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Preface

This Annual Report has an unusual feature, which is meant to be a constant ingredient of Annual 
Reports of Atomki in the years to come. From now on, we will have a review on the activity in one of 
the main research fields of the Institute in each number. The report, included in the present volume 
covers the activity of the Cyclotron Section. The cyclotron is the largest facility of the Institute, and 
the Cyclotron Section is responsible for running it and for its use in applied fields.

From among the notable results of the year I mention the following:
We invented a new treatment of the boundary condition for quantum scattering theory. The method 

is based on a transformation of rotating all physical coordinates into the complex plane. W ith such a 
rotation, the outgoing waves can be made square-integrable, which renders this technique useful for 
the description of resonance states. Now, however, we managed to extend the method to problems that 
contain both incoming and outgoing waves, i.e., to scattering problems.

In cooperation with a Catania group, the p+p elastic nuclear cross section has been determined 
under the Coulomb barrier (at 0.1-0.5 MeV) by measuring the cross section of the D(p,pp)n process 
at a few MeV at the cyclotron. The significance of the indirect method used (‘Trojan horse method’) 
is that under the Coulomb barrier the Coulomb effects are overwhelming, while at the energy of this 
experiment it is negligible. Inside the Trojan horse (i.e., the projectile) the high-energy proton can be 
carried into the heart of Troy (i.e., the neighbourhood of the other proton) to interact there at very 
low energy.

We found a two-electron ‘cusp’ in the collision of two neutral He atoms, which has been a unique 
observation hitherto. The departure of the two electrons leaves both atoms singly ionized, and the 
cusp event corresponds to both electrons propagating with the speed of the projectile. Their relative 
velocity is approximately zero, so the event is in fact a threshold effect. It was observed by detecting 
the projectile residue as well as the two electrons in triple coincidence.

Filters have been made for medical applications by proton beam micromachining, i.e., by regularly 
piercing a plastic sheet by a proton beam and chemically etching the tracks.

Following the first volume in 2005, in 2007 Prof. Tibor Fényes published the second volume of his 
nuclear physics textbook in Hungarian. The subtitle of Volume II is Particles and Interactions. With 
this, his tremendous endeavour of books (Nuclear Structure in English and Nuclear Physics I-II in 
Hungarian) has been completed.

The ‘honours list’ is especially long this year. There were numerous outstanding results by young 
researchers. The Academy conferred Dr. Zoltán Elekes and Dr. Tamás Vértesi Young Scientists’ Awards 
for their results in the fields of light exotic nuclei and of quantum entanglement, respectively. The 
Institute itself has issued similar awards to Dr. Gábor Somogyi and Mr. Iván Valastyán. Gábor has 
had seminal progress in second-order perturbative corrections to quantum chromodynamics, while Iván 
has produced a very handy software for Cardiotom, a gamma camera for rapid and reliable diagnostics 
of heart infarction developed for Karolinska Institute, Stockholm. There was also an international 
youth award conferred to an Atomki member. He is Dr. György Gyürky, his appraised results are in 
nuclear astrophysics and the award is that of the science academies of the Visegrád countries (Poland, 
the Czech Republic, Slovakia and Hungary). And I cannot help disclosing an even greater feat of 
Gyuri Gyürky although that will be the subject of the next Annual Report. He is one of the awardees 
of the ERC (European Research Council) Starting Grant scheme. The subject of his project is the 
experimental study of the astrophysical p-process in Debrecen.

And here come the awards received by members of the more mature generation. One of the prizes 
of the Physics Section of the Academy of Sciences went to Prof. Attila Krasznahorkay for his works 
on nuclear spectroscopy. The reputable Wigner Prize was awarded to Prof. József Cseh for his works
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on symmetries in nuclei. To appreciate this, one should know that the money involved in the Wigner 
Prize is covered by the Pales Nuclear Power Plant. They regard Wigner as a reactor engineer, and the 
Wigner Prize is usually given to  specialists whose work has contributed to the application of nuclear 
energy. This time one of the candidates was the founder of the Paks Power Plant. The point of the 
jury was, however, that Wigner was primarily a pioneer of symmetry principles of physics, especially 
nuclear physics, which is shown by the fact that he was awarded the Nobel Prize for those achievements. 
Jóska Cseh is the main follower of the Wigner tradition of symmetry considerations in Hungary. This 
point was honoured by the donators, and the pioneering role of the founder of the Power Station was 
appreciated by the jury, and thus two full Wigner Prizes were awarded last year.

