Vamanc\ E.S. Pauld G. Rainovskid\ J. Gizone\ A. Gizone\ P. Bednarczyk®,

D. Curien”, G. Duchene”, J.N. Scheurerd"

A unique feature of the rotation of triax-
ial nuclei is the possibility of uniform rotation
around an axis which is out of the three sym-
metry planes of the mean-field ellipsoid. This
is in contrast with the rotation of a rigid body.
For a triaxial nucleus the projections of the
angular momentum vector on the three princi-
pal axes of the mean-field ellipsoid can form a
left-handed or right-handed system. The two
possible linear combinations of these left and
right handed systems, which have the oppo-
site chirality, manifest themselves as a pair of
degenerate rotational bands [1]. Such chiral
twin bands were first observed in the A~130
region in the odd-odd nuclei [2]. Recently chi-
rality has been reported in an odd-mass nu-
cleus in the same mass region [3] and also in
an odd-odd nucleus in a new region of A~105
Rh isotopes[4], thus confirming the geometri-
cal interpretation and the universality of the
phenomenon.

In order to further explore the chirality in
the new A~105 mass region high-spin states in
105i06Rh were studied in an experiment using
the Euroball 7-ray array combined with the
DIAMANT charged-particle detector system,
which was developed in CENBG-ATOMKI col-
laboration. The high-spin states were pop-
ulated in the 96Zr(13C,pxn) reactions at two
beam energies: 51 MeV and 58 MeV. The tar-
get consisted of a stack of two metallic foils,
each of 560 /igm/cm2 enriched to 85% in 96Zr.
The events were recorded on magnetic tapes
and analysed off-line. To select the Rh chan-
nels in the analysis, only the 7-rays detected in
coincidence with one proton have been used.

The level schemes of the studied nuclei
were constructed based on triple-coincidence
relations between observed 7-rays, as well as
energy and intensity balances using the Rad-
ware analysis package [4]. The spins and par-
ities of the states were determined from DCO
and linear-polarization analysis. Chiral twin

bands have been found in both 105406Rh nuclei,
thereby establishing a new region of chirality
together with the known 104Rh case [5]. Fig-
ure 1shows the twin bands observed in 105Rh.
These data provide the first evidence for a chi-
ral structure in an odd-mass nucleus in this

mass region.
yrast band

Figure 1. Partial level scheme of 106Rh showing
the observed chiral twin (yrast and partner) bands
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2.9 Terminating bands in 123Cs
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Warddd H. Amrod W.C. Mad\ J. Timér, I. Ragnarssone)

The terminating bands can be grouped into
three categories on the basis of the energy cost
for the nucleus to achieve the last units of an-
gular momentum before termination. These
three types of the band termination are called
favoured, rigid rotation-like and unfavoured
termination, respectively when the energy cost
is smaller, equal or larger than that of a rigid
rotor reference. In the majority of the ex-
perimentally observed cases only one type is
found in a particular nucleus. Configuration
dependent Nilsson-Strutinsky cranking calcu-
lations (CNS) predict favoured band termina-
tions near spin 35/ and unfavoured band ter-
mination near 45h in 123Cs for different config-
urations.

High-spin states in 123Cs were populated
using 64N i(64Ni,p4n) reaction at a beam energy
of 265 MeV. The beam was provided by the 88-
Inch cyclotron at Lawrence Berkeley National
Laboratory. The 7 rays following the reaction
were detected by the Gammasphere spectrom-
eter. At the time of experiment the array was
equipped with 100 Compton-suppressed Ge de-
tectors. The 64Ni target was a foil of 0.476
mg/cm2 thickness enriched to 96.5%. The
data were written to tape in list mode with a
condition that at least six or more Compton-
suppressed Ge detectors and 15 or more ‘mod-
ules’ were in coincidence. A module is defined
as a unit consisting of a Ge detector together
with the BGO scintillators surrounding the Ge

10

crystal which act as antiCompton shield. Af-
ter presorting and setting prompt time gates
a total of 1.2 x 109 events with Ge-fold > 4
remained for further analysis.

A new level scheme of the nucleus has
been constructed using the coincidence rela-
tions with the help of the Radware analysis
package. The spins of the observed levels have
been derived from the measured DCO ratios.
New bands have been observed and the previ-
ously known bands extended to higher spins up
to spin 71/271. The observed bands agree well
with the CNS predictions. The good agree-
ment enabled us to assign configurations to the
bands at high spins. According to these assign-
ments we have found several favoured band ter-
minations in the spin ~35h region. Bands that
are predicted to terminate above spin 40h have
been also observed, however their termination
have not been reached in this experiment.
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2.10

Beta decay of 148Dy: confirmation of the Gamow-Teller resonance by means
of total absorption spectroscopy

A. Algoraahh E. Nacheral B. Rubioa D. Cano-Ottac\ J.L. Tainal A. Gadeaad J. Agramunta
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In heavy nuclei there are only a few regions
where the Gamow-Teller (GT) strength is ex-
pected to lie within the Qp window. Above
the particle stable N~Z nuclei these cases are
mainly limited to the nuclei where GT decay
involving the nh.iiz2  phg/2 or the 71992 —»
i/g7/2 transitions can occur inside the window.
In this work we present results of our study of
the /5-decay of 148Dy using the total absorp-
tion technique. The use of this technique can
be justified in this case not because of the large
Qec value of the decay, but because of possible
weak feeding and fragmentation of the feeding
that remained undetected in high resolution
studies [1]. In [1] the existence of a Gamow-
Teller excitation populated in the /3-decay was
shown experimentally at an excitation of 620
keV, but the question if there is /3-feeding at
higher excitation remained unanswered.

The 148Dy parent nucleus was produced
mainly through the 93Nb(58Ni,3p) fusion-
evaporation reaction. The 58Ni beam, acceler-
ated by the GSI-Unilac, had an energy of the
5.3 MeV/u. The recoiling nuclei were stopped
and ionized in either thermal or FEBIAD
ion sources, then extracted and separated in
the GSI On-line Mass Separator. The mass-
separated activity was deposited on a tape of
a transport system with a differential pump-
ing which allowed to transfer the radioactive
sources from the mass-separator vacuum to the
atmospheric pressure. The samples were col-
lected for 400 s, transported to the measuring
site (the GSI Total Absorption Spectrometer
[2]), where they remained for 400 s for mea-
surement until the next sample was collected.

Our results show that the large feeding (~
9 %) to the 620 keV state is precisely re-
produced by our measurement. An interest-
ing result is that states 4~ (109 keV), 2+ (178
keV), (3,4)" (195 keV), (2,3)- (658 keV), and
2~,(1)- (795 keV) observed in ref. [1] with
measurable feeding practically do not receive
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feeding according to our analysis. Similarly
states (2,3)+ (281 keV), and 2~,(1)- (951 keV)
also receive less direct feeding than observed
in [1]. In the range of 1540 keV to the Qec
we have detected a total feeding of 1.6 % to
be compared with the high resolution result
of 0.81 % assigned to the last three levels de-
tected in this experiment 1—0)- (1643 keV)
0.24 %, 1 (1828 keV) 0.05%, 1~,(0)- (1841
keV), 0.52%. Within the precision of the 40
keV binning of our analysis these states re-
ceive 0.52 %, 0.16 % and 0.35 % feeding re-
spectively. The remaining 0.6 % is assigned to
levels that exist in the 1380-1640, 1700-1780,
2020-2220 and 2460-2540 keV energy ranges of
excitation with /3-feeding intensities of 0.21%,
0.07 %, 0.26 %, and 0.008 % respectively.

Our new experimental results are in line
with the theoretical calculations of [3] since the
total strength within the Qec window does not
change much compared to [1]. More relevant
results of our study are the change in the dis-
tribution of the strength among the different
weakly populated levels when we compare our
feeding distribution with the one of Kleinheinz
et ai [1] and the confirmation of the existence
of weakly fed levels at higher excitation. This
result reflects the fact that the higher lying lev-
els do not mix strongly with the Gamow-Teller
giant state at 620 keV excitation.

a) IFIC,Valencia

b) MTA ATOMKI, Debrecen

¢) CIEMAT, Madrid

d) LNL, Legnaro

e) University of Warsaw, Warsaw

f) GSI, Darmstadt

g) NPI, St. Petersburg

[1] P. Kleinheinz et al., Phys.Rev.Lett. 55 (1985) 2664
[2] M. Karny et al., NIM B126 (1997) 411.

[3] J. Suhonen et al., Phys. Lett. B 202 (1988) 174
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Gamma-decay of the isobaric analog resonance in 208Bi

A. Krasznahorkay, A. Algora, M. Csatl6és, P. Dendoovenal Z. Gécsi, J. Gulyds, M.N. Harakehal M.

Hunyadi, Z. Maté and D. Sohler

Spin-isospin excitation modes in nuclei
such as the Isobaric Analog States (IAS), the
Gamow-Teller (GT), and spin-dipole (SD) ex-
citations have intensively been studied both
experimentally [1] and theoretically [2] in
a broad region of the nuclear landscape.
Study of their decay properties allows one to
check their microscopic (particle-hole) struc-
ture. Experimentally, the direct proton de-
cay of these states have been studied see eg.,
[3]. Another means to reveal their microscopic
structure is to study their electromagnetic de-
cay properties, which hase been stressed re-
cently [4].

In our previous work some 7-decay of the
IAS, GT and SD have been observed in 208Bi
[5]. The giant resonances were excited in
(3He,t) reactions at KVI Groningen with 177
MeV 3He beams, which produced high back-
ground in the 7-ray spectrometers constraining
the beam current. Although the statistics was
low we could identify eg. a 9 MeV gamma-
decay line from the IAS to a low lying (5.9
MeV) satellite of the GT resonance [6].

The aim of the present experiment was to
excite the IAS with low energy proton capture
on 207/Pb and observe their 7-decay in a cleaner
way. The experiment was carried out at
ATOMKI Debrecen. A proton beam of 11.62
MeV from the 103 cm isocronous cyclotron was
used to bombard the self-supporting metallic
20/Pb target with a thickness of 1.6 mg/cm2 in
order to excite the isobaric analog resonance.

The excitation function for the proton in-
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elastic scattering to the 0.569 MeV (5/2 )
state, which nicely shows the isobaric analog
resonance, was measured previously between
11.35 and 11.85 MeV in order to calibrate the
energy (analyzing magnet) of the accelerator.

The gamma-decay of the IAS was studied
with a 57 x 5” Nal(Tl) detector and three
Ge clover spectrometers equipped with BGO
anti Compton schields [7]. The data collec-
tion and monitoring have been performed with
a recently developed VME based multiparam-
eter data acquision system. About 100 mil-
lion gamma-gamma coincidence events were
recorded between the Nal(TIl) (IMeV < E7 <
30 MeV) and the clover detectors (0.1 MeV
< E7 < 20 MeV) in order to get information
for the branching ratio of the 9-MeV, direct
gamma decay line and for the gamma-decay of
the 5.9 MeV satellite GT resonance in 208Bi.
The analysis of the data is in progress.

a) KVI, Groningen, The Netherlands.

[1] M.N. Harakeh and A. van der Woude, Giant Res-
onances, Clarendon Press, Oxford (2001).

[2] T. Suzuki and H. Sagawa, Eur. Phys. J. A 9, 49
(2000).

[3] H. Akimune et al., Phys. Rev. C52, 604 (1995).

[4 H. Sagawa et ah, Phys. Rev. Lett. 75, 3629
(1995).

[5] A. Krasznahorkay et ah, KVI Ann. Rep., 2 (2001).

[6] A. Krasznahorkay et ah, Phys. Rev. C64, 067302
(2001).

[7] Z. Elekes et ah, Nucl. Instr. and Meth. in Phys.
Res. 503, 580 (2003).



2.12 Deformation-dependence of nuclear clusterization: 1. Light nuclei

J. Csehal A. Algoraa\ P.0. Hessh)

Recently much attention has been paid to
the super- and hyperdeformed states of nu-
clei, in general, and to their relation to cluster-
configurations, in particular. The U(3) selec-
tion rule [1] seems to be especially suitable for
the investigation of the allowed and forbidden
cluster-configurations. If the nuclear states in
question can be characterised by a single irre-
ducible representation of U(3), which is a rela-
tively good approximation for light nuclei (for
the ground state as well as for the super- and
hyperdeformed states), then this selection rule
is easy to apply. For medium and heavy nuclei,
however, the U(3) symmetry-breaking interac-
tions are very strong, therefore, they mix the
states of different U(3) symmetries. Neverthe-
less, even in this case an effective (or average,
or quasidynamical) U(3) symmetry may sur-
vive [2], and as a consequence a selection rule
can be formulated.

Based on the application of the (real or ef-
fective) U(3) selection rules we have investi-
gated the deformation-dependence of the al-
lowed cluster-configurations both in light and
in heavy nuclei. In particular, we have consid-
ered 36Ar, for which the superdeformed state
has recently been observed experimentally [3],
and a theoretical prediction exists for its hy-
perdeformed state, too [4]. The excitation
quanta of the states and their U(3) symme-
tries are shown in Table 1, while the result of
the U(3) selection rule is given in Table 2.

a) MTA ATOMKI, Debrecen
b) Inst, de Ciencias Nucleares, UNAM, Mexico
[1 J. Cseh, J. Phys. G19 (1993) L97.

[2] M. Jarrio et. al., Nuci. Phys. A528 (1991) 409;
P.O. Hess et. ah, Eur. Phys. J. Al5 (2002) 449.

[3] C.E. Svensson et. ah, Phys. Rev. Lett. 85 (2000)
2693

[4 W.D.M. Rae, A.C. Merchant, Phys. Lett. B279
(1992) 207.

Table 1. The U(3) quantum numbers of the
ground state, superdeformed state and hyperde-
formed state of the 36Ar nucleus.

State  hu [rai,n2,n3]
Ground 0 [20,20,12]
Superd. 4  [32,12,12]
Hyperd. 12  [48, 8, 8]

Table 2. The allowed and forbidden binary cluster
configurations (indicated by their mass-number)
of the ground, superdeformed and hyperdeformed
states of 36Ar. The clusters are supposed to be in
their ground states.

State  Allowed Forbidden

Ground 18+18
19+17
22+14
23+13

24+12
25+11

Superd. 18+18
19+17
22+14
23+13

24+12
25+11
26+10
27+9
28+8
29+7

Hyperd. 18+18

19+17

26+10

27+9
28+8
29+7
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Based on our earlier work on the exten-
tion of the SACM (Semimicroscopic Algebraic
Cluster Model) to heavy nuclei we have re-
cently studied the effect of the deformation on
the possible clusterizations of 232Th.

To look for structural effects in the fission
process of 232Th we have applied the U(3) se-
lection rule [1]. The U(3) effective representa-
tions, used to characterize the clusters and the
parent nucleus, were determined according to
the procedure outlined in [2].

One question of particular interest that can
be addressed in this framework is if the 100Zr
+ 132Sn clusterization is an allowed one. This
clusterization is'located at the maximum of the
mass distribution ofthe fission of 232Th. An-
other reason for studying this particular clus-
terization is that in [3 it was shown that the
structure of the third minimum in 232Th corre-
sponds to a bi-nuclear configuration involving
a spherical heavy fragment around 132Sn and
a well deformed lighter fragment around 100Zr.

In a first step we have studied if this clus-
terization is allowed assuming that the par-
ent nucleus and the clusters have ground state
deformations (232Th (32 ~ 0.2), 100Zr (/32 ~
0.36), 132Sn (/2 ~ 0.0)). The U(3) selection
rule shows that this clusterization is not al-
lowed. The studied clusterization remains for-
bidden even if we assume that 232Th is in a
hypothetical superdeformed (SD, 2 ~ 0.6) or
hyperdeformed (HD, 32 ~ 0.86) state, keeping
the clusters in their ground state deformations.

In a second step we have studied if the
100Zr + 132Sn clusterization is allowed when we
change the deformation of the clusters. Con-
sidering the high stability against deformation
of the double magic nucleus 132Sn, we have
changed the deformation of 100Zr. 100Zr can
be considered soft against deformation, and it
is located in a region of shape coexistence [4].

Deformation-dependence of nuclear clusterization: II.
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Heavy nuclei

The results are presented in Figure 1. As-
suming ground state deformation for 232Th,
the clusterization remains forbidden when we
change the deformation of 100Zr. A change oc-
curs when we assume that the 22Th in a SD
or in a HD state. In these cases the cluster-
izations are allowed when the 100Zr has large
oblate deformation.

1.0 - g-a*0 -a 0 ND 2Th
» SD2¥Th

0.8 a HD"hh

Reciprocal Forbidd —
'jb

08 06 04 02 olo 02 04 06 08
Deformation of 10°Zr

Figure 1. Reciprocal forbiddenness (S) of the clus-
terization of 232Th as a function of the 100Zr de-
formation. In this framework allowed clusteriza-
tions correspond to S=I, while forbidden ones cor-
respond to S=0. The figure shows our results for
different deformations of the 232Th parent state:
ND (22 ~ 0.2) circles, SD (B2 ~ 0.6) triangles,
and HD (%2 ~ 0.86) squares. The 132Sn cluster
is assumed to be in its ground state deformation
(B2 ~ 0.0). The results for the SD and HD 232Th
cases axe very similar.

a) MTA ATOMKI, Debrecen
b) Inst, de Ciendas Nucleares, UNAM, Mexico

[1 J. Cseh and W. Scheid, J. Phys. G 18 (1992) 1419;
J. Cseh, J. Phys. G 19 (1993) L97

[2] P.O. Hess et al., Eur. Phys. Journal A 15 (2002)
449,

[3] S. Cwiok et al., Phys. Lett. B 322 (1994) 304.

[4 G.A. Lalazissis and M.M. Sharma, Nucl. Phys. A
586 (1995) 201.
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rich light nuclei

Isospin decomposition of the wave function of 2+ states in selected neutron

Z. Elekesb*\ Zs. Dombréadi, A. Saitoa\ N. Aoib H. Babaal M. Csatlés, L. Csige, K. Demichial
N. Fukudab Zs. Filoép, Z. Gécsi, J. Gibelind T. Gomia J. Gulyas, H. Hasegawaal N. Imaid\
M. Ishiharabh N. lwasaH. Iwasakidh S. Kannoa\ S. Kawaia\ H. Kinugawaa\ T. Kishidab A.
Krasznahorkay, T. Kubob\ S. Kubonod\ K. Kuritaa\ M. Kurokawab X. Liud\ Y.U. Matsuyamaa\
S. Michimasad\ T. Minemurab T. Motobayashith M. Notanid\ T. Ohnishid\ H.J. Ongd\ S. Otae\
A. Ozawabh H.K. Sakaia\, H. Sakuraid\ S. Shimourad\ E. Takeshitaa\ S. Takeuchibh M. Tamakid\
i. Tanihatab P. Thirolf9\ Y. Toganoa\ K. Yamadaa Y. Yanagisawab K. Yonedab K. Yoshida

Recently, several groups reported anoma-
lies in the systematics of the B(E2) values in
134Te [1], 70Ni [Z] and 28Ne [3], i.e., the life-
time of the 2 states in several neutron rich
nuclei is much longer than expected. The nat-
ural explanation in most cases was the as-
sumption that the wave function of the crit-
ical 21 states is predominantly built up from
neutron excitations. Different probes are sen-
sitive to different extents to the excitations
of protons and neutrons. As a consequence,
from a comparison of transition probabilities
observed with different probes, conclusion can
be drawn on the role of proton and neutron
excitations in different states. For 28Ne and
34Mg, we studied the (p,p’7) reaction in in-
verse kinematics. Knowing the B(E2) values
from earlier experiments [3,4], the ratio of the
neutron and proton multipole transition ma-
trix elements (Mn/M p), which is a direct mea-
sure of the neutron and proton contributions
to the excitation, could be determined via the
Bernstein formula [5].

200

0 400 800 1200 1600 2000 2400

Y-ray energy (keV)

Figure 1 Doppler-corrected spectra of 7 rays emerging
from 28Ne(p,p’)28Ne reaction.
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Another experimental way to get the magni-
tude of proton and neutron excitations is the
Coulomb-nuclear interference method [6,7],
which was used for 16C nucleus. The absolute
values of Mn and Mp could be deduced by the
analysis of the angular distribution of the in-
elastically scattered 16C particles [8. The de-
tails on the experiments can be found in Refs.
[8 and [9]. In Fig. 1, the (p,p’7) spectrum of
28Ne is shown.

The determined ratios of transition matrix
elements are 7.6 £1.7, 1.0+ 0.2 and 0.8 + 0.3
for 16C, 28Ne and 34Mg, respectively. The ex-
tremely large value obtained for 16C shows that
its first 2+ state is composed of purely neutron
excitations. All the ratios observed clearly de-
viate from the N/Z rule, which is based on the
assumption of volume vibrations, giving rise
the possibility to the surface nature of the low
energy excitations.

*) On leave from ATOMKI

a) Rikkyo University, Tokyo, Japan

b) RIKEN, Wako-shi, Japan

c) IPN, Orsay, France

d) University of Tokyo, Tokyo, Japan

e) Kyoto University, Kyoto, Japan

f) Tohoku University, Miyagi, Japan

g) Ludwig-Maximilians-Univ. Minchen, Germany
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There has been considerable interest re-
cently in the analytic solutions of the Bohr
Hamiltonian which describes the collective mo-
tion of nuclei in terms of the shape variables B
and 7. The origin of these studies lies in the
interacting boson model (IBM), which assigns
three different dynamical symmetries to three
well defined nuclear shapes: spherical vibra-
tor (U(5)), axially deformed rotator (SU(3))
and 7-unstable rotator (0(6)). Recent devel-
opments in this field concern transitions be-
tween different phases of the IBM phase dia-
gram through critical points, which correspond
to rapid structural changes. The first transi-
tion of this type associated with an E(5) sym-
metry was proposed by lachello [1], and it de-
scribes the critical point at the transition from
the spherical to the 7-unstable phase. This
symmetry is expected to occur in nuclei in
which the V(B, 7) potential depends only on
B, and it has a relatively flat shape in this
variable. In Ref. [1] this situation was ap-
proximated with the exactly solvable infinite
square well, and quantitative predictions were
made for various spectroscopic properties cor-
responding to the E(5) symmetry.