Prof. Dénes Berényi, who was the Director of this Institute between 1976 and 1990, was conferred 
an Honorary Degree by the University of Oradea. Oradea (Nagyvárad) is about 35 miles from Debrecen 
across the Romanian border. Prof. Berényi has been working, with missionary zeal, for bringing together 
the academic communities of the  cross-border region surrounding Debrecen. For about a decade he was 
responsible for developing close links between the Hungarian Academy of Sciences and the academic 
circles of the Hungarian minorities over the border, which was an important job after 45 years of 
cessation during communism. In this position he also layed great emphasis on improving relations with 
academic institutions in which the majority and minority coexist. That is how he has earned this 
honour.

Last spring Prof. József Pálinkás MP, former Director of Atomki and present Head of the Physics 
Department of the University, was elected President of the Centre of Arts, Humanities and Sciences 
and Vice-Rector of the University. To feature the weight of this Centre within the University, we should 
mention tha t it contains 7 of the  15 faculties of the University (the Faculties of Humanities, of Science, 
of Law, of Economics and Business Administration, of Informatics, of Education and of Music) and 12 
of the 20 graduate schools. Thus Prof. Pálinkás is now responsible for running a large portion of the 
higher education at Debrecen University.

Unlike society by and large, the science community in Hungary is highly meritocratic. That is why 
membership in the Academy has a tremendous prestige. Last year Prof. Zoltán Trócsányi was elected 
a corresponding member. He is one of the youngest members of this learned society. He is an expert 
in perturbative quantum chromodynamics. He teaches at the University of Debrecen, where he usually 
wins the yearly athletic and swimming competitions of professors, and attracts the most talented 
students (cf. the award of Somogyi above) to this Institute, where his research work is concentrated.

In boasting of the successes of our colleagues, I should not forget to remember a great loss suffered 
last year. On 11th October Dr. Éva Csongor, one of the favourites of our professors, a pioneer of 
environmental physics in Debrecen, and wife of the founding Director, Prof. A. Szalay, died in Budapest 
after a long disease. She had been teaching the introductory physics course to generations of Debrecen 
physics students. She had measured the most complete set of radioactivity data of precipitation in 
the world from the early atomic bomb tests to the Chernobyl disaster. She created the radiocarbon 
laboratory of the Institute, the  only one in Hungary for the time being.

Her most notable pupil was Ede Hertelendi, the impulsive and reckless hero of the history of this 
Institute, former head of the Section of Environmental Physics, who died in a car accident in 1999.

Well, on 26th October, we inaugurated the new Hertelendi Laboratory for Environmental Studies. 
The ‘new’ laboratory is a beautifully re-built re-furbished and re-equipped version of our old laboratory 
for environmental studies. The reconstruction was financed by the Isotoptech Company, owned largely 
and managed by one of Ede’s pupils, Mr. Mihály Veres. We have been uniting our efforts with Isotoptech 
in providing measurement services in mass spectrometry and radiocarbon analysis to nuclear industry, 
to water works, to archaeological museums etc. Now the new laboratory is run jointly. The portrait 
relief of Ede Hertelendi shown has been put at the entrance to the main premises of the Laboratory.

The central subject of the  Physics Days, the annual festivity held in March for the general public,
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Dr. Éva Csongor (1922-2007) 
on her last visit to Atomki, 

on 28 August, 2003

HERTELENDI EDE 
1950-1999

Dr. Ede Hertelendi sculpted by László Aszalós 
at the entrance to the Hertelendi Laboratory 

for Environmental Studies

was Modelling in Physics. The lectures were 
the following: ‘From measurements to em
pirical laws’ by Dr. K. Tőkési (Atomki), ‘A 
physicist’s visit to the zoo’ by Dr. Zs. Fülöp

(Atomki), ‘The most beautiful models in 
physics’ by Prof. J. Pálinkás (University of 
Debrecen and Atomki) and ‘A simple model 
for the growth of civilizations’ (Prof. T. S. 
Bíró (Research Institute for Particle and Nu
clear Physics, Budapest). On the last afternoon 
there was a quiz of secondary-school teams to 
test their knowledge on nuclear energy. This 
was organized by Dr. I. Uray on the occasion 
of the debut (http://www.atom ki.hu/nupex/) 
of the Hungarian version of the European 
nuclear physics website for the general pub
lic NUPEX (Nuclear Physics Experience, 
http: /  /  www.nupecc.org/NUPEX/index.htm). 
While the talks were mostly very enjoyable, 
the childrens’ quiz was very instructive to the 
organizers. It showed how superficial is the 
knowledge of the youth educated according to 
the recipes of the information society.

In May the Hungarian community inter
ested in nuclear energy celebrated the silver 
jubilee of the International Atomic Energy 
Agency. IAEA did help us a lot in the early pe
riod to develop our research and development 
infrastucture and our expertise. For example, 
IAEA contributed to the price of the cyclotron 
and of the instruments around it by substan
tial amounts. It also granted scholarships to the 
science and technical personnel. The staff of 
Atomki have been acting as IAEA experts in 
many different countries, and we produced ex
perimental machinery and software ordered by 
IAEA. IAEA is supporting nuclear data mea
surements, compilatory work and methodolog
ical research here. More details can be found 
on this in the review by the Cyclotron Section.

We celebrated the Day of Hungarian Sci
ence in autumn by a mini-symposium enti
tled ‘Approaching Creation’ reviewed the De
brecen contribution to the Compact Muon 
Solenoid (CMS) detector system we installed 
at the Large Hadron Collider at CERN 
(http: / / www.atomki.hu/CMS-program.pdf).

There were two international sym
posia held in Atomki. One was to mark 
the 70th birthday of Dr. Endre Somorjai
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(h ttp ://www.atomki.hu/somorjai70-program.html), the person, who started research on nuclear astro
physics in Debrecen. Hungarian Civil Service Law has compelled him to retire now, but he is still 
working with us as a professor emeritus instituti, and is still a permanent player of hobby football on 
the grounds of the Institute.

The other international meeting was the 3rd Japan-Hungary Joint Seminar on Physics in Modern 
Science and Technology, whose subject was now Progress in Science and Technology with Particle and 
Photon Beams (http://w w w .atomki.hu/3.jp-hu/index.html). Parts of this meeting were held at the 
University of Szeged and at the Research Institute for Particle and Nuclear Physics, Budapest. The 
Japan-Hungary joint symposia have always been tremendously enjoyable and have been a source of 
optimism for us. This time we have found out that in detection techniques we are facing problems that 
are very similar to some problems of the neutrino physicists at RCNP, Osaka, and elsewhere in Japan. 
To solve these problems with joint efforts, we concluded a cooperation agreement.

Debrecen has become a candidate for hosting the European Spallation Neutron Source (ESS). 
The ESS project involves an enormous scientific and technological potential for Debrecen as well as 
for the country. Atomki made its contribution to raising public awareness of all these by holding a 
mini-symposium (h ttp ://www.atomki.hu/ESS/) on the possible use of a neutron source. The speakers, 
included the main promoters of the Hungarian ESS proposal (Prof. F. Mezei, Dr. L. Rosta), the Mayor 
of Debrecen (Mr. L. Kosa) and some of the leading figures of the University (Prof. J. Pálinkás, Vice- 
Rector Z. Szilvássy, Prof. Gy. Bazsa) and of Atomki (Dr. A. Fenyvesi).