Recently we proposed [2] the consideration
of the sextic oscillator as a 7-independent po-
tential in the Bohr Hamiltonian

- |H (FO TR+ W> = ()
u(R) = (b2- 4ac)/?2+ 2abR4 + a2le , (2)

where ¢ = \ (r+2M + |) is a constant.
The potential defined by (1) and (2) is quasi-
exactly solvable, which means that for any
non-negative integer value of M, M + 1 of
its solutions can be obtained in an algebraic
way. The solutions are written as 4 (R) =
Pn(R2)(R2)c- M-1 exp (—1/34- |/32), where
Pn is a polynomial of order n < M. Normal-
izability requires a > 0, while a = 0 reduces
the problem to the harmonic oscillator. The
solutions with M = 0 and 1 are sufficient to
generate the most widely studied levels, i.e.
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The sextic oscillator as a 7-independent potential

those with n = £—1 < landr < 3. The
integrals necessary to determine the normal-
ization constants and the matrix elements of
E2 transitions can be written in closed form.
The sextic oscillator has much more flexi-
ble structure than potentials considered previ-
ously: depending on the parameters this po-
tential has a minimum at 8 = Oor at B > 0,
and might also have a local maximum before
reaching its minimum. (It has to be noted
though that the potential shape slightly dif-
fers for even and odd values of r, because
r + 2M, and therefore ¢ cannot be set to the
same value.) Figure 1 shows a potential with
a minimum at > 0 that leads to an energy
spectrum imitating that of 134Ba. Compar-
ing the results with the experimental data for
134Ba we found that the sextic oscillator allows
a better approximation than the other essen-
tially parameter-free potentials, i.e. the infi-
nite square well and the numerically solvable
R4 potential. We expect that this potential can
be used not just at the critical point but it can
be useful to model the full shape phase tran-
sition from spherical to deformed 7—unstable
nuclei by changing the parameters a and b.

Figure 1. The energy spectrum and the strength
of some electric quadrupole transitions calculated
with a = 40000 and b = 200 (left panel) and the
corresponding data for 134Ba (right panel).

a) Universidad de Sevilla, Sevilla, Spain
[1 F. lachello, Phys. Rev. Lett. 85 (2000) 3580.

[2] G. Lévai, J. M. Arias, Phys. Rev. C, 69 (2004)
014303.
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Renormalization-Group Analysis of the Generalized sine-Gordon Model

and of the Coulomb Gas for d > 3 Dimension

I. Nandoriabc\ U.D. Jentschuraal K. Sailerbh G. Soffa)

A renormalization-group analysis of the
generalized sine-Gordon model (GSGM) and
that of the equivalent Coulomb gas (ECG)
have been pursued for d > 3 dimensions [1].
Renormalization of the GSGM and that of the
related models (6. g XY model) ind > 3
dimensions are of particular interest with re-
gard to the numerous physical applications. In
low-temperature physics the three-dimensional
XY model (isotropic and anisotropic) was
used to study the phase transitions in the
three-dimensional flux-line lattice. The three-
dimensional XY model can also help us in
understanding the flux motions in supercon-
ductors with extremely high anisotropy; these
have been observed in recent experiments.

The RG equations for the GSGM and the
ECG are derived in two ways: (i) by means of
Wegner’s and Houghton’s (WH-RG) method
in the local-potential approximation and (ii)
by the real-space RG (RS-RG) in the dilute-
gas approximation. These different approaches
complement one another: the WH-RG applied
to the GSGM is better suited to determine the
IR behaviour of the system, whereas the RS-
RG applied to the ECG is able to better repre-
sent the non-linearities which influence the UV
scaling. It has been shown that the leading-
order terms of the flow equations obtained by
these methods agree well. Taking as an exam-
ple the 4-dimensional GSGM, we have demon-
strated numerically that the blocked potential
tends to a constant effective potential, inde-
pendent of the field-variable, in the IR limit.
This behaviour is in agreement with the global
requirements on the RG flow that constrain the
effective potential to be periodic and convex at
the same time. Comparing the evolution of the
periodic blocked potential to that of a polyno-
mial potential obtained by a Taylor-expansion
of the bare periodic potential, we show that
a violation of the periodicity would lead to a
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completely incorrect IR scaling.

Because the GSGM, the ECG and the XY-
model belong to the same universality class,
the determination of the RG flow of these
models for the three-dimensional case via two
different, complementary methods in the UV
regime enables us to compare the UV scal-
ing with that of a three-dimensional vortex gas
(VLG). It has been established that one may
transform the flow equations for the ECG to
a form very close to that of the flow equations
for the VLG, if only the leading order terms
are kept. Nevertheless, the negative fugacity
one needs to introduce and the different ex-
plicit scale-dependences occurring in the two
sets of the flow equations do not enable one
to make any definitive conclusion regarding
the question whether the VLG and the three-
dimensional Coulomb gas belong to the same
universality class.
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2.17 Construction of virtual states

J.Zs. Mezei and R.G. Lovas

The discrete eigenstates of a Hamiltonian
can be identified with poles of the S-matrix
of the system. The theoretical methods to de-
scribe few-body bound states are mostly varia-
tional. The methods for the localization of un-
bound states mostly imitate the bound-state
methods. The analytic continuation in the
coupling constant (ACCC) combined with cor-
related Gaussian bases is a well-established
method for extrapolation of bound states [1].

(@) to E +
X [ S | -

Re E
(b)

Re K

Figure 1. Typical positions of the bound-state
(x), resonance (¢), antiresonance (+) and virtual-
state (0) poles in the complex energy plane (a) and
in the complex momentum plane (b)

The poles of the S-matrix of a potential
problem with short-range attraction (and a
barrier) are situated as in Figure 1. We are
now concerned with virtual states, which are
useful tools in describing complex systems [2].

We performed calculations for a model of
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two identical particles of unit mass interact-
ing via V = -2.384e016r2 + 1.0ec04r2 (a.u.).
The virtual-state energy and wave number ob-
tained by extrapolation of s-wave bound-state
variational solutions are E = —0.003405 a.u.
and kK = —2005835a.u., respectively. (The
exact [3] values are E = —0.003408 a.u. and
K = —0.05838a.u.) The ACCC radial wave
function defined as u(r) = rtp(r), where ip(r)
is the full wave function, is shown in Figure 2,
and the exact wave function is very similar,
except that there are no ripples beyond 10 fm.
The virtual-state wave function is almost as
accurate as the resonance wave functions cal-
culated with similar extrapolations [4].

These facts point to the usefulness of this
method.

Figure 2. The wave function of the virtual state

[4 Y. Suzuki, R.G. Lovas, K. Yabana and K. Varga:
Structure and Reactions of Light Exotic Nuclei
(Taylor & Francis, 2003)

[2] R. Id Betan, R. J. Liotta, N. Sandulescu and T.
Vertse, to appear in Phys. Lett. B

[3] FORTRAN codes: GAMOW written by T. Vertse
and RADSCH written by A.T. Kruppa.

[4 R. G. Lovas, J. Zs. Mezei and T. Vertse, to appear
in Proc. Int. Symp. on a New Era of Nuclear
Structure Physics (Kurokawa, 2003)



2.18

Z. Trocséanyi

Higgs production in association with a jet
of high transverse energy with a subsequent de-
cay into two isolated photons, pp H +jet —
77-fjet, is considered a very promising discov-
ery channel for a Higgs boson of intermediate
mass (100 GeV < mH < 140GeV). The main
background to this signal is the pp —77 + jet
channel, where the photons are isolated. In
this channel the signal is a small and nar-
row peak on a flat background. In order to
optimize the selection and isolation cuts for
the experimental search one usually uses a
Monte Carlo event generator, which however,
does not take into account the QCD radiative
(NLQ) corrections. These corrections are large
and strongly dependent on the photon isola-
tion parameters [1], therefore, cannot be ig-
nored in the analysis.

In order to assess the dependence of the
radiative corrections on the isolation parame-
ters, we wrote a partonic Monte Carlo program
which employs the dipole subtraction method
as implemented in the NLDJET++ package [2].
In perturbation theory beyond leading order,
the isolated photon cross section is not infrared
safe. To define an infrared safe cross section,
one has to allow for some hadronic energy in-
side the photon isolation cone. In a parton
level calculation it means that soft partons up
to a predefined maximum energy are allowed
inside the cone. This is also natural in the ex-
periment: complete isolation of the photon is
not possible due to the finite energy resolution
of the detector.

To implement the photon isolation in the
computation, we used a ‘smooth’isolation pre-
scription at the parton level [3], which means
that the energy of the soft parton inside the
isolation cone has to converge to zero smoothly
if the distance in the p —g (rapidity-azimuthal
angle) plane between the photon and parton
vanishes. Explicitly, the amount of hadronic
transverse energy Ex (which in our NLO par-
tonic computation is equal to the transverse
momentum of the possible single parton in the
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isolation cone) in all cones of radius r < Ry
must be less than

E 1—cosr \' n
B+,max = sp7+ (" _ c0oSAJ . 3

Fig. 1. shows the perturbative prediction at
the leading- and NLO accuracy. The leading
order prediction (dashed line) is independent
of the isolation parametes. The radiative cor-
rections are rather large and strongly depen-
dent on the isolation parameters. The milder
the photon isolation (small Ry and large e),
the larger the correction. In particular, if Ry
takes the value of 0.5, as commonly used in
experiments, the corrections are larger than
100%, indicating that the fixed order pertur-
bation theory is not reliable, and multiplying
the leading order cross section with a fixed K
factor (the ratio aNLO/crLO) is not suitable to
take into account the effect of higher order cor-
rections.

pp->77+jet, Ecm= 14 TeV

Figure 1. Differential distribution of the two-
photon invariant mass.
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2.19

Shell model representation with antibound states

R. Id Betanab, R.J. Liottaa, N. Sandulescuac and T. Vertse,

A unified shell model scheme is introduced
that evaluates simultaneously the contribu-
tions of bound single-particle states, Gamow
resonances and antibound states to processes
occuring in the continuum part of nuclear spec-
tra.

Long time ago Berggren introduced a com-
plete system of single particle basis functions
(Berggren repesentation) composed of bound
states, complex energy resonant sates (Gamow
states) and a complex continuum of scatter-
ing states along a complex contour [1]. How-
ever the first attempts to use the Berggren
representation in the originally suggested form
for shell model desciption of many body reso-
nances in the complex energy plane has been
done only recently [2]. Now we made a further
step in extending the Berggren representation.
We included also antibound poles of the S-
matrix into the basis [3]. In this work the shell
model in the complex energy plane [2] was fur-
ther generalized in order to use the extended
Berggren representation. The unique feature
of this approach isthat it allows us to study the
role of the antibound pole and the correspond-
ing complex continuum separately. In this ap-
proach the role of the antibound states were
studied in weakly bound nuclei. The method
has large flexibility in choosing the single par-
ticle basis. By changing the single particle
contour we can change the members of the
Berggren representation used. If the contour is
along the real energy axis then we use the stan-
dard complet set of the bound states and real
energy scattering states. Drawing the contour
in the third quadrant of the complex K plane
we can include certain Gamow resonances into
the basis. If the contour passes over the neg-
ative imaginary /caxis we can also include an-
tibound state and use the extended Berggren
representation.

We applied the model to study the struc-
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ture of the halo nuclei 1ILi and 72Ca. In
both cases we considered two valence neu-
trons outside cores 9Li and 70Ca, respectively.
The effects of the core were simulated by
phenomenological Woods-Saxon potentials in
which weakly bound antibound poles appear
in the | = 0 partial wave. The interaction be-
tween the neutrons has a separable form and
the strength was adjusted to reproduduce the
measured (or estimated) energies of the corre-
sponding ground states. The use of separable
interaction simplified our calculations consid-
erably and we were able to use dispersion re-
lation for calculating the complex two particle
energies (and wave functions) instead of diag-
onalizing the two particle Hamiltonian. It was
found that an antibound state lying close to
the threshold has a fundamental importance
in building up the halo in the nucleus. We
found also that in the ground state of the 1lLi
the large contribution of the antibound pole
is cancelled to a great extent by that of the
complex continuum.
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3.1 Laser Spectroscopy of Antiprotonic Helium Atoms

D. Horvath, B. Juhasz (ASACUSA collaboration)

In 2003, laser spectroscopy studies of
antiprotonic helium atoms (p-e--He2+ =
pHe+) and antiprotonic helium ions (p-He2+
= pHe2+) were carried out at the Antiproton
Decelerator (AD) of CERN. The experiments
used both the direct AD antiproton beam (en-
ergy: 5.3 MeV) and the decelerated beam (en-
ergy: 20-120 keV); the latter was produced
using the Radio Frequency Quadrupole Decel-
erator (RFQD), a unique device which both
decelerates and focuses the antiproton beam.

In 2003, we made new measurements on
the hyperfine splitting of one metastable state
of the antiprotonic helium atom using a laser-
microwave-laser triple resonance method [1].
Even though we measured this splitting before,
we hoped that we could improve the accuracy
of the measurement by i) increasing the length
of the observation time window, ii) decreasing
the density of the helium gas target thereby
reducing the collisional broadening, in) using
a metal shield to decrease the magnetic field
inside the target chamber which could cause
line splitting, and iv) using a more accurate
10 MHz reference signal synchronized by GPS
receiver. Unfortunately, due to the not so
good quality of the AD beam (its diameter was
too large and its intensity fluctuated too much
shot-by-shot) the width of the measured hy-
perfine lines was not smaller than previously.

We systematically produced and studied
for the first time a large number of antiprotonic
helium ions. The energy levels of this simple
two-body system can be easily and very accu-
rately calculated, therefore it is an ideal sub-
ject of laser spectroscopy studies. As a first
step, we measured the dependence of the de-
cay rate of several ionic states on the target
density, and from the obtained data we deter-
mined the collisional quenching cross section of
these states. These laser spectroscopy studies
can ultimately lead to a better determination
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of the mass and charge of the antiproton and
thus give a more stringent limit on the validity
of CPT invariance [2].

We continued the investigation of the tem-
perature dependence of quenching of meta-
stable atomic states in collisions with H2 and
D2 molecules [3]. According to the theoret-
ical calculations of Sauge and Valiron [4], a
state-dependent activation barrier exists for
this kind of quenching reaction, which means
that the quenching cross section ag can be ex-
pressed as the sum of an Arrhenius term and
a temperature-independent term:

Oy = aOexp(-EW/KT) + at, (1)

where cm is the cross section at infinitely high
temperatures, Ebis the height of the activa-
tion barrier, K is the Boltzmann constant, T
is the temperature, and oy is the cross section
of tunnelling of the colliding molecule through
the activation barrier. In 2002, we could only
measure the temperature dependence of the
guenching cross section of one antiprotonic
state with H2 in detail [3]; now we measured
another two states. In case of one state, the ob-
tained data could be perfectly described by the
above equation, while the other - barrierless -
state showed a completely different behaviour:
its quenching cross section increased with de-
creasing temperature and it was proportional
to the inverse collisional velocity 1/v. This
dependence is in agreement with the Wigner
threshold law of exothermic reactions involv-
ing neutral particles.

[ E. Widmann et al, Phys. Rev. Lett. 89 (2002)
243402.

[2] M. Hori et al., Phys. Rev. Lett. 91 (2003) 123401.
[3] B. Juhész et al., Chem. Phys. Lett. 379 (2003) 91.

[4 S. Sauge and P. Valiron, Chem. Phys. 283 (2002)
433.



3.2 Angular differential cross sections for ionisation of helium by proton impact

A.C. Cistelecana I.F. Barna”™ L, Gulyas and K. T6Kkési

Angular differential cross sections for ion-
ization of helium are calculated within the
framework of different theoretical approaches
and compared with experimental data. As pro-
jectiles we consider H+ with an energy of 500
keV [1]. Beside the Continuum Distorted Wave
(CDW), Continuum Distorted Wave Eikonal
Initial State (CDW-EIS), first Born approxi-
mation and Classical Trajectory Monte Carlo
(CTMC) methods a new aspect is presented
calculating angular differential cross sections
by solving coupled-channel equations.

All technical details about our single-centre
coupled-channel method can be found in [2,3]
where we successfully calculated total single-
and double-ionisation cross sections of helium
in heavy ion collisions. The coupled-channel
method is a non-perturbative description in-
volving configuration interaction wave func-
tion. As basis set we use Slater like orbitals
to describe bound states of helium and regular
Coulomb wave packets to have a finite approx-
imation about the single and double electron
continuum. A wave package is constructed by
an integral over the radial Coulomb wave func-
tion in a well defined finite energy interval.
The motion of the projectile is described with
a constant speed straight-line trajectory. As
projectile-electron interaction we applied the
non-relativistic time-dependent Coulomb po-
tential. W ith the help of the density operator
we calculate the angular differential ionisation
probabilities and with an additional integra-
tion over the impact parameter we get the an-
gular differential cross sections. According to
our knowledge there is no angular differential
cross section calculation for helium in proton
or heavy ion projectile impacts using a time-
dependent coupled-channel calculations until
now. Fig 1. shows the angular differential
cross section for ejected electrons emitted in
500 keV proton helium collisions.

At low scattering angles © < 40° no exper-
imental data are available. The CTMC gives
the highest estimation for zero degree follow-
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ing CDW and CDW-EIS models. The cou-
pled channel method with the first Born ap-
proximation give the lowest cross section for
zero degree. At about 60° scattering angle all
the quantum mechanical models have a max-
ima. CDW and CDW-EIS models explain this
phenomena with the Binary Encounter Ap-
proach (BEA). Above 80° scattering angle all
the quantum mechanical models give satisfac-
tory accordance with experimental data and
CTMC underestimates the cross sections with
30 %.

Figure 1. Angular differential cross section for
ejected electrons emitted in 500 keV proton he-
lium collisions. Experiment: solid square: [1],
Theory: thick dashed line: Coupled-channel cal-
culation, dash-dotted line: First Born approxima-
tion, long thin dashed line: CDW, thin dashed line:
CDW-EIS, solid circle: CTMC.
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3.3

Double K shell ionization of Mg and Si

induced in collisions with C and Ne ions

M. Kobalal M. Kavcica\ M. Budnara\ J.-Cl.

The X-ray satellite and hypersatellite spec-
tra of Mg and Si solid targets bombarded by
34 MeV C and 50 MeV Ne ions were mea-
sured using high-resolution crystal diffractom-
etry. The energy resolution of approximately
0.5 eV enabled us to separate contributions
corresponding to states with different num-
bers of K and L shell vacancies. The rel-
ative intensities of satellite and hypersatel-
lite lines were determined by fitting the mea-
sured spectra with lineshapes calculated using
the GRASP92 computer code. We associated
the measured X-ray yields with the produc-
tion yields of initial states by considering to-
tal decay schemes of initial states. The decay
schemes were also used to limit parameters of
the fit, namely the relative intensities of contri-
butions to each K satellite and hypersatellite,
and K intensities which overlap the K hyper-
satellites and can not be resolved directly from
the measured spectra. Initial state production
yields were used to determine the probability

Dousse” and K. T&kési
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for L shell ionization and the double to sin-
gle K shell ionization ratio. The experimen-
tal values were compared to theoretical predic-
tions obtained within the independent electron
model using single electron ionization prob-
abilities calculated by the three body classi-
cal trajectory Monte-Carlo (CTMC) method.
While the double to single K shell ionization
ratio matched the CTMC-based predictions,
the CTMC-based L shell ionization probabili-
ties were approximately two times higher.
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3.4 Angular distribution of scattered projectiles following double electron capture
processes at low energy C4+ and helium collisions

M. Hoshinoahh Y. Yamazakia'c) and K. TG6kési

The recent availability of sources for slow
highly charged ions (HCI), namely electron cy-
clotron resonance (ECR) and electron beam
ion sources (EBIS) has led to a flurry of re-
search activities, both experimental and theo-
retical, in the field of HCl-atom interactions.
One of the interesting classes of these inves-
tigations is the study of multi-electron cap-
ture processes [1,2]. On the most fundamental
level, its importance is derived from the ap-
plications in many fields, e.g. astrophysics, fu-
sion research, atmospheric science, and plasma
diagnostics. Angular differential cross section
measurements provide also information from
the interaction potential curves.

In this work a four-body classical trajec-
tory Monte-Carlo (CTMC) method [3] is used
to calculate the double electron capture prob-
abilities in 470 eV C4+ and He collisions. The
four particles have the corresponding masses
and charges and the forces acting among the
four bodies are taken to be pure Coulombic
ones. The interaction between the two active
electrons of the Helium atom is neglected. The
impact parameter of the projectile and the ori-
entation and velocity of the electrons moving
around the target nucleus are randomly se-
lected according to the Monte Carlo method.
The binding energies of the electrons in the He
atom are chosen conveniently 2 a.u. and 0.903
a.u., respectively. To distinguish between the
various final states, the exit channels are tested
at large distances from the collision center.

The angular distribution of scattered pro-
jectiles following double electron capture pro-
cesses at low energy C4+ and helium collisions
show an intense peak at 0° applying the 4-
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body CTMC method. This result is surpris-
ing at first sight because due to the slow pro-
jectile velocity we expected that the interac-
tion time is plenty large enough creating large
angle scattering for projectile. To solve this
unexpected finding we calculated the contour
plot of the double electron capture probabili-
ties as a function of impact parameter (6) and
scattering angle (0). According to our calcu-
lations, when the impact parameter is small
(around 0°) the scattering angle is also small.
At b = 0 the scattering angle is 0°. We con-
clude that the dominant contribution of double
electron transfer at the range of small impact
parameters arise from the so called ”knock-on”
collisions, i.e. the C atoms remain almost rest
after the collisions and the He2+ ”scatter” into
0° (recoil effect).
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3.5 Angular dependent PCI effect on photoionized Ar LMM Auger line shape

B. Paripasa\ G. Vitéza\ Gy. Vikorb K. T&kési, M. Huttulad R. Sankarid\ A. Calod H. Akselacl

and S. Akselac)

We have studied the effect of post collision
interaction (PCI) on the Ar LMM Auger line
shape after photoionization as a function of the
emission angle. The photon energy was var-
ied between 320-440 eV. The calculations were
made on the basis of eikonal approach. The
effect of PCI on the line shape is described by
the average asymmetry parameter [1]. The in-
put data of these calculations are differential
cross sections of the photoelectrons, it is given
by the equation:

| = (n

where A =] cos 2" sin2B, P?,(cosB) is the sec-
ond Legendre polynomial and [ is the angu-
lar asymmetry- or angular distribution param-
eter, 9 is the polar angle, measured relative
to the primary axis, ip is the azimuthal an-
gle, measured between the emission half plane
and the electric vector of the linearly polar-
ized synchrotron radiation. The value of
parameter is constant (/3=2) for Ne Is pho-
toionization but for Ar 2p ionization it de-
pends on the photon energy [2]. The experi-
mental Auger electron spectra have been mea-
sured with synchrotron radiation on the soft X-
ray beamline 1411 at MAX lab, Lund, Sweden.
A hemispherical Gammadata-Scienta SES-100
electron analyser combined with a gas cell with
small holes for incoming photons and outgoing
electrons in the interaction region were used
to obtain the electron spectra. All the mea-
surements were done perpendicular to the pho-
ton beam (9 = 90°), the angle between the
Auger emission half plane and the electric vec-
tor of radiation was changed in the 0°-90° re-
gion.

The detailed results will be published in
Ref. [3]. We found a general agreement be-
tween calculated and measured peak asym-
metries. The most exciting case when the
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speeds of the photo and Auger electrons are
close and because of this reason a strong an-
gular dependence of peak asymmetries is ex-
pected. We measured definitely opposite signs
of peak asymmetries in the polarization direc-
tion ((p = 0°) and respectively in the perpen-
dicular direction (ip = 90°). The sign changing
must be between 45° and 50°, where the PCI
distortion of line shape vanishes (Fig.l).

Figure 1. Ar Auger peak asymmetries as a func-
tion of the azimuthal emission angle at 440 eV pho-
ton energy. Open circle: present experiment, solid
line: present theory.

Acknowledgement
The work was supported by the Hungaria-
Swedish Cooperative Science Program (KVA).

a) Department of Physics, University of Miskolc, 3515
Miskolc-Egyetemvaros, Hungary

b) Department of Atomic Physics, Stockholm Univer-
sity, 10405, Sweden

c) Department of Physical Sciences, University of
Oulu, P.O.Box 3000, 90014 Oulu, Finland

[1 B. Paripas et al., J. Phys.B: At. Mol. Opt. Phys.
34 (2001) 3301.

[2] D. W. Lindle et al, Phys. Rev. A 38 (1988) 2371.

[3] B. Paripés et al., J. Phys.B: At. Mol. Opt. Phys.,
submitted for publication (2004)



3.6 Ambiguities in multiple ionization x-ray satellite energies

I. Térok and T. Papp

Although x-rays have wide applications in
elemental analysis, and are also used in de-
termining the masses of elementary particles,
like antiprotons, pions, muons and neutrinos,
the accuracy of the x-ray databases are still
far from assuring that the results are model
and equipment independent. Indeed, the ma-
jority of x-ray angular correlation and angu-
lar distribution measurements yield somewhat
unexpected results, that are not in line with
the symmetry requirements predicted by the
angular momentum and parity conservation
rules. The neutrino mass measurements with
solid state detectors yielded questionable re-
sults, which origin is not yet described.

For consistent use of x-ray spectrometers
the proper energy calibration offers some ad-
vantages. There are strong discrepancies in
the x-ray energy values [1]. The x-ray spec-
tra also contains satellite lines, which presence
could be incorporated into the analysis of x-
ray spectra, with a possibility of potential im-
provements. It’ inclusion in the energy cali-
bration seems to be unavoidable. We attempt
to compile the energies of the KL multiple ion-
ization x-ray satellite lines (e. g. [2]). Such
a work could be expected to be a simple ex-
ercise, however several ambiguities make such
a work difficult. One of them is, that the en-
ergy calibration in the source works are differ-
ent. This leads to several tenths eV ambigu-
ity. Another problem is, that in many cases,
the author’s interest is focused on the inten-
sity ratios of the spectral components, there-
fore the energy calibration is missing, or is in-
accurate. Athird problem arises from the mul-
tiple ionization itself: at certain projectiles and
bombarding energies the unresolved additional
components from higher subshells are differ-
ent. In the studied cases [1, 2] the M shell
contributions caused widening and shifting of
the KL1 lines, giving a few eV ambiguity. A
fourth problem is that the Kaq and Kaz2 lines
at higher Z values are separated in a good high
resolution crystal spectrometer, and the Ko2
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satellites interfere with the Kag diagram and
satellite lines. At low Z (e. g. Al) the KL
satellite spectrum looks like a glove with sev-
eral fingers. After the Ka diagram line come
roughly the KL1, KL2,..., KL7 group of lines.
At higher Z (eg. Pd) the resolved Kag and K&
lines both have their own glove’s fingers sepa-
rately, shifted from each other. May be this is
the reason, why we did not find reliable mea-
sured E values in this range in the early litera-
ture. Nowadays, there are attempts to investi-
gate these higher Z element satellites (see e. g.
Fig. lin ref. [3]). Here the Ka”L2and Ka”L3
lines are under the KaqLO and KagL1 lines. It
would be a useful project to measure the mul-
tiple ionization satellites of all the elements,
using the same apparatus (including accelera-
tor and spectrometer) and the same measuring
and evaluation methods, through wide ranges
of energies and projectiles. A consistent data
body could improve the precision of x-ray an-
alytical measurements.

However, such attempts should overcome
the general practice of ignoring the possibil-
ity that the x-rays could be polarised. In
Maxwell’s equations there aren’t any specific
length parameter, therefore it is expected to be
valid for a broad energy range of electromag-
netic radiations. While it is a common practice
to consider that the visible light is polarised,
there are a tendency to ignore such a possibil-
ity in x-ray spectroscopy. Generally the x-rays
are also polarised, and there are two extrema
when they are 100% or 0% polarised. Satel-
lites are expected to be generally polarised [4].
Therefore their measurements with polarisa-
tion sensitive devices might benefit from the
inspection, whether the extrema of 0% polari-
sation is fulfilled.

For practical x-ray analytical work, we rec-
ommend to use the approximate formulae for
the energies [2]. However, it should be noted
that recent practicies to use the satellite inten-
sity data for x-ray analitical work could only
be considered reliable if the polarisation sen-



sitivity of the diffraction spectrometers are in-
corporated. Similar difficulties arise for the hy-
persatellites and in accounting for the chemical
effects in the ionization process.
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3.7 State selective single electron capture from noble gas by highly charged ions

L. Lugosia\ K. ToOkési, E. Takacsbd V. Kharchenkoc\ H. Tawarab L.P. Ratliffb. J.D. Gillaspyh

Cs. Szabod\ T. Suta

One of the main goals of the recent ac-
tivity in the field of charge transfer dynam-
ics in collisions of low energy highly charged
ions (HCIs) with atoms is to identify state se-
lective (n, 1) capture distributions. In the sin-
gle, double or multiple electron capture pro-
cesses evoked by HCIs the products generally
are in excited states after the collision and can
stabilize either by the ejection of Auger elec-
trons or photons. The accurate knowledge of
the initial state distribution (ISD) of the HCI
is important in a range of astrophysical and
laboratory plasma environments, since the ra-
tios of line intensities provide information on
the electron temperature and density as well
as spatial and temporal distributions in the
emitting region of the plasma [1]. Recently a
series of the experimental studies of the elec-
tron capture processes involving X-ray emis-
sion at low projectile energies were presented
(e.g. [2]). The motivation of the recent studies
is to provide sophisticated state selective (n, I)
cross sections for theinterpretation of the mea-
sured X-ray spectra.

In this work the ISD for single electron
capture (SEC) in the framework of the inde-
pendent particle model (IPM) is studied by
a three-body classical trajectory Monte Carlo
(CTMC) method [34] and by semiclassical
multi channel Landau-Zener (MCLZ) theory
[6]. The CTMC model is based on the classi-
cal over barrier model (COBM) which is the
modem classical description of the electron
capture process. The COBM predicts that a
single captured electron predominantly popu-
lates states with principal quantum numbers
nd ~ q[(2,/9 + 1)/(21Tffq(l + y/q))]1/2, where
g is the charge of the projectile and It is the
first ionization potential of the target. It has
been established that this formula sucessfully
predicts the most probable n state of the cap-
ture in most experimental situations. It is how-
ever, unable decribe the ISD(n) and ISD(n,/)
distributions.
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The results of our CTMC and MCLZ cal-
culations for nd are close to the COBM pre-
dictions for the collision systems we initially
studied (Arl7+ and Arl8+ on Ar). We can
also conclude that the ISD(n) for the consid-
ered collision systems have sharpe and asym-
metric Gaussian-like shapes with a narrow
full width at half maximum (FWHM). The
FWHM becomes larger with increasing the
projectile charge g and energy E, respec-
tively. While the predicted values of n,i were
close for CTMC and MCLZ calculations there
are significant differences in the obtained I-
distributions. We belive that, this discrepancy
may mainly be caused by the complete negli-
gence of the effect of the rotational coupling
terms vb (\iLy\i)/R 2 in our MCLZ model.
The rotational coupling operator Ly couples
quasi-molecular states (which dissotiate to the
atomic final states) having same spin and dif-
ferent angular symmetry (E —1,M—A) in ac-
cordance with the Wigner’s rule. In our future
work we are planning to investigate this effect
for different HCI collision systems.
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3.8 Experiments and modeling of state selective electron capture in slow HCI

collisions

E. Takacsad H. Tawaraa\ V. Kharchenkob L. Lugosic\ K. Tékési, L.P. Ratliffa\ J.D. Gillaspya\

Cs. Szabdéd\ T. Suta

Recently a series of the experimental stud-
ies had been carried out at the NIST for the
electron capture processes

PO+ + T —P («-D+*(nZ2S+1Lj) + T+ (2)

(P=Ne9+10+, Arl7+18+, Kr3s+36+ T=02,
Ne, Ar) involving X-ray emission with low pro-
jectile energies [1]. The collision systems had
been selected to cover a wide range of projec-
tile charges g and target first ionization po-
tentials 1t- These parameters play essential
role in determining the initial states distribu-
tions ISD of the captured electrons. Therefore
a systematic series measurements can aid the
theoretical understanding of the capture pro-
cess. The projectiles were selected to be one
ore two electrons systems in order to keep the
modeling task simpler.

As our first attempt for the theoretical un-
derstandind we were concentrating on Arl7+
projectile ions colliding with Ar neutrals. The
single K hole initial projectile assured a rather
simple X-ray spectrum and the fairly high
charge made the collisions different from other
previously studied systems.

In the theoretical modeling spectra were
generated at the ITAMP by applying a
time dependent population calculation method
[2. The ISD(n, 1) initial state distributions
needed as input parameters were calculated at
ATOMKI using two different theoretical ap-
proaches. The single electron capture was
treated by an CTMC method and by an MCLZ
model [Lugosi et al., see this Ann. Rep.]. The
comparison of the theoretical and experimen-
tal spectra can be seen on Figure 1. The the-
oretical spectrum based on the CTMC (n, )
cross sections is in good agreement with the
experimental one both in the sape and the rel-
ative magnitude of the peaks. Using the (n, )
cross sections obtained by the MCLZ model,
however, the relative intensities of the higher
energy peaks are clearly overestimated.
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Figure 1. X-ray spectra generated in AP 7+ on Ar
collisions.

We believe that this discrepancy is due to
the rotational mixing of Stark states neglected
in our calculations as it was previously as-
sumed to be important for these kind colli-
sions. The further investigation of this effect is
under way for this and other collision systems.

a) National Institute of Standard and Technology,
(NIST), Gaithersburg, MD 20899-8421, USA.

b) Harvard-Smithsonian Center for Astropysics, Cam-
bridge, MA 02138, USA.

¢) Surface and Materials Science Laboratory, Nara In-
stitute of Scince and Technology (NAIST), Nara,
630-0192, Japan.

d) Department of Experimental Physics, University
of Debrecen, Bem tér 18/A, H-4026, Debrecen,
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3.9 On the energy shift of the ECC cusp: Does the shift really exist?

L. Sarkadi and R.O. Barrachinaa

The cusplike “electron capture to the con-
tinuum” (ECC) peak appearing in the spec-
trum of the forward emitted electrons in ion-
atom collisions are generally thought to be a
divergence. Recently Shah et al. [1], however,
claimed that “the ECC cusp is indeed a cusp,
and not a divergence smoothed by the experi-
ment”. These authors measured the ECC cusp
for collisions of 10- and 20-keV protons with H2
and He, and found that the peak was shifted to
lower velocity than its expected position (cen-
tered on the projectile velocity v). Their clas-
sical trajectory Monte Carlo (CTMC) calcula-
tions supported the observation. On the basis
of an earlier theoretical work [2] they explained
the effect as a result of a long-range residual
interaction of the electron with the target ion.

In the present work we also carried out
CTMC calculations (for the case of 20-keV pro-
tons on He) by which we demonstrated that
the shift really exists but its value depends on
the angular window of the electron detection
(i.e., the acceptance angle B of the electron
spectrorfieter used in the experiment). Fig. 1
shows the results obtained from evaluation of
3 x 108 collision events. One can see that the
shift decreases with decreasing 9. The extrap-
olation of the data to 9 = 0 clearly shows that
the shift disappears at infinitely small angular
window.

We note, however, that a small residual
shift should exist even at 9 = 0 due to the en-
ergy loss of the projectile in the ionization pro-
cess. Furthermore, the divergence is smeared
out by the scattering of the projectile, there-
fore the cross section is indeed finite at ve —v.
In the framework of the general theory of the
final-state interaction theory of cusp forma-
tion [3] we showed, however, that this effect
could only be observable if the acceptance an-
gle of the spectrometer were reduced to a pro-
hibitively small value of 0.06° at 10 keV impact
energy (the experiment in [1] was carried out
with 9 = 1.5°).
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20 keV H+ + He

Acceptance angle, A0 [deg]

Figure 1. Upper part: Calculated double differen-
tial cross sections for the electron emission from 20
keV H+ + He collisions at 0°. The curves are re-
sults of evaluations made for different acceptance
angles of the electron detection (0.4°, 0.75°, 15°
and 3°). Lower part: The position of the peak
maximum as a function of the acceptance angle.

a) Centro Atomico Bariloche and Instituto Balseiro,
8400 S C de Bariloche, Rio Negro, Argentina
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3.10

Properties of the ECR plasma through X-ray images

S. Biri, E. Takadcsa\ L.T. Hudsonhb A. Valek, B. Radicsa\ J. Palinkas

X-ray images of the plasma were recorded
at the ECR ion source using a pinhole and a
high resolution CCD camera [1]. The imaging
system consisted of a 1.4M CCD camera and
a 70 micrometer diameter X-ray pinhole. The
22 /am pixels permitted 0.1 mm spatial reso-
lution. Operating with short exposure times,
any individual pixel could be used as a sin-
gle photon detector with an energy resolution
of about 180 eV. This method has good spa-
tial resolution as well as the capability of post-
processed energy filtering of the images. Low
and high charge state Ar, Xe and Fe plasmas
were produced with simultaneous beam extrac-
tion. Full-size (Figure 1) and selected region
images were recorded and analyzed [2].

Ar-Xe plasma  Plasma chamber wall (Fe)

Figure 1. Typical X-ray picture of the ECR

plasma.

In Figure 2 the energy spectrum of a full-
size image Xe+Ar plasma image is shown. The
inset pictures represent the (axially integrated)
spatial location of the sources of the Ka (Ar)
and La (Xe) characteristic radiation Also in-
set are Al and Fe sub-images due to Ka and
bremsstrahlung radiation produced by ener-
getic electrons lost in the metal walls of the
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plasma chamber. The radial distributions of
the X-ray intensities along lines starting from
the center toward different directions clearly
show the strong inhomogenity of the plasma
and also that it has much lower density around
the axis of the system..

Images of selected plasma regions (extrac-
tion slit, magnet pole, magnet gap) gave a
better understanding of the effect of impor-
tant tuning parameters like bias disk voltage,
gas mixing, microwave power, magnetic field
strength etc. [2 These parameters are com-
monly used to produce highly charged plasmas
and beams.

Figure 2. X-ray energy spectrum of a Xe-Ar mix-
ture plasma. The small images show the locations
of the sources of the X-rays.

a) Department of Experimental Physics, University of
Debrecen, Debrecen, Hungary

b) National Institute of Standards and Technology
(NIST), Gaithersburg, USA
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Interference Effects in Electron Emission from H2 by 68 MeV/u Kr33+ Im-

pact: Analogy to Young’s two-slit experiment

N. Stolterfohtal B. Sulik, L. Gulyas, B. Skogvalla J.Y. Chesnelb F. Frémontd D. Hennecarth
A. Cassimib L. Adouib. S. Hossainc) and J.A. Tarns”

Studies of particle-induced ionization have
devoted particular attention to the molecular
target H , which is the simplest molecule com-
posed of two atoms. While the overall ioniza-
tion is well understood [1,2], little is known
about phenomena associated with the indis-
tinguishability of the atomic H centers. As
outlined in Fig. 1, ionization of H2 resembles
Young’s two-slit experiment where the atomic
H centers (or slits) simultaneously emit radial
waves. The coherent electron emission from
the two centers may produce interference ef-
fects in the ionization spectra. Such interfer-
ences, which reveal the wave aspect of elec-
trons, played an essential role in the early de-
velopment of quantum mechanics.

Figure 1. Electron emission from two identical
centers smilar to Young’ two-slit experiment

Recently, we found experimental evidence
for interference effects in H2 electron emission
spectra induced by very fast projectiles [3]. In
that work, hereafter referred to as (I), the anal-
ysis indicated that the use of a high projec-
tile velocity is important because it enhances
interference effects. The spectra obtained at
forward angles (e.g., 30° ) exhibited an oscilla-
tory structure in good agreement with model
calculations. The experimental work has mo-
tivated several theoretical studies [4- 6] which
confirmed the existence of interferences in elec-
tron emission from H2. In particular, Nagy et
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al. [5] shows explicitly that the frequency of
the oscillation depends on the electron emis-
sion angle.

In the present work, we provided decisive
experimental evidence for interference effects
in electron emission from H2 resulting from 68
MeV/u Kr33+ ion impact [7]. The experimen-
tal results clearly indicate a varying oscillation
frequency of the interference pattern, in gen-
eral agreement with the previous prediction [9]
and calculations based on the Born approxima-
tion.

In accordance with the previous theoreti-
cal work [3 - 5] the cross section for electron
emission from H2 relevant for the present ex-
periment is given by (atomic units are used
throughout if not otherwise stated)

do//.
dFlde

do2H sin(pd
1 dgdvide 1t pg 4 ()

where the solid angle dQ and the energy de re-
fer to the outgoing electron. The cross section
describes incoherent electron emission from the
two independent H atoms (denoted by the la-
bel 2H), but mutually influencing their effec-
tive charges. The term in parenthesis repre-
sents the interference caused by coherent emis-
sion from the two centers where d is the in-
ternuclear distance of the H2 molecule and
p — K —q Iis the difference between the elec-

tron momentum K and the momentum transfer
in the collision q.

The expression in Eq. (1) is obtained after
averaging over the random orientation of the
internuclear H2 axis. The presence of the in-
terference term shows that the averaging pro-
cedure preserves the oscillatory features of the
electron emission spectra. Moreover, Eq. (1)
must be integrated over the momentum trans-
fer vector g+ perpendicular to the beam direc-
tion. This integration was carried out using



analytic cross sections da“H/ dqdQde for inde-
pendent H atoms obtained from the Born ap-
proximation [1,2].

01 2 3 4 0 1 2 3 4 5
Electron Velocity (a. u.)

Figure 2. Ratios of experimental to theoretical
CDW-EIS cross sections for electron emission in 68
MeV/u Kr33+ + H2 collisions plotted as a function
of the ejected electron velocity. From (a) to (d)
the electron observation angles are varied as indi-
cated. The solid lines represent Born calculations
from Eq. (1) and the dashed-dot lines are obtained
from fits using the analytic function of Eq. (2).

In Fig. 2 experimental and theoretical re-
sults are presented [14]. The experimental
data are normalized to theoretical CDW-EIS
[8] results for atomic hydrogen to remove the
strongly varying factor do®H/dQde . The ade-
quately normalized results from the Born ap-
proximation are obtained Using Eq. (1) and
are plotted as solid lines in Fig. 2. Details are
given in Ref. [7]. To obtain more information
from experimental data we use the following
fit formula

(dan2N  _
\dOdej nor

where F, G, and c are adjustable parameters.
This formula was chosen in view of the theo-

\ t sin(kcd)'
Kcd
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retical prediction that the oscillation pattern
is governed by a frequency parameter c, which
in turn, depends on the observation angle as
c = cos6 [5]. Since ¢ may differ from the pre-
dicted value cos6, the quantity ¢ was used as
an adjustable parameter. The functions fitted
to the experimental data are shown as dash-
dotted lines in Fig. 2

It is seen that the results from the Born
approximation axe in good agreement with ex-
periment for 30° and 60°. Also, the Born re-
sults are found to agree well with the model
calculations by Nagy et al. [5]. Accordingly
the fit values of ¢ agree well with cosé for 30°
and 60° confirming the prediction of an angu-
lar dependent oscillation frequency. However,
discrepancies between the Born results and ex-
periment occur for 90° and 150°. In particu-
lar, for 150°, the oscillation frequency is ob-
served to be enhanced in comparison with the
Born calculations. This finding, which is not
fully understood at present, may indicate ef-
fects leading beyond the Born approximation
i61.
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3.12
dence on the tilt angle

Guided transmission of Ne7+ ions through nanocapillaries in PET: depen-

N. Stolterfohta\ R. Hellhammera\ Z.D. Pesiéa\ V. Hoffmanna\ J. Bundesmanna A. Petrova\ D.

Finka) and B. Sulik

During the past few years the creation
of nanostructures in solids have received out-
standing attention. A favourable tool for pro-
ducing capillaries of high quality with respect
of straightness and large aspect ratio is the use
of ion tracks created by energetic projectiles in
the solid [1]. By etching, the ion tracks can
be transformed to mesoscopic capillaries whose
dimensions range from a few nm to a few /am
[2] . In our recent work we studied nanocapil-
laries of 100 nm diameter in highly insulat-
ing PET, which were produced by fast xenon
ions with energies of several hundred MeV.
[3/4]. The transmission of highly-charged ions
through the capillaries was studied and an un-
expected effect of ion guiding was discovered.