To conclude this Preface, I have to disclose that this is my last preface to the annual reports. My 
impression is that writing these prefaces would become a mere routine if I were to write them on and 
on, and it would be a shame if the reader noticed that I did not put my heart into them. That is why 
I wanted to stop now. When I made my last application for the directorship, I confided that I would 
take up this job just up to the end of last year, yet, eventually, I was appointed for the period ending in 
2009. After my repeated reminders, the bosses of the Academy realized that I was serious, and provided 
for a selection procedure to find my successor. I am glad to announce that the procedure started with 
an international call for application concluded in appointing Dr. Zsolt Fülöp, Deputy Director in 2007, 
who would also have been my choice. Zsolt is 44 years old, which is a best age to become a boss. 
Perhaps he can still enjoy it. He is head of the experimental nuclear astrophysics group, a pupil of 
Prof. Somorjai. He is extremely active, and is not deterred by facing problems, which is shown by the 
fact that he has 5 (five) children of ages 6 to 16, and he and the family are coping with each other. I 
am gradually withdrawing from the matters of the Institute, and hope to become a scientist again.

Looking back to the eleven years of my directorship I see a solid tendency of higher and higher 
performance by the Institute, albeit the fields and forms of the progress have been varied. I feel 
this tendency prevails even in the more recent years, despite the deteriorating conditions. After the 
communist times I felt relief from the obligation of finding excuses for doing research. The view that 
scientific research represents a value by itself was generally accepted at the time when I started my job 
as director. Now, I think, this opinion would count as politically incorrect. Media imprint on innate 
naivety and multilateral European misunderstanding have now created a disinformation society in this 
country (or on the whole continent?), in which all values are shaken, and many people have lost their 
senses. Our duty in this environment is to show that science still remains one of the cornerstones of 
society, and scientific research can best benefit society if it is allowed to follow its own instincts.

The financial and personnel conditions in 2007 are given in the pie charts to follow this Preface.
This Report, prepared in LTpX, is available on the web at www.atomki.hu in PDF format.

Debrecen, 15 April 2008

Rezső G. Lovas 
former Director
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O rgan izational s tru c tu re  of A T O M K I

Director: R.G. Lovas, corresponding member of the HAS

Deputy directors: Zs. Fülöp, D.Sc.
S. Mészáros, C.Sc. 

Finance director: Dr. M. Pálinkás

• Secretariat (Scientific Secretary: Z. Máté, C.Sc.)
• Library (Librarian: Mrs. M. Nagy)
• Accounting (Head: Mrs. J. Sass)
• Basic Services and Maintenance (Head: Mr. I. Katona)
• Mechanical Workshop (Head: Mr. I. Gál)

S c ien tific  S e c tio n s

Division of Nuclear Physics (Head: J. Cseh, D.Sc.)

• Section of Experimental Nuclear Physics (Head: A. Krasznahorkay, D.Sc.)
• Section of Electrostatic Accelerators (Head: I. Rajta, Ph.D.)

— Nuclear Astrophysics Group
— Ion Beam Analysis Group

• Section of Theoretical Physics (Head: A. Kruppa, D.Sc.)

Division of Atomic Physics (Head: Á. Kövér, D.Sc.)

• Section of Atomic Collisions (Head: B. Sulik, D.Sc.)
• Section of Electron Spectroscopy (Head: L. Kövér, Ph.D.)

• Section of Environmental and Earth Sciences (Head: Á.Z. Kiss, D.Sc.)
— Laboratory of Environmental Studies
— Radon Group
— K-Ar Laboratory
— Radiation- and Environmental Protection Group
— QMS Laboratory

• DE TTK - ATOMKI Department of Environmental Physics (Head: S. Sudár, C.Sc.)
• Cyclotron Section (Head: F. Tárkányi, C.Sc.)
• Section of Electronics (Head: J. Gál, C.Sc.)
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D a ta  on A T O M K I

At present the Institute employs 197 persons. The affiliation of personnel to units of organization 
and the composition of personnel are given below.