As a wall interaction strongly changes the
ionic charge state [5], close contacts with the
walls cannot occur. It was proposed that the
incident ions deposit charges at the inner wall
of the capillaries in a self-organizing process
[3] . Hence, other ions are reflected far from
the capillary walls so that charge exchange pro-
cesses are inhibited. Thus, a considerable frac-
tion of ions is guided through the capillary pre-
serving its incident charge state. This meso-
scopic capillary guiding is remarkable, since a
large number of highly charged ions is trans-
mitted through tiny tubes where a close con-
tact with the walls seems to be inevitable.

In the present work, we investigate the
transmission of Ne7+ ions through nanocapil-
laries at different incident angles. Angular dis-
tributions of Ne7+ ions are measured as they
emerge from the capillaries. The guiding effect
is demonstrated in Fig. 1, where the trans-
mitted ion intensity is plotted as a function
of the observation angle B. The PET data
are compared with results obtained with cap-
illaries covered by Ag. The angular distribu-
tions for the Ne7+ ions transmitted through
the PET capillaries are rather broad (za 5°
FWHM) regardless of the tilt angle (Fig. 1).
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The most striking feature is that for the
tilted foils the centroids of the angular distri-
butions are significantly shifted with respect to
the 0° data so that each centroid angle nearly
coincides with the related tilt angle.

Observation Angle (deg)

Figure 1. Angular distribution of Ne7+ ions trans-
mitted through capillaries in PET foils. The foils
were tilted by the angles indicated in the figure.
The solid lines represent Gaussian functions fitted
to the data. The distinct peak near 0° was obtained
using capillaries covered with Ag.

The shifts of the angular distributions in-
dicate that the direction of the incident Ne7+
ions is altered to a preferential direction par-
allel to the capillary axis, i.e., the ions appear
to be guided through the capillary. It should
be realized that with the capillary aspect ratio
of 100, i.e., 10 /xm length versus 0.1 gm diam-
eter, the maximum angle is ss 0.5° for ions
travelling on a straight line without touching
the inner wall of the capillary (see also the Ag
data). Consequently, Ne7+ ions transmitted
through a foil tilted with angles >1° have to
interact at least once with the inner wall of the
capillary. Nevertheless, as seen in Fig. 1, the



intensity loss is minor for Ne7+ ions transmit-
ted through capillaries with 5° tilt angle and
the Ne7+ intensity is still considerable at tilt
angles as large as 15°. Obviously, for PET, a
large fraction of the ions is guided through the
capillary without changing »their initial charge
state. It is seen, however, that the transmis-
sion of the ions depends on the tilt angle.

Figure 2. Time dependence of the transmitted
Ne7+ intensity showing charging and discharging
phenomena. A beam of n 1 nA Ne7+ ions is
directed onto the PET foil tilted at angles 0 —
5° 10° and 15°. The transmitted Ne7+ inten-
sity increases nearly exponentially. After 10 min
the beam is turned off. Short beam pulses probe
the decrease of the transmission. The experimental
results (points) are compared with model calcula-
tions (solid lines), see text.

Since the ion guiding is produced by
charge-up effects, the ion transmission varies
with time. In Fig. 2 the experimental results
for the time evolution of the transmitted Ne7+
intensity, integrated over the emission angle a,
are shown. When the beam is turned on, we
observe the capillary charging with a time con-
stant of rc. After 10 min the beam is turned
off to verify the capillary discharging. It was
found to take place with an effective time con-
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stant Il This is done by probing the transmis-
sion by short beam pulses whose contributions
to the capillary charging can be neglected.

To interpret the present results, we per-
formed calculations using a non-linear model
[4 with respect to the fraction of the trans-
mitted ions, which is obtained as

= ©)

where Ce is the capillary capacity near the en-
trance region, g is the projectile charge state,
Q is the deposited charge, bs is a constant, and
/o ~ 0.6 is an empirical factor which takes into
account the loss of ions transmitted through
the capillary for zero tilt angle '0 = 0. More
details are given in Ref. [4].

In Fig. 2 the results of the model calcula-
tions are given as solid lines. We note that the
decay curves refer to the variation of the ion
transmission rather than that of the deposited
charge Q. Actually, for different tilt angles
the model calculations yield about the same
amount of charge finally deposited in the capil-
laries and, accordingly, the discharge time con-
stants are nearly the same, too. However, for
a given charge deposition the fraction of trans-
mitted ions strongly depends on the tilt angle
so that considerably different decay curves are
obtained for the tilt angles used here.

The experiments have been performed at
the ECR beamline of the ISL facility in Hahn-
Meitner Institute Berlin. Work was supported
in part by the Hungarian-German S&T Col-
laboration (D17/99).
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Ping-pong games in atomic scale

K. Tokési, N. Stolterfohta\ R. Hellhammera\ Z.D. Pesical T. Ricséka, Z. Berényi, G. Vikorb

Sz. Nagyb) and B. Sulik

lonization is one of the fundamental phe-
nomena studied in atomic collision physics.
Differential spectra of the ejected electrons
provide detailed information about the dynam-
ics of the ionization process. Characteristic
structures in these spectra can be associated
with different collisions mechanisms. In en-
ergetic ion-atom collisions, most of the struc-
tures can be explained within the framework
of first-order perturbation theories. However,
large electron yields, compared to first order
theoretical predictions, have often been ob-
served in the high-energy part of the electron
spectra in ion-atom, ion-molecule and ion-solid
collisions. This relative enhancement of the
high energy tail of the spectra of the emit-
ted electrons can be rather strong especially
in ion-solid collisions [1]. Such “hot” electrons
may play significant role in many fields (as-
trophysics, ion-beam technologies) and hold
also of considerable technological importance
for the understanding of plasma physics or an-
alytical methods.

Figure 1. Classical "snapshots” of a P-T-P scat-
tering sequence, starting with a binary collision be-
tween the projectile ion and the target electron.

In this work we focus on this high energy
tail of the spectra in ion-atom collisions. Em-
phasis is given to the calculations. We demon-
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strate that these parts in the spectra can be
associated with the multiple scattering pro-
cesses. The energy gain of ejected electrons can
be considered as a result of ping-pong games,
where the ball is the liberated electron itself
while the bats are the target and the projec-
tile cores. The characteristic size where such a
game is played can be estimated by the clas-
sical over barrier model [2]. The origin of the
name of such scenarios goes back to Fermi [3],
who had proposed a similar mechanism as a
possible source of energetic cosmic rays. For
collisions of heavy atomic centers (M/me 3> 1,
where M is the mass of either the projectile or
the target nucleus, me is the mass of the elec-
tron), the kinematics of the process is rather
simple. The velocity of the liberated electron
is increased by approximately 2V (V is the pro-
jectile velocity) in every 180° elastic scattering
with the incoming projectile, while only the di-
rection of the electronic motion is changed by
scatterings of the target field. In refs. [4)5]
we introduced the shorthand P and T to de-
note the electron-projectile and electron-target
scatterings, respectively. If the first P scatter-
ing of the electron e.g. is followed by a second
scattering on the target field, it is called a P-
T process. Notations like P-T-P or T-P-T-P
refers to longer sequences.

In ion-atom collisions, higher orders of mul-
tiple electron scattering can be treated prac-
tically only by applying a non-perturbative
model. Therefore we performed a three-body
classical trajectory Monte Carlo (CTMC) cal-
culations. In the present CTMC approach,
Newton’s classical nonrelativistic equations of
motions for a three-body system are solved [6].
For description of the interactions among the
screened ionic cores and the active electron an
analitic model potential is used derived from
Hartree-Fock calculations. It has been devel-
oped by Green and coworkers [7].

At first we applied our CTMC method at
the impact of intermediate velocity C+ projec-



tile ions on inert gases. The predicted CTMC
results were in good agreement with the exper-
imental data [4,5]. Moreover, by the help of the
analysis of the longitudinal momentum trans-
fer values to the target and projectile cores
during the collision, the P-T-P and P-T-P-T
multiple scattering contributions were clearly
separated and identified [5].

Figure 2. Ratios of the double differential cross
sections for electron emission in 15 keV N+ +
Ar collisions. Forward and backward spectra are
diveded by the 90° reference data. Symbols: exper-
imental data [8], solid lines: CTMC calculations.
Multiples of the projectile velocity are indicated.

Along this line we extended both our mea-
surements and calculations to the lower projec-
tile energies. We performed a set of new exper-
iments from low to intermediate projectile ve-
locities. Experiments for 10 and 15 keV/u N+
+ Ar collisions have been performed at the ISL
beamline of Hahn-Meitner Institute, Berlin [8].
In the 50-100 keV/u impact energy range, we
studied many collision systems at the beam-
line of the 5 MV Van de Graaff accelerator in
ATOMKI, Debrecen, including N+ + N2, Ne,
Ar, N2 + N2, Ne, Ar.

The comparison of the results of the above,
and also earlier [9], experimental studies with
our CTMC calculations provided a rather good
general agreement. As an example, we show
measured and calculated differential electron
emission cross section ratios for slow collisions
of N+ ions with Ar atoms in Fig. 2. Both the
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forward (30°) and the backward 135°) emit-
ted spectra are divided by the 90° data to
observe anisotropies in the angular distribu-
tion. Such anisotropy patterns are character-
istic for multiple scattering processes. It is
clearly seen that CTMC accounts both the ob-
served forward-backward enhancement of the
electron emission, and the asymmetry with a
larger yield into the forward direction. More-
over, CTMC results provide a qualitative agre-
ment for backward electron emission angles.
At the same time, CTMC overestimates the
measured anisotropy in the forward direction.

We note that the displayed energy region
belongs to 5-12-fold multiple scattering of the
emitted electrons, as indicated in the figure.
Indeed, the dominance of such events has been
confirmed by the individual analysis of the
CTMC trajectories. It is worth noting that
no electron emission is predicted in this energy
region by first order perturbation theories.

A preliminary analysis of the CTMC events
for many collision systems indicates the pres-
ence of rather long (6-14-fold) Fermi-shuttle
type scattering sequences in the 1-50 keV/u
impact energy region. In some collision sys-
tems, such long games seem to contribute to
the ionization process significantly. A detailed
evaluation of the data is in progress.
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3.14
Charged Ne lons

Fragmentation of H20 Molecules Following the Interaction with Slow, Highly

Z.D. Pesical J.-Y. Chesnelbh R. Hellhammera\ B. Sulik, P. Sobocinskiand N. StolterfohtQ)

The fragmentation of molecules induced by
the interaction of highly charged ions (HCI)
has been investigated intensively in the past
decade. Most of these studies have been
performed with diatomic molecules, especially
with the simplest molecules H2 and D2. In ad-
dition to Coulomb explosion (CE), the energy
of the H+ fragments is influenced by the colli-
sional momentum transfer to the molecule, as
well as by the post-collision field of the scat-
tered slow highly charged ion [1,2]. In this
work, we investigate the molecular fragmen-
tation of H20 molecules, whose applications
are numerous. These experiments were per-
formed using slow, highly charged Neg+ ions
produced by the 14.5-GHz Electron Cyclotron
Resonance (ECR) ion source facility at the lo-
nenstrahllabor (ISL) [3]. The energy of the
projectile was varied from 2 to 90 keV, while its
charge state ranged from 1 up to 9. The exper-
imental chamber with a base pressure below 2
X 10“7 mbar contains an electrostatic parallel-
plate spectrometer, which can be rotated from
18° to 135° with respect to the incident ion
beam direction.

Fig. 1 presents the energy distributions of
ions produced in collisions of 5 keV Ne+ ions
with H20 molecules. The observation angle
was varied from 30° to 60° in steps of 10°.
Two groups of peaks are energetically sepa-
rated: a low energy group (below 100 eV)
which does not show a significant energy shift,
and a group of peaks whose positions are angu-
lar dependent. In Fig.l, the peaks with ener-
gies above 100 eV can be associated to binary
collisions between the projectile and a single
target atom. The scattering of Ne%+ projec-
tiles up to 40° is also a signature of collisions
at small impact parameters with the oxygen
atoms. On the contrary, the presence of slow
species (energies j 100 eV) can be explained by
means of a CE model. In most of cases, these
slow fragments are identified as H+ ions.
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Figure 1. Energy spectra of ions from collisions of
5 keV Ne+ with H20, measured at the observation
angles 30°, 40°, 50° and 60°. The lines are drawn
to guide the eye.

We have also remarked that increasing the
charge state of the projectile, the energy dif-
ference of the peak positions at the largest
forward and backward observation angle in-
creases. Furthermore, the experiment shows
that the angular dependence is more pro-
nounced for decreasing energy of the projec-
tile. Therefore, it is attributed to the influ-
ence of the post-collision field of the scattered
ion. The role of the post-collision interaction
for lighter projectiles has previously been re-
vealed [4]. In the present case, fragment ions
emitted in forward direction are decelerated,
while those emitted in backward direction are
accelerated. The deceleration or acceleration
is stronger if the interaction time and/or the



charge of the projectile increases.

In Fig. 2 (a) we show the projectile charge
state dependence of the differential cross sec-
tions for fragmentation of H20. The energy
of Ne9+ (g=3, 5 7 and 9) projectiles is 21
keV, and the detection angle is 25°. The lines
are drawn to guide the eye. The peak la-
beled Oxygen is due to 0”~+ ions, whereas
the peak Q=0 corresponds to H+ ions orig-
inating from the H++H++0° fragmentation.
The differential cross sections for the produc-
tion of H+ ions, following fragmentation into
H+TH+TO” and/or H++H°+0<3+, are la-
beled Q=1I, 2 and 3 in Fig. 2 (b).

Figure 2. Differential cross sections for fragmen-
tation of H20 molecules by 21 keV Ne9+ at 25° as
a function of charge state of the projectile.

Fig. 2 shows a strong monotonic increase of
the differential cross section for fragmentation
with increasing projectile charge state, which
is especially pronounced for the peaks labeled
Oxygen and Q=0, as well as for peak Q=I. In
particular, the intensity of peak Q=3 (explo-
sion which produces oxygen ions with charge
state Q=3) increases strongly when the inci-
dent charge of the projectile increases from
g=7 to g=9, while its intensity shows only a
slight increase in the range from gq=3 to q=7.
This indicates that an open projectile K-shell
significantly influences the multiple electron
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capture. Here we did not plot data where the
charge state Q of the oxygen fragments exceeds
3. Fragments from this channel are present for
Ne9+ projectiles and this a signature for the
capture of 4 or 5 electrons.

For the projectiles with charge states q=3-
7 prediction of the COB model agrees well
with measured cross sections. In fact, double-
electron capture calculated using the extended
COB model for projectile with charge state
g=3 nearly coincides with the measured value,
while for higher charge states of the projectile
(q=5,7) better agreement of the model with
the experiment is achieved when taking the
sum of double and triple electron capture.

In conclusion, two regions, due to the bi-
nary collisions and Coulomb explosion, are sep-
arated in the energy spectra. Furthermore,
a strong charge-state dependence was found.
The CE model indicates that for low projec-
tile charge states fragmentation to two charged
particles and one neutral particle is domi-
nant, while for high charge states of the neon
ions, fragmentation to three charged particles
is more probable.

The experiments have been performed at
the ECR beamline of the ISL facility in Hahn-
Meitner Institute Berlin. Work was supported
in part by the Hungarian-German S&T Col-
laboration (D17/99).
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3.15 Collisions of Hi and Hs molecule ions with He and Ar targets: Search for
interference effects in the molecular electron emission

B. Sulik, T. Ricséka, Z. Berényi, O. Turdk and N. Stolterfohta)

At the end of 2002, we started a systematic
search for interference effects in electron emis-
sion from molecular ions. The study has been
motivated by recent results in the ionization of
the neutral hydrogen H2. The two atomic cen-
ters in this simple molecule can not be distin-
guished, therefore their electron emission con-
tributions may add coherently. First exper-
imental evidence for such interference effects
has been found in the electron emission spectra
in collisions of very fast and highly charged (60
MeV/u Kr34+) projectiles with H2 molecules
[1] . In subsequent theoretical studies [2,3], the
basic features have been analyzed. In a recent
experimental study, many of their prediction
has been verified [4,5].

Since the simplest molecular system, is not
H2 with two electrons, but the Hi molecu-
lar ion, we turned to study the ionization of
the latter structure. At first sight, the sym-
metries of the H2 molecule are also present in
this one-electron system, but electron-electron
interactions do not alter the picture. In Ref.
[2] , interference in the ionization of the neutral
H2 molecule has been treated within a two-
effective center approximation, which partially
accounted the correlation between the emitted
and bound electrons. It is not clear, whether
interference is only due to symmetry proper-
ties, or electron correlation in H2 also plays a
significant role.

In the beginning phase of the present work,
we studied electron emission from Hi molecule
ions colliding with He and Ar targets (the in-
verse collision system). A beam of 1.5 MeV/u
H 1 ions was directed to gas jet targets, and
electron spectra were collected in the entire
0-180° angular range. The experiments have
been performed at the beamline of a 5 MV
Van de Graaff accelerator in ATOMKI, Debre-
cen. For reference purposes, we also collected
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spectra in collisions of 1.5 MeV H° atoms with
the same targets. The statistics of the aquired
data, however was not enough to perform a
conclusive analysis. Preliminary results have
been published at conferences [5].

In the present stage of the work we ex-
tended our experiments for slower collisions
(0.75 MeV/u Hi + He, Ar). For reference
purposes, we used the one-electron atomic ion
(0.75 MeV/u He+) projectile, whith a signif-
icantly higher beam current than that of the
neutral H atom beam used earlier. We per-
formed long runs to aquire good statistics.
Moreover, we extended our studies to the more
compicated molecular ion (0.75 MeV/u Hi).
This system of three identical centers has never
been studied earlier. The analysis of the col-
lected data is in progress. Preliminary results
[6] for the presence of a secondary scattering
component [5] seem to be verified by the new
data.

We acknowledge support from the Hun-
garian OTKA Grant (T032942 and M27839),
and the Hungarian-German Intergovernmental
S&T Collaboration No. D17/99.

a) Hahn-Meitner Institute, Glienickerstr. 100, D-

14109 Berlin, Germany

[1 N. Stolterfoht et al., Phys. Rev. Lett. 88, 133201
(2002).

[2] M.E. Galassi et al., Phys.
(2002).

[3] L. Nagy et al., J. Phys. B 35, L453 (2002).

[4 N. Stolterfoht et al., Phys Rev. A, 67, 012701
(2003) .

[B] N. Stolterfoht et al., Phys Rev. A, 35, 030702
(2004) .

[6] B. Sulik et al, International Conference of
Photonic, Electronic and Atomic Collisions,
ICPEAC-03, July 23-29 2003, Stockholm, Swe-
den, Abstracts Book, p. WE138

Rev. A 66, 052705



4.1 The effect of iron substitution in Lacs Sro.. Feo.a C0o.e5s O3-j
and Euocs Sro2 Fex Coi_x03_r (0 < x < 0.3) perovskites

Z. Némethal Z. Klencsarbh E. Kuzmanna\l Z. Homonnaya\ A. Vértesab\ G. Gritznerc

K. Kellnerd J. Hakl, S. Mészaros, K. Vad

The Lao.8 Sro.2Fe0.05C00.9503-0 and
Eu0.8Sro.2Fex Co\-x03_5 (0 < x < 0.3) per-
ovskites were investigated by 57/Fe and 15lEu
transmission Madssbauer spectroscopy, 57Co
emission Mdossbauer spectroscopy, as well as
by AC and DC magnetic susceptibility mea-
surements.

At room temperature the oxidation state of
europium in Euo.s Sro.2FexCoi_x0O3_r was
found to be Eu3+ without any hint for the pos-
sible existence of Eu2+. Iron substitution up
to x = 0.3 was found to have little if any ef-
fect on the local electronic state of europium,
showing that independent of the stoichiometry
of the transition metal layer, oxygen coordi-
nation and the electronic state of Eu remains
unchanged. Temperature dependence of the
57/Fe Mdbssbauer isomer shift, quadrupole split-
ting, line broadening and relative spectral area
was determined in a detailed manner in order
to establish possible correlation between the
local state of iron and the bulk magnetic prop-
erties in La08Sr02Fe005C009%503 . We
have found that around a transition tempera-
ture at (= 150 K) the 57/Fe Mdssbauer param-
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eters change anomalously, indicating a change
in the vibrational state of the iron at this tem-
perature. This variation is reflected as well
by the onset of dissipation in the AC suscep-
tibility. We argue that this change may be
a consequence of the formation of Co4+ rich
superparamagnetic clusters and the connected
electron localization in the paramagnetic ma-
trix which segregation is promoted by the iron
doping.

This work has been supported by the
Wissenschaftlich-Technische Zusammenarbeit
Osterreich Ungarn project A-22/01 and by the
project OTKA T037976.

a) Department of Nuclear Chemistry, Eétvos Lorand
University, Pa&zmany P. s. |/a, Budapest 1117,
Hungary

b) Research Group for Nuclear Methods in Structural
Chemistry, Hungarian Academy of Sciences

c) Institute for Chemical Technology of Inorganic Ma-
terials, Johannes Kepler University, Altenberg-
erstrasse 69, A-4040 Linz, Austria



4.2 Solid-state reaction in Ti/Ni thin film system on silicon single crystal

A. Csik, Yu.N. Makogona\ S.lI. Sidorenkoa\ E.P. Pavlovaa\l T.l. Verbitskayaa\ Yu.V. Nesterenko®)

Low electrical resistivity has been a major
consideration in the selection of thin film sili-
cide as ohmic contacts or gates in microelec-
tronics devices [1]. Beside TiSi2and CO0SI2, the
only other silicide which has resistivity near
10 cm is the nickel mono-silicide NiSi [2].
However, NiSi is known to transform to NiSIi2
near 1020 K in the binary system of Ni on Si
[3]. How to stabilize the NiSi to higher temper-
ature has been a subject of wide interest. In
the given work solid-state reaction in thin-film
system 200 nm Ti/200 nm Ni are investigated.
The purpose of work consist in research of in-
fluence of a superficial layer of the Ti on pro-
cesses of silicide formation, in particular, on
increase thermal stability of NiSi.

The layered Ti/Ni films were deposited on
(001) Si wafers by electron beam deposition.
Samples were thermally treated in tempera-
ture range from 470 to 1270 K . For phase iden-
tification in local regions and for microstruc-
ture characterization upon annealing, selected
area diffraction, TEM and XTEM were per-
formed.

During experiments it was established,
that after annealing of initial sample at tem-
perature 473 K there is a formation of the flat
amorphous particles with the size 0.2 nm and
which are not having a precise facet. At rise
in annealing temperature up to 700 K they be-
ing to crystallize in particles of the rectangu-
lar form with the precise facet and the size 400
nm, determined as mono-silicide NiSi phase.
Further annealing of samples at 870 K for 1
hour dose not change qualitatively the phase
structure. Due to further mutual interdiffu-
sion and reaction, the amount of nickel mono-
silicide was increased. After annealing at 970
K for 1 hour the X-ray diffraction data indi-
cated the formation of Ti5SI3 alongside with
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NiSi and NI3TI. It is known that the mono-
silicide NiSi formed in the binary Ni/Si film
system is stable up to temperature of 1020 K.
To study the thermal stability of NiSi in our
sample, we have annealed them at 870 K for
8 hours. From data of X-ray diffraction, we
found that the annealing at 870 K did not
cause essential changes of their phase struc-
ture. Intensive reflection of the phase of Ni3TT,
Ni2Si, NiSi and pure Ti are identified. The
samples showed a sharp reduction of electrical
resistance, which can be explained by the for-
mation of NiSi. After annealing at 1070 K for 1
to 2 hours no change of electrical resistance of
the sample was observed. It confirms the ther-
mal stability of NiSi at 1070 K. Only when the
annealing temperature was increased to 1270
K, the NiSi2 form and the formation accom-
panied by a slight increase of electrical resis-
tance. The improved thermal stability of NiSi
in the annealed 200 nm Ti/200 nm Ni/(001)
Si film system, in comparison with the NiSi
in binary Ni/Si system, is most likely due to
the presence of Ti in the grain boundaries of
NiSi and/or the formation of the intermetal-
lic NI3TI. These data testify that the thermal
stability of NiSi phase formed in the Ti/Ni/Si
is better than the NiSi formed in the binary
system of Ni/Si. We assume that atoms of Ti
in the grain boundaries of NiSi and/or the low
interfacial energy between NiSi and Ni3Ti have
hindered the nucleation and growth of NiSi2-
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4.3 Degradation of Ag/Si multilayers during heat treatments

K. Kaptaal A. Csik, L. Darécziald Z. Pappal D.L. Bekeal

BarberbK M. Kis-Varga

The ability to create interfaces with well-
defined structures is technologically impor-
tant in synthesizing interfacial materials with
unique optical, electronic, catalytic, magnetic
and mechanical properties. On the other hand,
the understanding of growth processes at sur-
faces is important for scientific reasons as well.
During recent years considerable experimental
and theoretical efforts have been focused on in-
vestigation of metal/amorphous Si films that
are miscible (W/Si, Mo/Si, Co/Si) [1]. But
only a few reports about the metal/amorphous
Si multilayers with practically no miscibility [Z]
have been published and our knowledge about
their thermal stability or micro structural de-
velopment is very little so far. Zhao et al. [Z]
have studied the thermal evolution of Ag/a-Si
multilayers and found that the main diffusion
mechanism was the diffusion of silicon atoms
along the silver grain boundaries with a sur-
prisingly small activation energy (0.24 eV) be-
tween 373 and 523 K, the silicon sublayers be-
came thinner and silver sub-layers transformed
into discontinuous ones.

In our experimental studies the microstruc-
tural development during thermal annealing of
Ag/a-Si multilayers were measured by X-ray
diffraction (XRD) and transmission electron
microscopy (TEM). The results show that our
samples are much more stable than those inves-
tigated by Zhao et. al., i.e. any changes of the
multilayer structure occur at higher tempera-
tures. For example, the formation of granu-
lar structure took place at temperatures about
200 K higher than reported in. It should be
noted that, in their samples, the Ag/Si ratio
was larger (as can be seen, in their TEM im-
ages) and their Ag/a-Si multilayers were pre-
pared by ion beam sputtering deposition.

Plan-view TEM observations on a-
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G.A. Langera\ A.L. Greerb Z.H.

Si4.5nm/Ag4.5nm/a-Si4.5nm trilayers showed
that after heat treatment at 723 K for 1 h
in high purity Ar, the Ag layers agglomerate.
The separated Ag particles have diameters
ranging from 10 to 80 nm (the mean diameter
is about 50 nm). This degradation process was
much faster than in the multilayer system for
the same layer thickness. This fast granulation
can be caused by the mechanical stresses (as-
deposited or induced by the diffusion process).
Furthermore, on the basis of the details of
structural changes observed we emphasize that
estimation of any diffusion coefficient from the
usually applied decay law, according to which
the In(1/10) versus time (f) function propor-
tional to D/J12, is very questionable [3]. Indeed
this relation can be applied only if the pro-
cess is a gradual smoothening of the interfaces
(with a unique diffusion mechanism and con-
centration independent coefficient [3]), which
results in a formation of solid solution. Thus
it would lead to unrealistic results if applied to
the degradation process observed by us, and
characterized by grain-boundary pinhole for-
mation and granulation of the silver layer.
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4.4 Effect of hydrostatic pressure on crystallization and decomposition in amor-

phous Si/SiSb/Si system

Z. Pappal A. Csik, G. Erdelyia\ G.A. Langera\ D.L. Bekeal L. Daroczia\ A. Simon, K. Kaptad

Si-based amorphous alloys are receiving
growing attention and they have extensively
studied and utilized because of their electronic
and optical properties. Investigations concern
the electronic and optical properties of the
alloys. However, the subject related to the
amorphous-crystalline transition, segregation,
decomposition and diffusion still has numerous
unanswered question. The thermal stability
of Si-Sb amorphous alloys was investigated in
Refs. [1,2]. According to Ref. [1], the crystal-
lization temperature decreases monotonically
from 1073 K (pure Si) to 623 K for 50 at.%
Sb/Si amorphous alloy. The crystallization
products were found to be nano-crystalline Si,
Si-Sb mixture or Sh, depending on the initial
composition of the alloy.

Amorphous Si/Sb monolayer-, Si/SiSb/Si
trilayer- and Si/SiSb multilayer-films were de-
posited by alternate sputtering of pure ele-
ments Si and Sb in a DC magnetron sputter-
ing onto Si substrate. Annealing treatments
were performed at temperature of 883 K in
vacuum (p?e5-10-7 mbar) or in Ar atmosphere
at 1 bar, 100 bar and 4.7 kbar pressure for 2
hours. The samples before and after anneal-
ing was investigated by transmission electron
microscopy (TEM) and Rutherford backscat-
tering spectrometry (RBS).

Originally our aim was to investigate the
role of the interface in the intermixing in mono-
tri- and multi-layer Si/SiSb system. Instead of
formation of a homogenous crystalline Si, SiSb
mixture we realize a characteristic pattern for-
mation in the Sb containing layer. The distri-
bution of the Sb-rich regions was not random,
but the density of these regions was higher at
the amorphous-crystalline interface and in the
middle of the Sb containing layer, forming a
striped morphology. Furthermore, during an-
nealing of Si/SiSb amorphous samples under
hydrostatic pressure a crystallization of the
amorphous SiSb layer was observed, while the

44

pure Si layers remained amorphous. The trans-
formation at the given temperature strongly
dependents on the initial Sb concentration of
the SiSb layers and the applied hydrostatic
pressure. In the case of the trilayer film,
the final morphological patterns with three
stripes parallel to the substrate surface refers
to a spinodal-like decomposition. This striped
morphology can only observed in trilayer-type
samples. Neither multilayer nor monoleyer ar-
rangement, independently of the Sb concentra-
tion, show such type of behavior. TEM and
RBS studies revealed that the decomposition
of the SbSi layers occurs but the Sb-rich re-
gion show random distribution, so the striped
morphology cannot be seen.

On the other hand, the concentration dis-
tribution and the number of maxima does not
change when the thickness of the middle SiSh
layer was increased. This experimental find-
ing does not support the spinodal character of
the decomposition. The observed phenomena
and the striped morphology of the final state
can be explained by segregation, diffusion and
crystallization. Because of size effect, a rather
strong tendency for segregation of Sb can be
expected. Diffusion and segregation may occur
in the amorphous state, which will be accel-
erated by the formation of grain boundaries.
The enrichment of Sb along the crystalline-
amorphous interface could be explained by seg-
regation, but the explanation of the concentra-
tion maximum (stripe) in the middle of SiSb
layer needs more sophisticated consideration.

a) Department of Solid State Physics, University of
Debrecen, P.O. Box 2, H-4100 Debrecen, Hun-
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4.5 Determination of the alloying elements in Hungarian beaker metallurgy by

XRF analysis

E. Baradacsb I. Uzonyial A.Z. Kissabh Z. Dezséb L. Reményic\ I. Montero”

The so-called Bell Beaker culture spread
into Europe, especially the western areas, in
the first half of the 3rd millennium BC. A
group of this culture came in to the Carpathian
Basin along the Danube. Burials and in-
creasingly large numbers of settlements have
come to light in the area around Budapest.
The metal artefacts of the Bell-beaker culture
in Hungary have not been subjected to ar-
chaeometallurgical examinations yet. Thus de-
tailed study of this baker metal technology has
been started on some metal objects found re-
cently in an excavation.

For non-destructive elemental analysis of
the artefacts both the energy dispersive X-ray
fluorescence (XRF) spectrometry and the pro-
ton induced X-ray emission (PIXE) method
with external proton beam was possible. From
comparative measurements using standard set
up and measuring time for each technique it
was concluded that XRF, which in addition
gave an average of the elemental concentra-
tion on a few cm2 surface, is more sensitive
for the heavy trace elements in the samples
than PIXE, thus for further analysis XRF was
chosen.

The radioisotope excited XRF measure-
ments were performed using the 59.5 keV
gamma-line of the annular 241Am source. The
X-ray spectra were collected by a Si(Li) de-
tector with an energy resolution of 190 eV for
Mn-KQ X-rays. The typical measuring time
was 50000 s. The characteristic X-ray spec-
tra obtained from the samples were evaluated
by non-linear least-squares fitting, using the
Axil X-ray analysis software. Table 1 (see next
page) presents the results of the quantitative
analysis.

The main purpose of the analyses was to
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examine if there existed a similarity in the
composition of the finds. For that purpose
the similarity dendrogram of the object was
produced by mathematical statistical method
(Fig. 1).

The analytical results were separated into
four groups:  Group 1: AL330, AL420,
AL784, AL343; Group 2: BM68113, BM68115,
BM145, SV7, SV80; Group 3: CR331; Group

360bj, ALGS.

Cluster Tree

Figure 1. Comparison dendrograph of compo-
nents of the 12 artifacts (Case Ne identified in Ta-
ble 1)

The discussion of the analytical results, in-
cluding the detailed description of the archae-
ological finds, have been presented on the Int.
Conf. on Archaeometalurgy in Europe, 24-26
Sept., 2003, Milan, Italy.

This work was supported by COST Action
G8.
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Table 1 . Data on the contents of Szigetszentmiklos, Albertfalva, Békasmegyer and Csepel artifacts by XRF
analysis (% of weight).

Ne Identity Object Site Cu Ag Sn Sb Pb  As
4 360bj Roll-headed pin Albertfalva 85.312 1923 6.783 1264 0348 4.37
5 AL68 Awl Albertfalva 05918 0192 3015 0021 0544 031
9 CR331 Dagger Csepel 97192 2260 0.037 0.319 0192 nd
10 BM145 Dagger Békasmegyer 98.167 0.290 0.837 0.470 0236 nd
1 Sv8o Dagger Szigetszentmiklés 98,576 0.933 0.066 0.178 0.246 nd
12 BM68113 Awl Békasmegyer 99.382 0.188 0.082 0.021 0.327 nd
11 BM68115 Dagger Békasmegyer 99.407 0.260 0032 0.061 0240 nd
2 Sv7 Dagger Szigetszentmiklés 99.717 0112 0.043 0.015 0.113 nd
3 AL343 Pinhead Albertfalva 99.806 0.050 0.034 0.004 0.107 nd
8 AL784 Frag, object Albertfalva 99.839 0.003 0.038 0002 0118 nd
6 AL330 Pin Albertfalva 99.921 0.005 0.010 0.002 0062 nd
7 AL420 Ring Albertfalva 99.959 0.004 0.024 nd 0013 nd
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4.6 Surface analytical study of ZnO, CuO and A0 using a special XPS-XAES

X-ray source .
J. Téth, D. Varga, L. Kovér, 1. Csemy

In this study a combination of a home built
conventional X-ray Photoelectron Spectroscopic
(XPS) X-ray source with a specially designed
“hard” X-ray source for the excitation of Auger
lines of the few keV energy range is presented in-
cluding the main characteristics of the two X-ray
tubes.

The home built XPS-XAES-REELS (XAES:
X-ray Excited Auger Electron Spectroscopic;
REELS: Reflection Electron Energy Loss Spectro-
scopic) instrument (ESA-31) [1] equipped with the
mentioned special X-ray sources has been used for
studying different materials: semiconductors, 3d el-
ements, etc.

By the help of the ESA-31 XPS electron
spectrometer [1,2] with different X-ray excitation
sources (anodes: Al, Ag, Mo, Cu), the PAX (Pho-
toionization by X-ray Absorption) method, as a
high energy resolution X-ray spectroscopic method,
the natural line widths of atomic inner shells [34]
were studied.

The methods for energy calibration of the elec-
tron spectrometers in the high-energy range using
relatively high energy X-ray excited photoelectron
lines [5] and Auger lines [6] are also discussed.

The “XS by XPS” method was used for the
determination of intensity ratios of different x-ray
lines providing important information for quantita-
tive analysis. Different converters (samples) were
used for this purpose: A1203, ZnO and CuO in
powder form pressed into a pellet and stuck onto a
double-sided sticky tape.

For measurements of detection efficiency of the
spectrometer the REELS spectra [7,8] of the Ni
specimen was used.

The chemical state and composition of the ma-
terials ZnO, CuO, A1203 was verified using con-
ventional Al K excited photoelectron spectroscopy.

Assuming that the stoichiometry, the photoion-
ization cross sections and the efficiency correction

factors are known, the energy dependence of the
ratios of the respective inelastic mean free paths
can be determined in the high energy range us-
ing various energy (e.g. Mo) X-rays for excitation.
The energy dependence of the IMFP determined
by EPES method [9,10,11,12,13,14] and the present
XPS method are compared and discussed.

Experimental methods used

In the present study surface electron spectro-
scopic methods of XPS (X-ray Photoelectron Spec-
troscopy, XAES (X-ray excited Auger Electron
Spectroscopy, REELS (Reflection Electron Energy
Loss Spectroscopy, EPES (Elastic Peak Electron
Spectroscopy) were used.
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5.1

The Origin and Mixing of Water in Catchment Area of Main-channel Lényai

Zs. Szanto, I. Futd, L. Palcsu, E. Svingor, M. Molnar, L. Rinyu

The goal of the national project enti-
tled Hydroecology of River Tisza and Upper
Tisza-Region (NKFP-3B/0019/2002) is to pro-
vide scientific foundation of the hydroecologi-
cal state assessing, monitoring and databank
organising program of River Tisza and Up-
per Tisza-Region supplementing with pilot-
projects of practical realisation. In the first
phase of this project our task was the inves-
tigation of the origin and mixing of water in
the catchment area of Main-channel Lonyai.
For this aim stable isotope ratios ( <GQ 4sO0,
KN, &84S, &3C) were measured in water and
sediment samples taken from the catchment
area of Main-channel Lényai. Three samples
were taken from the main channel, and two
side channels were represented by 2-2 samples.

Naturally occurring stable and radioactive
isotopes of the elements of the water molecule
(water isotopes) and the compounds dissolved
in water have increasingly been used to study
hydrological, hydrochemical and environmen-
tal processes in rivers and their catchment ar-
eas. The most frequently used isotopes and
their applications are the following:

Isotopes  Application

Til'H Water balance & dynamics in river
catchments, basins and estuaries;
surface-groundwater interrelation

jac/mic Riverine carbon cycle; weathering pro-
cesses; pollution; biological processes

1SN /14N Pollution; biological processes

IBo / 1B Water balance & dynamics in river
catchments, basins and estuaries;
surface-groundwater interrelation

3A4S/3]S Pollution; salt depositional processes

Special emphasis was placed to the water
isotopes tritium and 180 because of their spe-
cific potential in addressing water balance, dy-
namics and interrelationships between surface
and groundwater inriver basins and catchment
areas.

The most negative SISO values were mea-
sured near the sources of the two side channels:
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both of them had €80 = -9.7%o0. This value
is characteristic for the deep groundwater in
Nyirség [1-2]. In a distance of several kilome-
ters from the sources the water in both of the
channels had less negative delta values than at
their origin. It means that the channels were
fed by direct overland runoff during their route
and no subsurface water was added.

Main-channel Lonyai carries large amount
of communal wastewater to River Tisza. The
measured delta-values showed a large inflow
from subsurface water body between Kék and
Ibrany. The ‘5N value of the dissolved ammo-
nium measured at Ibrany indicated presence
of manure, so the water came from commu-
nal wastewater. The d180 value of the water
sample taken near the channel-mouth showed
that the water was mainly of subsurface origin
with a small contribution of overland runoff,
and the effect of evaporation was insignificant.
The tritium content of this water was ~ 0.1
Bg/l. The annual average of tritium concen-
tration in precipitation in Debrecen [3], as well
as the tritium concentration measured in River
Tisza at Tiszabecs is about ten times higher: ~
1 Bg/1. It supports the conclusion drawn from
the stable isotope results: the water used for
communal purposes originates from old, deep
subsurface water body.

C, O and S isotope ratios measured in
sediment samples were similar to each other,
mixing of organic and inorganic compounds
could be observed.

[1] Hertelendi E., lzotopanalitikai céli mlszer és
moadszerfejlesztések és azok alkalmazésa-inak
eredményei. Kandidatusi disszertacid. Atomki,
Debrecen (1990)

[2] E. Hertelendi et al., Proc. Int. Sym. on lso-
tope Techniques in Water Resources. Vienna,
Austria, 11-15 March, 1991. Vienna, IAEA, 603
(1992).

[3] Palcsu L., A nemesgaz-témegspektrometria
hidroldgiai és atomerémdvi alkalmazasai. PhD
értekezés. DE TTK, Debrecen (2003)
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5.2 Investigation of headspace gas of low and intermediate level radioactive waste
containers (Theses of the PhD dissertation)

M. Molnar

I developed the first reliable gas-sampling
devices and sample pre-treatment methods for
the case of investigated real L/ILW waste pack-
ages. Using these devices and methods | car-
ried out successfully repeated sampling and
measurements of twenty-five L/ILW drums
of Paks NPP for wide range storage period.
For the first time | carried out post closure
headspace gas sampling and analysis from two
near surface L/ILW vaults of the CRWTDF of
Hungary (closed in 1972).

Using a special calibration method a
quadrupole mass spectrometer was applied for
the qualitative and quantitative composition
variation measurements of headspace gas sam-
ples from real L/ILW drums and vaults. Only
small carbon-dioxide surplus was measured in
the headspace gas of the investigated vaults.
The detected generated gas components in the
investigated drums were: hydrogen, methane
and carbon-dioxide, depending on the type of
the waste. Hydrogen production was typical
of compacted waste drums with 1-10% H2 con-
centrations of theirs headspace gas. Methane
production was typical of sludge waste drums.
After a few weeks storage the CH4 always be-
comes the main component of their headspace
gas. Carbon-dioxide gas production with vari-
able rates is a general phenomenon in waste
drums. The obtained results represent the in-
put data for further gas generation models.

I developed a sample pre-treatment
method and device for isotope-analytical mea-
surements of headspace gas samples. This de-
vice is suitable for converting water vapor, hy-
drogen, methane and carbon-dioxide fractions
of gas samples into proper chemical forms for
isotope analytical measurements, like 3H and
14C activity or H3C and &80 stable isotope
ratio measurements.

Using my experimental data of composition
variations of headspace gases of L/ILW drums
for longer than two-year storage period, for the

49

first time I made calculations to determine gas
generation rates in the case of applied packag-
ing method of Paks NPP. My results show that
the typical gas generation rates (VGas) were
v#2: ~ 0.1-10 STD cm3/day, vch4- ~ 10-
1000 STD cm3/day and vco2: ~ 1-100 STD
cm3/day, depended on the type of the waste.

On the basis of BHe, 513C and <880
stable isotope ratio measurements from the
headspace gas of L/ILW packages | ascer-
tained:

* presence of a-emitter in the L/ILW,

» presence of large amount of 3H in the
L/ILW,

» out crowding rate of original headspace
gas (air),

« the possible sources of CO2and CH4 gen-
eration.

I measured the 3H and 14C activity con-
centrations in hydrogen, water vapor, methane
and carbon-dioxide from the headspace gas
of L/ILW packages. The tritium activity
concentrations of headspace gas samples var-
ied in large scale for different waste types
and individual drums. The maximum mea-
sured value was 13Bg/L in the case of a non-
compacted waste drum. The maximum value
for investigated vaults was 8.8 Bg/L. Differ-
ent radiocarbon activity concentrations were
detected in the headspace gas samples from
carbon-dioxide as well as methane fractions.
The maximum measured activity concentra-
tion was ~2700 Bqg/L in the case of a non-
compacted waste drum, but the typical values
were less than 100Bg/L. The maximum 14C
activity concentration was 61.8 Bg/L in the
investigated vaults. These experimental data
could be applied for further calculations of ra-
dioactive gas release from different facilities in
the course of their safety assessments.