Accounting
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Basic Services 
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Mechanical Workshop
5%

Department of Electronics
8%

Division of Nuclear Physics 
22%

Division of Atomic Physics 
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Division of Environmental 
and Geosciences 
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Figure 1. Affiliation of personnel to units of organization
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Figure 2. Composition of personnel
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F inance

The total budget of the Institute for the year 2007 was 1299 million Hungarian Forints. The 
composition of the budget and the share of personnel expenditure within the budget are shown below.

Project
(from Contract Research)

6%
Project

(from OTKA, OM,
NKTH, etc.)

5%

>ic
(from MTA)

89%

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

OTKA: Hungarian Scientific Research Fund 
OM: Ministry of Education 

NKTH: National Office for Research and Technology
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Status report on the operation of the cyclotron and
on the programs of its practical applications

F. Tárkányi, 1. Ander, L. Andó, F. Ditrói, A. Fenyvesi, В. Király, Z. Kormány, P. Kovács, Z. Kovács, 
I. Mahunka, E. Pribóczki, F. Szelecsényi, I. Szűcs, Z. Szűcs, S. Takács

1. Main tasks
The main task o f the Cyclotron Department is to operate the ATOMKI MGC-20E cyclotron, 

to support the research in different scientific fields and to use the accelerator in practice related 
applications. The Cyclotron Laboratory has been installed in a research institute so research is the 
most important task. Considering that some results of the basic research can be used in different 
routine applications, the second important task is to help developing systems for this reason. The 
capacity of the accelerator usually allows making routine applications to ensure the financial 
background for the service and for the development of the cyclotron.

The cyclotron is applied directly for basic nuclear physics research and it indirectly helps the 
research in other fields via interdisciplinary studies. It is used in broad scale for different practical 
applications which have direct results in basic sciences in many cases therefore the classification 
sometimes is not simple. The irradiations at the cyclotron are dedicated to basic research in the field 
of nuclear structure and nuclear reaction studies and from other side to the so-called practical 
applications.

The cyclotron has been in operation in ATOMKI since 1985. Since then the cyclotron has 
been reliably running with very short undesired breakdowns and it has been used for a wide range 
of research and application programs. This overview gives a short summary of the status of 
cyclotron operation and the practical applications and gives some indications on the future plans.

2. Cyclotron operation
The MGC-20E cyclotron of ATOMKI has been the major particle accelerator facility in 

Hungary since it started operation in 1985. It is a variable energy compact machine which can 
accelerate particle beams from proton to alpha. For about two decades it was the only cyclotron 
type accelerator in the country and was used for various research and application programs. In 
recent years two new dedicated PET-isotope cyclotrons were put into operation (in Budapest and 
Debrecen) with comparable proton and deuteron final beam energies. Although these new machines 
are superior in beam intensity and economics of operation, the MGC-20E cyclotron is still the most 
flexible accelerator facility for research and non-routine application tasks in Hungary. Its 
sophisticated external beam transport system with advanced beam diagnostics and instrumentation, 
combined with the broad range of variable beam parameters makes it a unique tool for numerous 
programs.

The cyclotron operation group has been putting great efforts into new developments and 
upgrade of various subsystems of the machine in order to increase both reliability and economics of 
the operation and to extend the lifetime of the facility. Two major reconstruction projects were 
successfully implemented during the last decade. First the obsolete vacuum and control systems of 
the cyclotron and beam transport lines were replaced by up-to-date hardware and software 
components. This project was financially supported by the International Atomic Energy Agency 
and the design and implementation process was carried out fully in-house by the cyclotron 
operation group. The radiofrequency system of the cyclotron was later upgraded by the 
manufacturer of the machine in a project supported by the Hungarian Academy o f Sciences. The 
RF-system was completely redesigned and rebuilt with widely and long-term available components, 
providing maintainable operation for many years to come.