5.3 Application of total soil organic matter dating in kurgan studies

M. Molnér, K. Jo6,a) A. Barczi,a) Zs. Szanto, |. Futd, L. Palcsu, L. Rinyu

The isolated hillocks called "kurgans” be-
long to the landscape of the Great Hungarian
Plain. Some of them were settlements in the
ancient time. This structure of settlements ex-
isted at two periods of the prehistoric age: late
new Stone Age and early and middle Bronze
Age. Nowadays kurgans represent significant
value in archaeology, botany, landscape and
soil science.

The investigated Csip&-halom is one of the
kurgans served as burial place. It is located
in the Hortobagy area of the Great Hungari-
an Plain. Kurgans in Hungary were generally
built from surrounding soil. In general after
building up the mound the basic rock appeared
on the surface around, on which the new soil
formation could began. Under the mound the
several thousand-year-old soil surface has been
buried so it preserves the soil forms that ex-
isted in the time of mound’s birth, while the
distant surroundings of the mound developed
forth and shows the marks of soil formation
since then.

For pedological description of the mound
and its surroundings soil samples were taken
by auger sampler. On the basis of their mor-
phological and visual studies the structure and
layers of the mound could be reconstructed.
Sample selection for 14C dating based on visu-

ally observed stratigraphic changes in the im-
portant reference layers.

Radiocarbon measurements of soil samples
were performed by the Laboratory of Environ-
mental Studies of the INR/HAS. After remov-
ing inorganic carbonate fraction and the recent
macroscopic biomass fragments, a wet oxida-
tion of previously air-dried soil samples were
carried out and the produced CO2 gas was col-
lected in Ba(OH)r traps. Using 250g soil sam-
ple the bulk combustion pre-treatment method
provides enough gas (minimum 0,04 mol) for
reliable measurement with the gas propor-
tional counters used for radiocarbon dating.

The measured 14C ages of soil samples from
reference points, such as the top layer of the
mound (modern soil) (1200 BP), the centre of
mound body (anthropogenic layer) (5630 BP),
the base layer of the mound (paleosoil) (6040
BP), the near surroundings (810 BP) and the
distant surroundings (2210 BP) are in good
agreement whit the preliminary archaeological
concept for this field and give substantial infor-
mation about the rate of soil generation pro-
cesses in this area (Figure 1.).

a) Szent Istvan University, Department of Landscape
Ecology H - 2103 Go6doll6 Pater Karoly u 1
Hungary

Figure 1. Schematic drawing of recorded main layers in the mound and the surroundings area
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5.4 Isotope Studies of a Groundwater-flow System in Granite, Middle Hungary

L. Palcsu, Zs. Szantd, M. Molnér, I. Fut6, L. Rinyu, I. Horvathal 1. Fdrizs

In Hungary a great research project is go-
ing on to find the most suitable site for a
low and intermediate level radioactive waste
repository. A granite complex located near
Béataapati, between the Mecsek Mountains and
Szekszardi Hills in Middle Hungary seems to
be the best geological formation for this pur-
pose. One of the most important questions in
the preliminary safety assessment is how the
water moves in the granite rock.

The granite body was produced in the Car-
boniferous. It is covered by 30-70 metres
of Holocene and Pleistocene loess sediment.
The peripheral part of the granite is fractured
whereas the inside one is unaltered. The flow
velocity in the compact granite is very low,
about 10-9 m-s-1, but in fractured granite it
may be higher. The properties of the flow
system were investigated by isotope measure-
ments (tritium, 14C, 413C, <l &80, noble
gases, etc.) of groundwater samples from the
boreholes drilled 350-400 metres deep into the
granite.

Two groups of boreholes were distinguished
in the data evaluation: boreholes at the top of
the hill, and boreholes in the valley. In the
first group the wells were deep (down to 400
m), while the wells in the valley were relatively
shallow (180-200 m). All samples, mostly in
the shallow ones, contained more or less tri-
tium. It is natural in case of water tables
close to the surface, but in the deeper lay-
ers it can be the remains of the drilling wa-
ter. The tritium content decreased with the
depth. It can be also seen that the water be-
came older with increasing depth according to
the radiocarbon ages, which increased to 21-
22 ky. Two boreholes in the valley provided
also very old water, the age of the water from
150-160 m in well Uh-30 was the oldest one
(38.2 ky). The isotope ratios of deuterium
and oxygen became more depleted with in-
creasing depth (—70%o to —99%0, and —0%0 to
—14%o, respectively). This implied that water
in deeper layer infiltrated under colder climate.
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The &3C showed an inverse behaviour: the 5
values of carbon isotopes became less depleted
with increasing depth (—14%o to —1%c). The
results can be explained with the dissolution of
hydro-carbonates from the hostrock containing
&3C values close to zero. This fact also con-
firms that the water samples from the deeper
region were very old. The radiocarbon ages as
well as the decrease of hydrogen and oxygen
isotope ratios with increasing depth allow us
to suppose that the water in the deepest layer
infiltrated before the Holocene.

In three cases it was possible to take noble
gas samples. Table 1shows the helium concen-
tration and isotope ratio (3He/ 4He=R divided
by the atmospheric ratio Ra) data of the sam-
ples, which came from the deepest water layer.
These helium data are correlated with the ra-
diocarbon ages: the oldest water (Uh-30 with
38.2 ky) contained the most helium, while the
less helium was in the water sample from the
shallow borehole (Uh-35, filtered between 30
and 44.2 m).

Table 1. Helium data of water samples of three
boreholes from the deepest layer

Sample R/Ra Helium 14C age
Identifier (ccSTPtfe/g#20) (ky)
Uh-35 0.548 8.7-10-7 .
Uh-27 0.026 5.0-10-6 14100
Uh-30 0.014 3.7-10-5 38200

Holocene water can be found in the upper and
peripheral part of the granite body, but in the
deeper part of the bulk pre-glacial waters appear.
Transport model calculations are in progress to de-
termine the flow-paths. On the basis of isotope
data we can assume that the water does not flow
in the inner part of the granite bulk and so the
field is suitable for repository from hydrogeological
point of view.

a) Geological Institute of Hungary Stefénia Gt 14, Bu-
dapest, 1143 Hungary

b) Research Centre of Earth Sciences ofthe Hungarian
Academy of Sciences, Laboratory for Geochem-
ical Research, Budadrsi Ut 45, Budapest, 1112
Hungary
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(Theses of Ph.D Dissertation)

L. Palcsu

| have initiated the measurement of low-
level tritium concentration in water samples by
helium-3 ingrowth method in our institute. |
have introduced the application of metal con-
tainers equipped with metal valve. | have
demonstrated the advantage of metal contain-
ers in contrast with glass bulbs. | have con-
firmed the reproducibility of the tritium mea-
surement, and | have proved that the accuracy
was higher and the detection limit was lower
using my method than in case of other ap-
plied techniques. The detection limit is 0.003
+ 0.001 TU.

I have demonstrated the role and the sig-
nificance of the low-level (jlI TU) tritium mea-
surement in investigations of aquifer vulnera-
bility on the example of Kdétaj aquifer. | have
observed that a 163 m deep well contained too
much tritium (0.23 + 0.07 TU) compared to
the other wells, which indicated that the well
was overexploited.

I have demonstrated the role and the im-
portance of tritium measurement in complex
hydrological analyses on the example of aquifer
under Pispokszilagy Radioactive Waste Treat-
ment and Disposal Facility. The recharge to
the aquifer in the Némedi side of the hill is
very limited. The shallow wells at the valley of
Némedi and the Szilagyi stream contain water
mixed with precipitation. | have assessed that
the potential radioactive contamination could
move rather toward the Sziladgyi stream than
toward Némedi stream.

I have taken the time series of the stable
isotope ratios and tritium in precipitation in
2001. I have provided hydro-meteorological ex-
planations of the changes in the tritium con-
centration and stable isotope ratios of rain-
water and snow. The T, dD and d180 val-
ues followed the seasonal change. The tritium
amount of the precipitation depends on the
weather situations as well as the quantity of
the precipitation. On the basis of these pa-
rameters | explained the short-term changes
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in tritium concentration.

I have found that the rock containing ura-
nium ore was in connection with a part of
the aleurolite formation under the uranium
mine in the Mecsek Mountains. On the ba-
sis of helium and argon data I could separate a
group, in which the water had significant radio-
argon content and relative low amount of he-
lium. Furthermore, the water in this group
were mixed with young water including tri-
tium. On the basis of these observations | have
concluded that that part of the alpha-tunnel
drilled to the aleurolite formation, where the
D5- and D6- sampling points were located,
were the most suitable for waste repository,
since this area hardly was in connection with
the uranium mine-shafts.

By analyses of dissolved noble gases in
thermal water (sampled by copper tube) |
could declare that these water samples were
very old. | have found considerable amount of
helium, by which | have determined helium-
ages. The helium-ages varied from 44,000 to
3 million years, which were virtually inconsis-
tent with the several 10,000 years radiocarbon
ages. The reason of this inconsistency is that
the radiocarbon age is an average age of a wa-
ter body, which may be a mixture of waters of
different ages, while the helium content shows
a maximum age.

| have detected fission origin xenon isotopes
in the heat carrier of the reactor-3 of the nu-
clear power plant of Paks, which indicated the
damage of some fuel elements. On the basis
of xenon isotope ratio data | have concluded
that the damaged fuel element was installed
on summer in 1999.

I have determined the dynamic adsorption
coefficient of three different types of activated
charcoal for xenon and krypton at room tem-
perature. | have found that the gas retention
ability of the charcoal depends on the mois-
ture of the charcoal, the specific surface and
the distribution of the pore size.



5.6 The safety assessment methodology used in Hungary for a new LLW/ILW

repository

Zs. Szant6, K. Bércia\ E. Svingor, I. Fut6, L. Rinyu, L. Palcsu, M. Molnar

In Hungary the site exploration for a new
LLW/ILW repository implies four stages: re-
gional screening, site selection, site character-
ization, safety assessment. The safety as-
sessment supports the review and judgment of
the regulatory authority on the acceptability of
the site and supports decision-making on the
construction or rejection of the facility.

The safety of radioactive waste disposal fa-
cilities can be evaluated by using safety assess-
ment methodology. In this context safety as-
sessment means evaluation of the actual and
potential hazards to human health and the en-
vironment associated with the natural evolu-
tion of a radioactive waste disposal facility over
time, and with events, both deliberate and ac-
cidental, which could affect its integrity.

At Uveghuta, safety assessment is used to
determine the feasibility of the site for con-
struction of the disposal facility, to direct site
investigations and to assist in initial decision-
making. Moreover, safety assessment has the
major objective to assist in system optimiza-
tion and facility design.

In a safety assessment, it is often important
to evaluate the performance of the disposal
system under both present and future condi-
tions, including anticipated and less probable
events. This means that many different factors
must be taken into account and evaluated in a
consistent way. This is often achieved through
the formulation and analysis of a set of sce-
narios. A scenario is a hypothetical sequence
of features, events and processes, and is one
of a set devised for the purpose of illustrating
the range of future behaviours and states of a
repository system, for the purposes of evaluat-
ing a safety case.

A common element in many scenario gener-
ation methodologies is the initial construction
of a list of all features, events and processes
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(FEP list), which could directly or indirectly
influence the disposal system and the migra-
tion and fate of radionuclides within it.

The general objective of a safety assess-
ment is to determine what impact the disposed
waste will have on individuals and their envi-
ronment as a function of time. This requires
consideration of how radionuclides may be re-
leased from the disposal facility, the pathways
along which they can migrate, and their im-
pacts on human. To achieve this, we have to
develop the disposal system.

The disposal system - taking into account
its temporal and spatial extent - can be de-
scribed by the following components:

Internal components: waste characteris-
tics, facility characteristics, engineered barri-
ers (chemical and physical characteristics), hu-
man habits and behaviour, doses, near field,
the geosphere, the biosphere etc.

External components: other characteristics
of the disposal system, geological processes and
events, climatic processes and events, future
human actions, other factors

These components lead to a three-layer cat-
egorisation based on:

» Disposal System Domain: Radionu-

clide/Contaminant Factors;

» Disposal System Domain: Environmen-
tal Factors;

« External Factors.

A fourth category, called the assessment
context might be associated to these three lay-
ers (related to i.e. regulatory time periods,
characteristics of critical groups, future human
population).

a) ETV-EROTERV Rt.



5.7 Decision process and prioritization of safety assessment activites

Zs. Szantd, E. Svingor, |. Futd, L. Rinyu, L. Palcsu, M. Molnar

Within the ASAM project (Application
of Safety Assessment Methodologies for Near
Surface Disposal Facilities) coordinated by the
IAEA the role of the Common Application
Aspects Working Group is to investigate the
treatment of common issues in post-closure
safety assessment of near surface disposal facil-
ities with the aim of providing practical guid-
ance on the treatment of these issues. The
working group considers among others the pri-
oritization of safety assessment activities.

The objectives of the work are to:

« define the issues and concepts associated
with the prioritization of safety assess-
ment activities;

» summarise the methodological and an-
alytical approaches used to address the
prioritization of safety assessment activ-
ities in international guidance and in pre-
Vious assessments;

» document the advantages and disadvan-
tages of the various approaches;

* identify the similarities and differences of
the various approaches;

* identify areas of consensus and pro-
vide recommendations on prioritization
of safety assessment activities.

Decision making is the process of develop-
ing a set of possible alternative solutions and
choosing one or more alternatives from that

set. In general, decision making involves four
steps:

* identifying the problem
* generating alternatives
* selecting an alternative

» implementing the solution
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Strictly, the prioritization is employed only
within the process of selecting an alternative.
However, the attributes of different approaches
to prioritization cannot be discussed outside
the overall decision process.

A draft paper on the decision process, pri-
oritization methods and considerations was
written and sent to all group members for re-
view and comment. A questionnaire was sent
them also to obtain valuable input from all par-
ticipants. Feedback on the prioritization ques-
tionnaire and review comments on the draft
position paper were the basis for the sum-
mary of the methodological and analytical ap-
proaches used to address the prioritization of
safety assessment activities in previous assess-
ments, with special attention given to the simi-
larities and differences between the various ap-
proaches.

Within the context of near surface dis-
posal there are a large-number of activities
that could and should be prioritized at ev-
ery phase of facility development (additional
site characterization, design changes, changes
to the waste acceptance criteria, remediation
etc). When the need for additional activi-
ties is driven by external concerns unrelated to
the safety assessment results, a wide variety of
approaches have been used and/or were pro-
posed. In general this means the case where
the safety assessment results meet the safety
standards but the project team believes that
additional studies are needed to ‘validate’ the
safety assessment models. These activities in-
clude the above mentioned site characteriza-
tion, facility design changes, etc. and in ad-
dition include activities to influence the pub-
lic opinion regarding to the facility, the safety
assessment, and issues involving radiation in
general. ldentification of which of these ac-
tivities might be most successful generally re-
lies on a combination of qualitative and sub-
jective judgements combined with quantitative
approaches such as uncertainty and sensitivity
analysis.



5.8 Determination of elemental abundances in impact materials by micro-PIXE

and micro-SRXRF methods

I. Uzonyi, Gy. Sz66ra\ B. Vekemansb L. Vinczeb P. R6zsaa\l Gy. Szabd, A. Somogyic\

F. Adamsh A.Z. Kiss

The most famous and well-preserved mete-
orite crater in the world is the Barringer Me-
teor Crater (Arizona, USA), which was cre-
ated by the Canyon Diablo Meteorite approx-
imately 50,000 years ago. The meteorite is
supposed to be a fragment of a small asteroid
of our solar system. During the impact event
the matter of the projectile mixed with that
of the target rocks forming breccias, slag and
spherules. Until now our group has devoted
much effort to the elemental characterization
of impact materials collected from the ejecta
layer of the crater. In this report the authors
present analytical data on the meteoritic com-
ponent of some selected magnetizable impact
objects (see Fig. 1), thus providing informa-
tion on the elemental abundances in the pri-
mordial planetary matter.

For the non-destructive characterization
of the impact materials a combined micro-
PIXE and micro-SRXRF technique was ap-
plied, which is described elsewhere in this An-
nual Report.

Figure 2 shows element abundances in the
samples normalized to CI chondrite abun-
dances and Fe. This figure suggests that abun-
dances of elements above Fe tend to correlate
with their atomic number for all the three sam-
ples. The high Nb abundance is characteristic
for all of the three samples. It may come from
the target rock (possibly from its zircon), es-
pecially for sample Il and Ill, and it may be
in connection with the troilite (FeS) phase of
the Canyon Diablo iron meteorite detected in
sample .

Patterns of the element abundances of the
samples are quite similar, however, low abun-
dances of Ge, Sr, Y and Zr in sample | are
characteristic. Low Ge abundance in sample
I is in agreement with previous measurements
on bulk meteorite indicating that abundance
of this volatile siderophile element may be de-
pleted by orders of magnitude relative to Fe.
Higher Sr, Y and Zr abundances in samples
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Il and 11l as compared to sample | may be
attributed to the incorporated target sedimen-
tary rocks.

(This work was submitted for publication
to Spectrochimica Acta Part B).

Figure 1. Image of a studied magnetizable
rounded microobject with slag (Sample II).

Figure 2. Element abundances in samples I, Il
and 111 normalized to Cl abundances and Fe.
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5.9 Radon in the air of wine cellars

I. Csige, I. Hunyadi and P. Szerbin

Introduction

In spite of the strong interest to the health
effects of radon and radon progeny in under-
ground mines, dwellings, and some specific
workplaces such as spas and caves there are
still some unexplored workplaces seem worth
of attention. Such workplaces are the wine cel-
lars, where the atmosphere can contain radon
and radon daughters at high concentrations.

The aim of the study was to identify the
radon level differences between cellar types,
variation of the radon concentration, and to
estimate the dose to the workers. The study is
in progress, the presented data are the prelim-
inary results of the investigations.

Measurements

We have measured the 222Rn activity con-
centration in the air of 60 wine cellars in
the Tokajhegyalja and Villany wine regions
of Hungary with Radamon type etched track
radon detector [1]. Exposure period was 3
months in the spring and summer seasons of
2003.

We have also used an ionization cham-
ber type continuous 222Rn-monitor (Alpha-
GAURD PQ222, Genitron Instruments, Ger-
many) to study temporal variation of 222Rn
activity concentration in a selected wine cellar
in the Tokajhegyalja wine region. This instru-
ments also recorded temperature, atmospheric
pressure and relative humidity data.

Results and Discussion

Etched track detector data revealed that
22Rn activity concentration in the air of wine
cellars spreads over a wild range starting from
ambient outdoor concentration of 6 Bqm-3 up
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to 6 kBgm 3 characteristic for natural caves

2.

Temporal variation in the selected cellar is
presented on Fig. 1. It is clear, that the 22Rn
activity concentration in the air of this wine
cellar varies inversely with the variation of the
atmospheric pressure.

fleee fxq

01““*1m‘1°‘1mll’ lmm*
May 1 8 May 15 May 22

Apr 24 May
Date, 2003.

Figure 1. Temporal variation of atmospheric pres-
sure and 222Rn activity concentration in a wine cel-
lar of the Tokajhegyalja wine region in Hungary.

Earlier we have observed similar phenom-
ena in caves connected to the surface with ver-
tical shafts only [2]. It suggests that relatively
large volume of pore space of the embedding
rock communicate with the volume of the cel-
lar induced by the variation of the atmospheric
pressure.

OTKA T-029306 supported this work.

a) OKK-0OSSKI, 1221 Budapest, Anna u. 5.
[ I. Csige et ai, Radiat. Measur. 34, 437 (2001)

[2] J. Hakl et ai, Radiat. Measur. 28, 675 (1997)



5.10
using radiotracer technique

Z. Dezs6a A. BihariT. Cseszkob) and Sz. Szab6”

Quantitative data on long-term soil erosion
rates on agricultural land are an essential re-
quirement for the development of effective soil
management and conservation strategies. De-
spite this, information available on soil erosion
rates is very limited world-wide and in partic-
ular in Hungary. Although several methods
to estimate soil erosion exist, the use of 137Cs
and/or 210Pb as fallout radionuclides for trac-
ing soil movement overcomes many of the limi-
tations of the traditional methods. Many stud-
ies have been made to establish the relation-
ship between soil erosion rate and the amount
of fallout radionuclides found in the soil. Re-
cently, the 137Cs-technique has been widely ac-
cepted and is now commonly used for estimat-
ing the magnitude of soil loss. In addition, this
method has the advantage of providing infor-
mation on the spatial pattern of redistribution
as well.

The principle of the above tracer technique
lies in the facts that (i) these radionuclides
enter the soil system from the atmosphere,
mostly by precipitation (ii) both have a very
strong affinity for soil and sediment particles.
Hence, the top soil is spiked with a tracer and
its fate can be followed for a long period of
time. It is the lateral redistribution of the
tracer which can be associated with soil ero-
sion or accumulation. The total fallout (refer-
ence inventory) at a specific site is a key pa-
rameter in evaluating experimental data. The
two isotopes differ in both their origin and the
temporal pattern of fallout. 210Pb is derived
from atmospheric radon and its yearly fallout
is fairly constant in time. In turn, 13/Cs re-
sults from two sources: nuclear weapons tests
and fallout from the Chernobyl reactor acci-
dent. The former, sometimes quoted as old
radiocesium, showed peak fallout in the early
sixties and since then it gradually decreased.
On the other hand, soil contamination from
Chernobyl was a single event in early May of
1986. It is emphasised in many erosion stud-
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ies based on the 137Cs-technique that a lack
of adequate information on the reference 137Cs
inventory is an important limitation.

The aim of this work was to study the
long-term migration of 137Cs in the Bikkzsérc-
Cserépfalu-Bogéacs triangle area, at the foot
of Bikk mountain (NE Hungary) and to test
if reliable inventory data could be deduced.
The specific genetic soil type here is leptosol
with shallow A-horizon and low humus con-
tent. The area for sampling on a nearly flat
plateau was limited to only a few m2, in the
vicinity of a triangular point established in
1973, for the rest of the area here is arable
land. Since the soil is very much stony, several
sampling technologies were applied to find the
most adequate for obtaining sectioned soil core
samples with 2-4 cm resolution.

Five samples were taken in different direc-
tions relative to the triangular point, down to
a depth of 20-40 cm, area 100-200 cm?2 and 7-
15 sectioned subsamples were prepared at each
point. The air-dried samples were sieved and
the fraction below 1 mm grain size was anal-
ysed for 137Cs by gamma spectrometry, using
a calibrated high-resolution, low background
HPGe coaxial detector. Depending on sample-
weight, two geometries were used and samples
were counted for 3 hours - 1 day, to provide
a precision of 2-5 % at the 90 % confidence
level. After correction for self absorption, ac-
tivity concentrations (AC) were calculated for
a given reference time.

Migration of fallout nuclides in an undis-
turbed stable soil reflects the influence of a
range of physico-chemical and biological pro-
cesses operating in the soil system. Physico-
chemical processes, including diffusion and
convection, play an important role in the re-
distribution of 137Cs in soil. If ion exchange is
responsible for the adsorption of fallout 137Cs
by soil particles and the reaction is reversible,
then 137Cs can be replaced by other ions and
it re-enters the soil solution. Radionuclides re-



leased from one site in the soil may be trans-
ported downwards in the pore water and re-
adsorbed at another site. In solution they can
also be subject to molecular diffusion. These
processes will be affected by the soil miner-
alogy and soil chemical and physical proper-
ties. As a result, years after the contami-
nation 137Cs is likely to show an exponential
depth distribution in a homogeneous undis-
turbed soil, with a slope depending on time
and soil characteristic.

The results obtained for the variation of
AC as a function of cumulative mass depth for
all samples are shown in Figure 1. One can
readily observe that the sample taken south
of the triangular point shows an increasing
AC with depth, which is certainly the result
of ploughing at least once after 1986. The
rest of the distributions are very similar and
show that soil characteristic abruptly changes
at around 12 g/cm2 (18 cm in depth). This is
certainly caused by the very high clay content
of soil which, at this depth, blocks water from
infiltrating downwards. Furthermore, three of
the distributions show that it is likely that two
components can be distinguished. The first ex-
tends down to about 4-5 g/cm2 and may rep-
resent the soil contamination from the Cher-
nobyl reactor accident. Figure 2 shows the
separation of the components for the sample
taken NE from the triangular point. The area
under the two components gives the 137Cs in-
ventory from the two sources. A preliminary
evaluation yields 1870 and 1200 Bg/m2 for the
residual nuclear weapons tests and the Cher-
nobyl contamination, respectively, at our ref-

erence time (01/05/2001). The total inventory
obtained for the 5 samples lies in the range
2300-3200 Bg/m2. Further chemical analysis
on the soil samples and additional sampling
are in progress to refine the inventory data.

Figure 1. Depth distribution of 137Cs for 5 sam-
ples taken near a triangular point

Figure 2. Separation of A-bomb derived and
Chernobyl 137Cs-fallout

a) Univ. of Debrecen, Dept, of Environmental Physics
b) Univ. of Debrecen, undergraduate student

¢) Univ. of Debrecen, Dept, of Landscape Protection
and Environ. Geography

58



6.1 Catalytic Conversion of nC-labeled Methanol over Cs-ZSM-5 Zeolite

E. Sarkadi-Pribéczki, N. Kumaral T. Salmia\ D.Yu. Murzina\ Z. Kovacs

The introduction of the radioisotope detec-
tion method provides a possibility to follow the
1C-labeled compound and its derivates during
the catalytic processes and to identify the n C-
labeled products by radiodetectors. The ra-
dioactive method can detect very low amounts
of compounds. A thermal conductivity detec-
tor was used for demonstration of the inac-
tive compounds formed during catalysis and
for the identification of u C-labeled products.
The conversion of 11C labeled methanol have
been investigated over the H-ZSM-5 and H-
Beta acidic zeolite catalysts [1]. The aim of
this work is to investigate the reaction mecha-
nism of the conversion o f11C labeled methanol
over basic Cs-ZSM-5 zeolite catalyst and com-
pare the reaction products obtained with that
of H-ZSM-5 acidic catalyst.

The Na-ZSM-5 (Si/Al =31) zeolite was
synthesized and Cs-ZSM-5 catalyst was pre-
pared by repeated ion-exchange using aqueous
solution of cesium nitrate. The characteriza-
tion of Na-ZSM-5 zeolite was performed us-
ing X-ray powder diffraction, scanning electron
microscope, X-ray fluorescency and nitrogen
adsorption. The 1*-radioisotope (T]/2=20.4
min) was produced in cyclotron and used
as a gamma emitter «(by annihilation of its
positron) in the experiments. 11C-labeled
methanol was synthesized by classical method.
The catalytic experiments were carried out
by passing 11C-labeled methanol with He as
a carrier gas over Cs-ZSM-5 packed in a mi-
cro reactor. After adsorption of the radio
methanol, the catalyst was heated up to 330°C.
The products of the catalytic conversion of the
11C-labeled methanol were analyzed by radio-
gas chromatography (gas chromatograph with
thermal conductivity detector on-line coupled
with a radioactivity detector). For the iden-
tification of the 11C-labeled products inactive
compounds were added to the gas samples.

The n C-labeled products were not re-
movable from the catalyst up to 330°C. In
the first minutes the main product (for a
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short time) was exclusively a 11C-labeled,
unidentified intermediate at 330°C. At 20-30
minutes 11C-labeled formaldehyde with 11C-
labeled methane, ether and carbon monoxide
were detected and after 40-50 minutes, the fi-
nal products were 11C-labeled CO and small
amount of CO2 at the same temperature. At
higher temperature (360°C) the presence of the
same products were observed in shorter period.

There are several possibilities regarding the
type of intermediates that can be formed in
the first minutes of the methanol conversion
over Cs-ZSM-5 zeolite. If the process goes
to higher carbon number alcohol synthesis,
the main product could be ethanol derivates
(asymmetric ether, acetaldehyde etc). The
other possibility is the formation of glycol alde-
hyde in the structure of zeolite. But, in the
above cases, after 20 minutes mostly formalde-
hyde was formed together with methane, some
dimethyl ether, carbon monoxide and a small
amount of hydrocarbons, simultaneously. It
is supposed, that the formates, formed in the
zeolite, can decompose to formaldehyde and
methane.

In our previous experiments, H-ZSM-5 acid
zeolite was used for the catalytic conversion
of 1C-labeled methanol at 350°C. The main
product was 11C-labeled C3 olefin. Comparing
the results of the 11C-labeled methanol conver-
sion over acidic and basic zeolites, there was
a very clear difference in the mechanism of
catalysis. At Brpnsted acid site of H-ZSM-5
zeolite the methanol is converted to dimethyl
ether intermediate by dehydration and, with
further conversion, to light olefins and paraf-
fins but methane was not detected. At more
basic sites of Cs-ZSM-5 zeolite, the methanol
is transformed to an unidentified intermediate
by dehydrogenation and, with further conver-
sion, to formaldehyde and methane. The Cs-
cations can cover most of the acid sites thereby
changing the catalytic properties of ZSM-5 ze-
olite and the methanol is converted to alde-
hyde on alkali-promoted catalyst. Besides the



methanol dehydrogenation, some hydrocarbon
products were also detected which confirmed
that Cs-ZSM-5 zeolite still had some acid sites.

For identification of special intermediate
compounds, described above, special experi-
ments were carried out to determine the re-
tention time of 1LC-labeled methyl ethyl ether
from the mixture of 11C-labeled methanol
and ethanol over H-ZSM-5 zeolite at 240°C.
The main products were 11C-labeled methyl
ethyl ether. The results of the gas chromato-
graphic analysis showed that the 11C-labeled
intermediate, obtained over the Cs-ZSM-5 ba-
sic zeolite, was not 11C-labeled methyl ethyl
ether. To identify the other intermediates,
namely the formation of glycol aldehyde from
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methanol and formaldehyde, is in progress.

Although Cs-ZSM-5 is mostly a basic zeo-
lite forming formaldehyde by dehydrogenation,
it also retains features of a weak acid zeolite
producing dimethyl ether and hydrocarbons by
dehydration.
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7.1 Proton Therapy Beam Dosimetry with Silicon CMOS Image Sensors

A. Sanchez-Crespoab\ A. Kerekc\ W. Klamrac\ J. Molnéar, L.-O. Norlinc\ B. Skatta\ E. Gruselld\
D. Novak, A. Sipos, J. Van der Maréi* and J. Végh

In a previous pub”cation [1], it has been most prObabIe number of recoil nuclei per im-
shown how neutron and proton beams in a age frame as obtained from the Gaussian fits,
quite broad energy interval, could be simply is shown as function of proton current and en-

monitored with a position sensitive CMOS im-
age detector [2]. The monitoring is based on
detection of charged fragments from nucleon
induced nuclear reactions. Nuclear reactions
give rise to a variety of characteristic heavy re-
coil nuclei and secondary light particles, e.g.
2Al and an alpha particle from the reaction
28Si(p,a)25Al. The impinging particle fluence
rate at the detector surface could be obtained
from the direct read out of the CMOS image
sensor chip, by counting the number of spots
per image frame and applying a factor correct-
ing for detection efficiency for the used particle

energies. 0 0 20 30 40 50
Number of recoil nuclei

Figure 2. Linear relationship between the pro-
ton fluence rate and the most probable number of
proton induced nuclear reactions.

The direct read out, the lack of pile up ef-
fects, the stability of the signal, the detector
linear response with proton energy and cur-
rent and the very low costs of the device could
make the CMOS detector a good candidate in
addition to other well established detectors for
proton radiation dosimetry.

Proton fluence rate in detector (cm'V ] a) Department of Medical Radiation Physics, Stock-
holm University and Karolinska Institute, Swe-
Figure 1. The probability function for the num- den
ber of recoil nuclei per (20 ms) image frame as a b) Section for Nuclear Medicine, Karolinska Hospital,
function of proton beam energy and intensity. Stockholm, Sweden
¢) Royal Insitute of Technology, AlbaNova, S-10691
Figure 1 shows the cumulative histogram Stockholm, Sweden
distribution of the experimentally determined d) University Hospital, Uppsala, Sweden
number of recoil nuclei per video frame as a g) Stichting ASTRON, Zwiggelte, Holland
function of 48 MeV proton beam intensity for [ A Sipos, E. Grusell, A Kerek, W. Klamra,
perpendicular incidence (including Gaussian J. Molnar, L.-O. Norlin, D. Novak, A. Sanchez-
fits). Shown are the number of recoil nuclei Crespo, J. Van der Maréi and J. Végh. NIMA
produced per frame ( 20 ms) as a function of 509 (2003) 328,

proton current. In Figure 2, the corresponding [2] VISION VM 5402 Camera Module datasheet.
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7.2 Wear measurements by means of 7Be implantation

L. Gialanellaa\ G. Imbriania\ V. Rocaa\ M. Romanoa\ N. De Cesareb A. D’Onofriob F. Ter-
rasid M. Russoal D. Daliento®\ N. Sanseverinoal H.W. Beckerc\ D. Rogallac\ A. Stephanc\ F.
Striedercd\ Zs. Fulop, Gy. Gyiirky and E. Somorjai

Radioactive tracer techniques are nowa-
days routinely used for non contacting, on line
wear and corrosion measurements and repre-
sent an extremely powerful tool in material sci-
ence and engineering. The basic principle is to
incorporate radio-isotopes in the sample to be
tested and to monitor the loss of material due
to wear or corrosion by measuring the resulting
decrease of the residual activity or, in a com-
plementary way, the increase of the radioac-
tivity accumulated in the lubricant fluid. A
basic requirement is the accurate knowledge of
the density distribution of the radio-isotopes,
in order to infer the weax parameters from the
observed variations of radioactivity.

Presently, two radioactive tracer tech-
niques are typically used: bulk activation (BA)
and surface-layer activation (SLA). In both
cases, radio-isotopes are produced directly in
the sample by irradiating it with neutrons,
for BA, or light charged particles, for SLA. A
common problem of these techniques is that
their application depends on the material to
be tested (activation cross section and resis-
tance to radiation damage). Moreover, the
radio-isotope depth distribution is governed by
the energy dependence of the activation cross
section, that strongly limits the possibility of
optimising the distribution in view of specific
requirements of the test.

Radioactive ion implantation (RII) is a
possible solution to such problems. In this ap-
proach a radioactive ion beam (RIB) is used
to implant radio-isotopes in the surface layer
of the sample. The implantation depth is de-
termined by the beam energy and the stop-
ping power of the radioactive ion in the sample:
therefore a proper modulation of the ion beam
energy during the implantation in a given ma-
terial allows a quite wide range of possible
radio-isotope depth distributions. The dras-
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tic reduction of the radiation damage allows
application of RII in principle to any material,
therefore providing a powerful tool for compar-
ative studies.

At the 3MV tandem accelerator of the Uni-
versity of Naples a 7Be beam was developed to
investigate the astrophysically important reac-
tion 7Be(p,7)8B [1]. The radioactive 7Be mate-
rial has been produced at the cyclotron of the
ATOMKI. A novel setup on the Naples RIB
facility allows control of the 7Be beam energy
making use of an energy degrader gas cell with
adjustable pressure. With this technique the
requirements of a RII facility are fulfilled thus
the 7Be beam can be used not only for nuclear
astrophysics but also for wear merasurements.

Test implantation has been performed on
a stack of Ni foils in order to prove that prop-
erly adjusting the pressure in the degrader cell
a desired implantation profile can be achived.
The first results show a fair agreement between
the measured implantation depth profile and
the expected one. Further work is in progress
to improve this technique and extend its use
to other fields of ion implantation, where also
more sophisticated implantation profile tailor-
ing is needed. In particular, a program has
started to exploit the advantages of implan-
tation profile tailoring in lifetime engineering
processes, needed in power electronics devices,
allowing to modify in a selective way the value
of the recombination lifetime in semiconductor
materials.

a) Universitdt di Napoli “Federico 11” and INFN

Naples, Naples, Italy

b) Seconda Universitd di Napoli and INFN Naples,
Naples, Italy

¢) Ruhr Universitdt Bochum, Bochum, Germany

[1] L. Gialanella et ai, Eur. Phys. J. A7, (2000) 303.



7.3 Proton Beam Micromachined Gear-wheels and Racks

I. Rajta, S.Z. Szilasi, E. Baradacsal C. Cserhd&tiand L. Dardczib

Proton Beam Micromachining [12] has
been performed on the nuclear microprobe of
the Institute [3] over the past year.

The beam energy was typically 2 MeV, the
spot size was 2-3 pm at 10-20 pA current. The
scan size ranged from 100 to 1000 pm. The
largest gear-wheel was 500 pm in diameter,
and the corresponding rack was 1000 pm long.

The samples were irradiated on a 50 pm
thick PMMA foil. This is such thickness that
is still self supporting, and it is thin enough
for the beam to penetrate through at the used
energy.

A typical irradiation pattern for a gear-
wheel structure is shown on Fig. l.a). Part b)
of this figure shows the structure before etch-
ing, and c) shows it after etching.

Figure 1. Gear-wheel, a) design, b) DIC mi-
croscopy photo before etching, c) after ethcing

Differential Intereference Contrast (DIC)
microscopy was used before chemical develop-
ing, since the polymer samples change their re-
fractive index due to proton beam irradiation.
Fig. 2. shows a rack structure after irradiation
before etching.

Figure 2. DIC microscopy photo of the irradiated
rack
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The etching was done at 23-25°C for 1
hour using the following formula: 60% Diethy-
lene Glycol Monobutyl Ether, 20% Morpho-
line, 5% Ethanolamine, 15% Water. The sam-
ples were continually observed under an op-
tical micrscope during the ethcing process. It
was found that the largest structures started to
fall out of the PMMA foil after 35 minutes of
etching time. The smaller structures remained
in the foil longer. Fig. 3. shows a collection
of gear-wheels and racks after etching. These
miniature mechanical parts are now removed
from the PMMA film so the next step is to
build a “machine” with the use of these gear-
wheels and racks.

Figure 3. A collection of miniature 3D gear-
wheels and racks. These gear-wheels are 500 pm
in diameter, and the racks are 1000 pm long.

Acknowledgements

This project was supported by OTKA
AO080 and F42474. One of the authors (I.R.) is
a Bolyai fellow.

a) Univ. of Debrecen, Dept, of Environmental Physics
b) Univ. of Debrecen, Dept, of Solid State Physics

[ 1 Rajta, I. Gomez-Morilla, M.H. Abraham, A.Z.
Kiss, NIMB 210 (2003) 260.

[2] J.L. Sanchez, J.A. van Kan, T. Osipowicz, S.V.
Springham, F. Watt, NIMB 136 (1998) 385.

[3] I. Rajta, 1. Borbély-Kiss, Gy. Mérik, L. Bartha, E.
Koltay, A.Z. Kiss, NIMB 109/110 (1996) 148.



7.4 Ellipsoid as a possible tool in physics research

Z. GAacsi

An ellipsoid of revolution is the geometri-
cal locus of points in space the coordinates of
which satisfy the following equation:

(x/a)2 + (y/b)2+ (z/c)2= 1

Ellipsoids have wide variety of use. In 1950
a patent was granted to the application of a
semi-ellipsoid for medical purposes. [1] More
recent medical use is in kidney stone treat-
ment (lithotripsy). [2] Nowadays, artifical di-
amonds are also produced commercially in el-
lipsoid furnaces by the Chemical Vapor Depo-
sition (CVD) method. [3]

For the present purposes, consider the case
when a=b<c in the above equation. This is
a prolate ellipsoid, akin to an American foot-
ball. Such an ellipsoid has two focal points in-
side. An arbitrary radiation or wavefront leav-
ing one of the focal points in any direction may
be reflected from the inner surface of the ellip-
soid and then will reach the other focal point.
The distance thus travelled is constant, inde-
pendent of the direction of emmission. The ra-
diation, after reaching the second focal point,
will travel further hitting the inner surface of
the elliposid where it may be again reflected
and directed back toward the first focal point.
It is remarkable and is to be emphasized that
after only a few reflections, all the radiation
is concentrated to a very small space in the
ellipsoid along the line connecting the two fo-
cal points. As a consequence of this, high en-
ergy concentration can be produced. This can
be achieved by a resonant generation of shock
waves in one or both of the focal points, at
carefully adjusted frequencies. In appropriate
circumstances, this may lead to such a high
mulecular kinetic energy which is in the range
of a few tens of a keV. Such an energy may be
enough for e.g.: deuterium ions to fuse in col-
lisions with each other and produce 2.45-MeV
neutrons.

In order to test this, a detailed study of
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shock-wave propagation, of Hugoniot relations
between the characteristic parameters, and of
the optimization of several factors are neces-
sary. Such factors include the chemical and
physical composition of the medium for the
shock-waves (gas vs. liquid; noble gases, heavy
water; contamination and bubble-free homo-
geneity, etc.), mechanical feature of the in-
ner surface of the ellipsoid, the method of
shock-wave generation, its characterization via
measurement of pressure dynamics at different
points inside the ellipsoid, particularly along
the line of the focal points, tuning the wave
generation to achieve resonant energy feeding
to the system.

A systematic study is being initiated and
carried out [4] to learn more about the unique
behavior of this simple tool and to pave the
way for its future applications in different sub-
fields of physics research.

Figure 1. Waves are reflected at the inner surface
of the ellipsoid, and after only a few reflections the
waves will be concentrated along the line connect-
ing the focal points.

[1] Frank Rieber, US Patent No. 2559277. New York,
1950,

[2] L. Howie et al., SIAM Review, 40, 356, 1998 and
refs, therein,
see also: http://www.domedtech.de/

[3] http://www.cvd-diamond.com/tfdiderd /frames_e.htm

[4 Z Gécsi, to be published



7.5
potential sputtering phenomenon

F. Ditroi, S. Biri, J.D. Meyerb) and K. Stiebingb)

In the frame of inter-governmental coop-
eration between our institute and the Institut
fur Kernphysik of the J.W. Goethe University
the sputtering phenomena with highly charged
heavy ions was studied experimentally in the
ECR (Electro Cyclotron Resonance) Labora-
tories of both institute. To investigate the pure
potential sputtering we had to get rid from the
kinetic contribution. For this purpose a spe-
cial decelerating lens system was designed by
using the SIMION Version 7. electron-optical
simulation package (Fig. 1.). The devices con-
sist of a couple of angular electrodes, where on
the middle 3 electrodes the accelerating volt-
age is connected. We also superposed a vari-
able voltage on these electrodes to make pos-
sible to walk around the accelerating voltage.
The first and last electrodes were connected
to the earth potential and the voltage between
them and the middle electrodes was divided
stepwise by using an resistor cascade. In the
middle plane a wire-grid (transmission 95%)
was also used to improve the lense geometry.
As test beam Ar8+ particles were used with an
energy of 80 keV. In this case the accelerating
potencidl was 10 kV. Figure 1 shows the case
of 79.9999 keV Ar8+ particles.

Figure 1. Simulated path of 79.9999 keV Ar8+
ions

Decreasing the bombarding energy (or
rather increasing the grid potential we got the
ion paths shown in Figure 2. It means that
all the ions are stopped or turned back at the
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Decelerating system for highly charged energetic heavy ions to study the

middle grid when the energy is lower than the
threshold corresponding to the maximum de-
celerating potential.

Figure 2. Simulated path of 79.999 keV Ar8+ ions

The above system was manufactured and
installed on the analyzed beam-line of the
Frankfurt ECR ion source. The test runs were
performed also with Ar8+ ions with an acceler-
ating voltage of 10 kV. For the superimposed
voltage a special remote controlled power sup-
ply capable .for an output of 100 V (added or
subtracted)was used. The ion current after the
decelerating system was monitored in a Fara-
day cup and registered automatically, parallel
with the maximum decelerating potential. The
results of the SIMION simulations could be re-
produced taking into account the energy with
of the ion beam. Our system proved to be suit-
able for potential sputtering investigations.
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7.6 Software Development for 14C Gas-proportional Counter System

L. Rinyu, I. Futé, M. Molnar, L. Palcsu, E. Svingor, Zs. Szanto

The present controlling and evaluating
software was developed by Attila Sahi, in 1991.
This software has some basic problems - for ex-
ample halting date handling, and limited data
storage, etc - which has forced to develop a
new controlling and evaluating software with
up-to-date database management.