Table 1. Statistics of cyclotron operation during the last decade

Year Operation Maintenance Breakdown Availability Beam tuning Beam on target

(h) (h) (%) (h) (%) (h) (%) (h) (%) (h) (%)
2007 2951 343 11.6 43 1.5 2565 86.9 172 5.8 1061 36.0
2006 3445 441 12.8 62 1.8 2942 85.4 181 5.3 1690 49.0
2005 3302 418 12.7 42 1.3 2842 86.0 192 5.8 1353 41.0
2004 3554 450 12.6 70 2 3034 85.4 213 6.0 1086 30.6
2003 4051 365 9.0 4 0.1 3682 90.9 250 6.2 1973 48.7
2002 4084 449 11.0 15 0.4 3620 88.6 279 6.8 1791 43.9
2001 4300 483 11.2 66 1.5 3751 87.3 272 6.3 1803 42
2000 4227 412 9.5 22 0.5 3793 90 480 11 1685 40
1999 4265 301 7 76 2 3888 91 546 13 1792 42
1998 4096 752 18 49 1 3295 81 420 10 1520 37
1997 3946 450 11 87 2 3409 87 588 15 1168 30

Table 2. Statistics of cyclotron utilization

B ea m  on  ta r g e t  (h ) 1 9 9 7 1998 1999 2000 2001 2002 20 0 3 2004 200 5 2 0 0 6 2007 T o ta l

Nuclear spectroscopy 314 214 190 590 138 663 568 269 378 359 151 3 8 3 4

Nuclear astrophysics 161 371 813 290 923 496 613 176 489 630 465 5 4 2 7

Radiation tolerance test 114 148 191 72 147 106 50 79 34 142 214 1 2 9 7
Nuclear data 25 53 42 136 29 16 9 157 95 152 7 1 4

Neutron physics 52 11 13 23 99

Medical isotope production 554 655 545 597 553 434 617 280 260 194 96 4 7 8 5

Thin layer activation 56 116 125 97 105 50 5 4 9

Target technology 108 85 193

The cyclotron operation group has 
been involved in various beam diagnostics 
and instrumentation projects as well. In 
collaboration with iThemba LABS in 
South Africa we have been participating in 
research and development o f  different 
non-destructive beam diagnostics systems 
for cyclotrons and their beam lines, like 
beam position monitors (BPM) and beam 
intensity measuring equipments. The 
application o f the Experimental Physics 
and Industrial Control System (EPICS) for 
the existing diagnostics systems is also 
studied.

Figure 1. MGC-20E cyclotron of ATOMKI
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The expertise of the staff is used in numerous projects managed by various user groups. 
We provide regular help in the design and construction of mechanics and electronics for new 
experimental arrangements, like different setups for thin layer activation or development of a 
pneumatic post system for irradiated target samples.

Main beam parameters

Energy spread of extracted beam <3xl0‘3

Energy spread of analyzed beam < 10'3

Power consumption 200 kW

External target locations 9 horizontal,
1 vertical

Particle beam Energy (MeV) Intensity (pA)
Proton 2.5-18 40

Deuteron 1 -  10 40

3He 4 -2 6 10
Alpha 2 -2 0 20

Milestones in the cyclotron operation

1980-83 Design and purchase (supported by IAEA)
1984-85 Installation and commissioning

Nov. 1985 Start of operation
1997-99 Reconstruction project (supported by IAEA

Technical Co-operation Project HUN/4/013)
2003 Renewal of the RF-system of the cyclotron

(supported by the Hungarian Academy of Sciences)

3. Practical applications
The field of practical 

applications is very broad 
and has been flexibly 
changed in accordance with 
the continuously varied 
circumstances. There were 
some fix factors like 
cyclotron parameters, in 
s o m e  m e a n i n g  t he  
traditions, but most of the 
determining factors were 
changed continuously like 
experience, collaborations, 
t e c h n o l o g y  c h a n g e s ,  
economic situations and 
requirements. All practical 
applications are based on 
three results of interactions 
of charged particles with the 
matter: production of useful 
radioisotopes, production of 
fast neutron beam and 
making radiation damage in 
irradiated samples.