The new software was developed under
C++ programming language and SQL object-
relational database management language.
The software was tested under both of oper-
ating systems GNU/Linux[l] and FreeBSDI[2],
for the easy-to-accessible documentation, the
useful complete description and the savings.

For representation of array in SQL-
language PostgreSQL[3] database manage-
ment system has been chosen which includes
check constraint what solves this problem. The
SQL-language makes the easy and quick search
possible in the database by different condi-
tions. The PostgreSQL ORDBMS is provided
under GPL[1]. The shapes of data tables
render improvement possible and extend the
database over all kinds of sample treatments
and measurements applied in our labs.

Trolltech Qt multiplatform C++ applica-
tion framework [4] was used to form the user
interface. This software package is free under
Linux/Unix and Mac OS X operating systems
and is provided under both the Q Public Li-
cense(”QPL”) and the GPL[1]. Under Win-
dows platforms only commercial versions are
supported. The package contains a project
management software, an easy to use form
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designer - like Borland Deplhi/C++ Builder
RAD -, html based documentation, translation
tools for multi language software development
and SQL database interface.

The shapes of user interface is similar to
the former software but it is suitable for the
demands of present days. The program is able
to receive data of the previous system and con-
vert these data to the SQL database system.
The experiences accumulated since 1991 were
used up in development of data processing. For
instance the utilization of GNU Scientific Li-
brary [5] enlarges the possibilities of determi-
nations of standard and background values for
the different counter tubes.

The next stages in the development is to
write device driver under FreeBSD [2] for the
necessary PC-cards and to realize the com-
munication between the controlling system -
which works on industrial personal computer -
and the user interface - includes the evaluating
system - with TCP/IP protocol.

[1] GNU/Linux operating systems and GNU General
Public License, www.gnu.org
[2] FreeBSD operating system, www.FreeBSD.org

[3] PostgreSQL object-relational database manage-
ment system, www.postgresql.org

[4 Trolltech Qt multiplatform, C++ application
framework (Windows, Linux/Unix, Mac OS X),
www.trolltech.org

[5] GNU Scientific Library,

www.gnu.org/directory/science/math/GNUsl.html



7.7 Visualization of Heavy lon Induced Charge Production in a CMOS Image

Sensor

J. Végh, A. Kereké, W. Klamrac\ J. Molnar, L.-O. Norlinc\ D. Novak, A. Sanchez-Crespoah\ J.

Van der Maréie) A. Fenyvesi, .

In a previous publication [1], we analysed
the effect of the impinging neutron and pro-
ton beams on a commercial CMOS video image
sensor [2]. Because the bright spots are caused
by the charges created by the interaction of
these secondary particles with the detector ma-
terial, one analyzes the effect of some mixture
of secondary projectiles. Recently the effects of
these secondary particles on the image sensor
have been systematically investigated as func-
tion of energy and type of ion.

The simple model of the image sensor
used (after removing the cover glass from its
top) comprises a 2 pm thick protective layer
(S13N4), a 20 /rrn sensitive layer (Si) and a
thick but insensitive bulk (Si) layer, see the left
figure. The ranges in silicon of these secondary
particles vary from a few microns to half a mil-
limeter, depending on the energy and type of
the particles. Also, the stopping power varies
considerably as the projectiles slow down, so
the charge creation along their tracks depends

Valastydn® and A. Sipos

heavily on the type and energy. Particles that
hardly enter the sensitive layer or high-energy
projectiles, which traverse the sensitive layer,
deposit less energy. This AE type detector be-
haviour is nicely illustrated in the a brightness
histograms (see right figure) where the maxi-
mum brightness is obtained for 4 and 6 MeV.

a) Department of Medical Radiation Physics, Stock-
holm University and Karolinska Institute, Swe-
den

b) Section for Nuclear Medicine, Karolinska Hospital,
Stockholm, Sweden

¢) Royal Insitute of Technology, AlbaNova, S-10691
Stockholm, Sweden

d) DEOEC, PET Center, Debrecen, Hungary
e) Stichting ASTRON, Zwiggelte, Holland

[ A. Sipos, E. Grusell, A. Kerek, W. Klamra,
J. Molnar, L.-O. Norlin, D. Novak, A. Sanchez-
Crespo, J. Van der Maréi and J. Végh. NIMA
509 (2003) 328.

[2JVISION VM 5402 Camera Module datasheet.

Alpha brightness distribution dependence on energy

Track total brightness (full pixel brighness)

Figure 1: Ranges and brightness distributions of a projectiles of different energy
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7.8 A combined micro-PIXE and micro-SRXRF method for the characterization

of impact materials

I. Uzonyi, Gy. Szd6ral P. R6zsaa\ B. Vekemansh L. Vinczeb F. Adamsb M. Drakopoulosc\

A. Somogyi0", A.Z. Kiss

In recent years our group has made signifi-
cant efforts for the characterization of various
impact materials collected from different ge-
ographical sites of the Carpathian Basin and
around the Barringer Meteor Crater, Arizona.
Until now we have published results on various
glassy spherules extracted from Carpathian
Mesozoic lime stone by micro-PIXE method
[1] and on magnetic spherules of the Bar-
ringer Meteor Crater using SEM-EDS and
micro-PIXE techniques for the determination
of siderophile elements, carbon and oxygen
content [2,3]. Early experiments showed, that
the sensitivity of micro-PIXE is not satisfac-
tory for the determination of medium and high
atomic number trace elements such as the im-
portant platinum group metals (Ru, Rh, Pd,
Os, Ir, Pt). In this atomic number region the
non-destructive Synchrotron Radiation X-Ray
Fluorescence (micro-SRXRF) technique offers
excellent sensitivity down to the sub-ppm level
and deeper probing depth for the elements as
compared to micro-PIXE. However, SRXRF
has a slightly poorer lateral resolution.

In the framework of an EU 5th FP project
our group has developed a combined micro-
PIXE and micro-SRXRF method and tested
it successfully on various impact materials.
The experiments were carried out at the nu-
clear microprobe facility of ATOMKI as well
as at the ID18F user end-station working in
the third experimental hutch of the 1D18 nu-
clear resonance beam-line of the European
Synchrotron Radiation Facility (ESRF). The
micro-PIXE technique proved to be sensitive
in the Z 28 atomic number region, while the
micro-SRXRF above Fe. The quantification
was based on the PIXEKLM program package
(ATOMKI), furthermore, on a novel SRXRF
procedure, which we developed for any thick-
ness heterogeneous materials. The concentra-
tions of elements are calculated from the nor-
malized characteristic X-ray yields using the
following expression:
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Ci = Ki(matrix, geometry, mm-" char m
NComp

The N char/N comp intensity ratio was deter-
mined by the AXIL program package. For nor-
malisation the Compton scattered radiation is
used, which can be considered practically as an
internal standard. Thus the influence of the
matrix absorption, sample heterogeneity and
form-problems on the concentration determi-
nation is significantly decreased. The calibra-
tion factor Ki is calculated numerically using
PIXE concentrations for the major and minor
elements as well as various fundamental and
experimental parameters.

Our methodological developments made it
possible for the first time to carry out quan-
titative analysis for more than 40 major mi-
nor and trace elements by these complemen-
tary methods providing new perspectives for
the interpretation of the formation mechanism
of impact materials. (This work has been ac-
cepted for publication in NIM B).

Supports from the EU 5th FP project
(NAS-MICRO-XRF; G4RDCT-2000-00402),
Hungarian Research Foundation (OTKA) un-
der contract Nos. A 080, M 041939, M 36324
and the provision of synchrotron radiation fa-
cilities at ESRF are gratefully acknowledged.
L. Vincze is the fellow of the Belgian Funds
for Scientific Research.

a) Department of Mineralogy and Geology, University
of Debrecen, Hungary

b) Department of Chemistry, University of Antwerpen
(UIA) , Belgium

c) ID22, ESRF, Grenoble Cedex, France

[4 1. Uzonyi et al., Nucl. Instr and Meth. B 139
(1998) 192.

[2] Gy. Sz66r et al., Nucl. Insr. and Meth. B 181
(2001) 557.

[3] Z. Elekes et al., Nucl Inst, and Meth. B 190 (2002)
291.



7.9 VME based data acquisition system for multi-parameter measurements

A. Krasznahorkay Jr.

A new VME based data acquisition sys-
tem (VDA) was developed for multi-parameter
measurements in nuclear physics. It works to-
gether with the paw-|—b program - using its
libraries - developed at CERN for interactive
data analysis [1].

The system uses a Wiener A32/D32 VME
bus controller [2] connected to a PC running
Linux. The program at this time is able to
access two types of VME devices: a Silena
32 channels, 12 bit ADC (9418-6V) [3] and a
Silena 32 channels, 12 bit TDC (9418-6T) [4].

The functioning of the program "is demon-
strated in the figure.

Figure 1. Block diagram of the VDA system.

The device driver for the VME interface
was downloaded from the web-page of the
manufacturer [2]. It was written in standard
C.

The data acquisition system consists of 4
separate programs. All of them were written
in C++. The user starts the executable “vda-
gui”, which starts the graphical user interface
of the program. The GUI uses the Qt graphi-
cal programming library version 3.1.x or newer
[5]. Here the user can set up the data acquisi-
tion’s details. This includes: devices included
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in the setup and their specific settings, chan-
nels to be read, identifier of each channel, data
processing programs to be started. All of these
can be set up graphically.

The data acquisition process can also be
controlled from the GUI. A separate window
exists to start and stop the processing pro-
grams (“reader”, “glowriter”, “hbookwriter”),
and start and stop the acquisition.

The GUI transmits the details about the
data acquisition to the processing programs us-
ing a shared memory segment, in a Linux spe-
cific way. The “reader” program transmits the
read data to the other processing programs us-
ing two separate FIFOs, also in a Linux specific
way.

The *“glowriter” program writes the read
data to the shared memory block of paw -f-f
for continuous monitoring.

The “hbookwriter” program writes the
read data event-by-event to an HBOOK file
(specified in the GUI).

Recently the acquisition system was suc-
cessfully used in a 77-coincidence experiment,
performed with 3 high resolution clover detec-
tors [6]. 54 channels have been read out with
an average rate of 3 kHz giving a dead time of
less than 10%.

[1] http://wwwasd.web.cern.ch/wwwasd/
cernlib/

[2] http://www.wiener-d.com

[3] http://www.geocities.com/silena_spa/
Fairbus/9418-6V.htm

[4] http://www.geocities.com/silena_spa/
silena/products/camacandvme/
94186t.htm

[5] http://www.trolltech.com

[6] A. Krasznahorkay et ah, ATOMKI Ann. Rep.
2003



7.10
G. Kalinka and M. Novéako

Energy calibration of semiconductor X-
ray detectors is usually considered to be a
problem-free task, it is routinely carried out
by first, second, etc. degree polynomials. W ith
the improvement of the performance of spec-
trometer systems, and the availability of so-
phisticated peak fitting softwares, the preci-
sion of peak parameter estimation has been
much increased. This ability in our practice
has revealed discrepancies in accurate energy
determination and led to the need of deeper
understanding.

As a starting approach we have reassessed nu-
merous previously acquired spectra taken un-
der a very wide range of conditions. The de-
tectors included Si(Li)s of different size, geom-
etry, entrance contact and manufacturer, small
Ge(Li), HP Ge, SiGe(Li), thin Si pin and drift
detectors and a CdZnTe one. Thick detec-
tors were cooled by liquid nitrogen, whereas
thin ones used moderate Peltier cooling. The
preamplifiers were of passive (resistor-) and ac-
tive (light-, drain- and transistor-) feedbacked
charge sensitive or simple voltage sensitive
types. The signal processors ranged from sim-
ple semigaussians through time variant analogs
to digital ones, with or without a zero peak.
MCAs used with analog processors were of
Wilkinson or sliding scale types, with chan-
nel widths set to 5-30 eV. Since it is a major
objective to standardize 241Am for universal
(energy, efficiency and resolution) calibration
purposeses, whenever it was possible, spectra
of different 241Am sources, extending up to
60-100 keV, or even beyond, were favoured.
Besides several 7-rays, this isotope emits the
K,L,M series of Np, and can also excite the
X-rays of Am and other constituents of source
holders. A further calibration point with Si de-
tectors was the SiK edge jump in the Compton
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Energy calibration of semiconductor X-ray detectors

continuum.

To our best knowledge the measured spec-
tral amplitude can be expressed as the prod-
uct of e, the mean energy to create one hole-
electron pair allowing for weak electric field in-
duced enhancement, the charge collection effi-
ciency, the overall electronic gain, the ballistic
deficit and the ADC conversion factor.

The preliminary results are rather diverse:
they range from fairly linear through smoothly
varying to rather weird characters. A short
conclusion is that reliable evaluation of a full
21 Am spectrum is rather tedious, but can pro-
vide < 5 eV accuracy over most of the entire
energy range, almost independent of the par-
ticular system.

The overall best results obtained with a
high quality Si(Li) detector with analog and
digital signal processing are shown in the figure
below. Error bars represent statistical errors,
the energy uncertainties of literature data are
not shown. Large systematic deviations may
indicate inaccuracies of the literature data.

b) undergraduate student, Debrecen University
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Progress report on the construction of a 312 element CsI(TI) scintillator -f

Si pin photodiode light charged particle array

G. Kalinka, Z. Elekes*a Zs. Filop, J. Gal, G. Hegyesi, J. Molnar, T. Motobayashia\ A. Saitob>

and Y. Yanagisawa

A collaboration for the construction of a
Nal(Tl), BGO and Csl(TI) hybride arrays to
be used at RIKEN RI Beam Factory in the
near future to detect gamma-rays and charged
particles (CP) from fast moving nuclei pro-
duced in nuclear reactions with radioactive
beams started in 1991 [1].

The CP subsystem consists of 312 Cs(TI)
crystals coupled to silicon photodiodes in
a hemispherical arrangement, four detectors
packed together with their own preamplifiers
in each of the 78 parallelepipedic thin walled
aluminum containers. The individual CsI(TI)
crystal size is 16 x 16 x 55 mm3 in order to stop
light particles with approximately 110 MeV/u.
Actually one squared end is tapered in 5 mm
length to fit it to a 10 x 10 mm2 photodi-
ode. Based on our one decade long experience
with the three generations of the similar DIA-
MANT system[2], EPOTEC-302 glue has been
used for their attachment. As light reflector
for the long side surfaces, 2 layers of the 70 pm
thick 3M’s Multilayer Mirror Film has been se-
lected for its high (>98.5 %) reflectivity, long
term stability, compactness and the easily re-
producible technology of wrapping with it [3].

The quality of the applied technology can
be assessed from the figure, which summarises
the test performance results obtained with 5.5
MeV a particles for all 312 detector units com-
pleted, in the form of amplitude and resolution
distribution graphs. The light collection is so
well reproducible that the amplitude distribu-
tion is only slightly wider (FWHM=3.2 %),
then the width of a ”mean” individual spectral
peak (2.5 %). This means, that practically no
gain matching in the array is necessary, pro-
vided the system electronics will exhibit sim-
ilar performance. During this test all detec-
tors were covered with thin Aluminized My-
lar front reflector. By replacing it with MM
film, which poses no problem in the detection
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of high energy light particles, the amplitudes
can be increased by ~20 %, significantly im-
proving thereby the energy resolution for that
energies. The average value of the low en-
ergy background continuum for 5.5 MeV a, not
shown in the figure, is less than 3%.

Relative FAHM resolution (%)

*) on leave from ATOMKI, Debrecen, Hungary
a) RIKEN, Wako, Saitama, Japan
b) Rikkyo University, Tokyo, Japan

[1] H. Hasegawa et al., RIKEN Accel. Prog. Rep. 35
(2002) 169

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

[3] Z. Elekes et al., Nuci. Phys. A719 (2003) 316C



7.12
in semiconductor detectors

G. Kalinka

Under the influence of ionizing radiation to
be measured, characteristic X-rays of the de-
tector material can be excited and emitted into
the surrounding space. For an outer observer,
there is no doubt, the energy- and intensity-
distribution of the emitted radiation is con-
stant under identical conditions. A detector
user, however, who measures the energy de-
posit in the detector remaining after the escape
of X-rays called escape peak(s) in the spec-
tra, frequently experiences small, but noticable
variances in the energy and intensity among
different detectors, or simply by changing de-
tector bias.

This is not surprising, however, if we are
aware of the fact, that not even best detectors
exhibit perfect and spatially uniform charge
collection efficiency. Therefore processes pro-
ducing different charge distributions undergo
different mean collection efficiency. For exam-
ple charge collection can be low at the entrance
electrode due to surface recombination, or re-
duced in the bulk by charge trapping. If the
escape depth is shorter than the penetration
depth of the primary radiation, then shift in
the expected peak positions, peak shapes, or in
case of an incomplete charge collection layer,
even reduction in the escape peak intensities
may happen [1].

Since the formation of the escape peak is an
organic part of the detector response function
[2], it should be treated by the same unified
formalism. The idea is simple: in case of an
ideal, nondiscriminating time invariant signal
processing system, for thermalized charge car-
riers each space coordinate can be character-
ized by a collection efficiency r?(r), its standard
deviation acoii(r), and a ballistic deficit B(r)
value. Therefore, if the spatial distribution of
thermalized carriers is known following the in-
teractions of an incoming photon with the de-
tector, the response can be calculated. Due
to the finite range of the electrons and pho-
tons created during the energy deposition pro-
cess in the detector, the original distribution
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Model for characteristic X-ray escape process related spectral distributions

R(r, E) = 6(fo—)S(Eo—E) ofa truly monoen-
ergetic primary photon transformes into the
energy deposition probabilility R(Eo, rb, E, r),
fo being the primary interaction point of the
incoming photon. The key issues here are, that
instead of a pointlike energy deposition, the
primary energy is dispersed over the entire de-
tector volume and even beyond it, and that
this can be described by only a space and en-
ergy coordinate dependent distribution. The
R distribution function is the superposition
of different subprocesses of different orders.
The most important of them are P,P-EE,C-
EE,P-XE,P-XE-EE, at lower energies, C,R,C-
P,P-BS, etc. at higher, just a few to men-
tion, the notations referring to photoelectric,
Compton, Rayleigh, electron-escape, charac-
teristic x-ray escape and bremmstrahlung pro-
cesses. R can be generalized by including in-
ward escapes from dead layers, contact regions,
etc. First, R must be convoluted, for the
sake of simplicity, with a Gaussian of width
a2(f,E) = {1 + azat(E) + aall(r,E), using
conventional notation, then double integrate
over the total detector volume in order to ob-
tain the complete detector response function:

N(EqE) * i ff 0 R(EOro,E"r)
K e-o o, E)

E r/(r)(I —B(r)) —FE'
2cr2(r, E")

where K is a normalization constant. The
partial response corresponding to the conven-
tional escape events can be obtained by retain-
ing only the relevant Rp-xE term, which can
be given as sum of appropriate Lorentzians at
Eq—Ei, Ei meaning corresponding X-ray en-
ergies, and perhaps accounting for the higher
order Rp—xE—EEi Rp—XE2>etc. distribution
functions in the above equation.

drodr dE",

[1] G. Kalinka, NIMB 88 (1994) 470
[2] T. Papp, X-ray Spectrom. 32 (2003) 458
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L. Bartha

During 2003 the beam time of the VdG-1
machine amounted to 54 hours. The accelera-
tor delivered proton beam used for low energy-
atomic physics experiments. The beam time of
the hollow cathode ion source - which is also
operated on the beam transport of VdG-1 ac-
celerator - is excluded.

The 5 MV Van de Graaff machine was op-
erating for 2933 hours during this period. Pro-
ton (97.17 %), Hi“ (3.22 %), D+ (7.33 %), He+
(7.85 %) and 14N+ (4.42 %) particles were ac-
celerated.

The beam time was distributed among dif-
ferent research subjects as shown in Table 1

The installation of a 4130A Tandetron
AMS made by General lonex Corporation has
been started in this year. It will be used in 14C
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Activities at the Van de Graaff Accelerator Laboratory

AMS dating in the future. Its beamline heigth
has been increased to the heigth of the VdG-5
beamline. This makes easier the connection of
the Tandetron beam to the VdG-5 beamlines
at any time when it is required.

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

Field Sign Hours %
Atomic physics AP 240  8.18
Nuclear physics NP 344  11.73
Nuclear astrophysics NAP 132 450
Analytical studies IBA 2181 74.36
Micromachining MM 21 0.72
Machine tests MT 15 051
Total 2933 100
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Status Report on Cyclotron Operation

P. Kovécs, I. Szics, I. Ander, T. Lakatos, A. Fenyvesi, F. Ditr6i, S. Takacs, F. Tarkanyi

The operation of the cyclotron in 2003 was
again concentrated to 9 months; January, July
and August were reserved for maintenance, re-
newal works and holidays. The overall working
time of the accelerator was 4051 hours. The
breakdown periods amounted to 4 hours last
year, the time used for systematic maintenance
was 365 hours. The cyclotron was available
for users for 3682 hours. The effectively used
beam-on-target is summarized in Table 1

Table 1. Statistics of the irradiation time (beam-
on-target) for different research groups

Projects Hours %
Nuclear spectroscopy 568 28.8
Nuclear astrophysics 613 31.0
Radiation tolerance test 50 2.6
Nuclear reaction data 9 0.5
Medical isotope production 617 31.2

Thin layer activation (TLA) 116 5.9
Total 1973 100
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In order to improve the circumstances of
the irradiations the following renewal and im-
provements were done:

* Upgrading RF-power supply system of
the MGC-20 cyclotron:

- Final Stages

- Pre-final Stage

- Pre-final Stage Rectifier

- Control Module (with computer control)

Project was carried out in July and Au-
gust by the NPK LUTS NIIEFA, St. Pe-
tersburg, Russia.

* Removing of limescale from the heat-
exchanger of the water-cooling system.

* In order to prevent scaling in the water
cooling system a water softening equip-
ment was put into operation in the tap-
water circuit.
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