Figure 2. Layout of the protected area
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M ilestones in the practical applications

1986 Start of SPECT-isotope production
1987 Start of bio-medical and agro-biological applications with fast neutrons
1992 Start of radiation damage studies
1994 Start of PET-isotope production
2002 Start of Thin Layer Activation program for wear studies
2005 Start of CVD diamond irradiations

3.1 Technical background for applications
Five well equipped beam lines/target stations were built for practical applications: two beam 

lines for radioisotope production, high intensity fast neutron source, TLA beam line and quasi- 
monoenergetic neutron source. To support proper handling, separation, labeling processes and 
investigation of patients an analytical and target preparation laboratory, a radiochemical laboratory 
and a medical unit (including a PET scanner) are available.

3.2 Applications in the past
During the long operation period many applications were stopped due to the less optimal 

conditions of the cyclotron beam parameters:

• Production of long-lived SPECT radionuclei (67Ga, 11'in etc.)
• Production of microfilters via fission products
• Experiments related to neutron therapy
• Irradiations for induction of genetic mutations for breeding purposes
• Charged particle activation analysis

3.3 Applications in the last few years and in the present
The present applications can be classified on the basis of the field of final application or on 

the basis of the method o f the application. According to the methods:

• Production of radioisotopes for labeling 
Production of PET-radioisotopes
Production of special radioisotopes for biological investigation 
Production of special radioisotopes for industry 
Thin layer activation (TLA) for wear measurement

• Production of radioisotopes for therapy
• Radiation damage studies 

Irradiation of CVD diamond
Radiation damage studies of electronic and photonic structures, components and devices

• Measurement, theoretical interpretation and application of nuclear reaction data 
Medical radioisotope production
Charged particle beam characterization (monitor reactions)
Accelerator and target technology
Thin layer activation for wear measurement

• Development of new application methods 
New isotope production methods
New labeling methods 
New data measuring methods 
New data application methods

4



Figure 3. Vertical beam-line for solid, liquid 
and gas targets

4. Production of radioisotopes for labeling
The aim of the application is to follow 

different biological and industrial processes 
by detecting radiations of the radioactive 
decay o f inserted radioactive probes or 
labeled compounds. There are two different 
methods according to labeling. In the first 
case the indicator radioactive isotopes are 
produced separately on a proper target and 
used for labeling after chemical separation. In 
the second case the radioactive isotope is 
directly produced in the sample participating 
in the investigated process.

4.1 Off-line labeling of biological and 
industrial processes

There are two high intensity beam lines 
with special target stations for production of 
radioisotopes in high yield. The vertical beam 
line at the ATOMKI cyclotron is a unique 
station in Europe used routinely in medical 
isotope production (see Fig 3). The remote 
controlled vertical beam line is equipped with 
an automatic target changer for 4 different 
solid, gas or liquid targets.

Figure 4. Horizontal beam-line for 
multipurpose use

Figure 5. Hot cells with lead-glass windows and 
manipulators

Figure 6. 123I production system
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For medical diagnostic purposes using 
Positron Emission Tomography the following 
radioisotopes/labeled compounds have been 
produced:

• [!1C]methionine
.  [150]buthanol, [l50 ]H 20
• [18F]dezoxy-D-glucose
• [124I] fatty acids, [124I] hyppurate
• "’Br-labelled oligonucleotid

Figure 7. The first PET scanner in Hungary

Figure 8. Tracing the sap-flow of plants with 
radioisotopes in field experiments

Rod 
Bearing»

Sump

External Haal
Oil Pump E xchanger

Figure 9. Basic principle of wear measurement

For biological investigations in collaboration with 
universities the following special radioisotopes 
were produced:

. 24Na

. 43 К
• Rb mixture
. 62,65Zn
. 203Pb

For tracing industrial processes the following 
special radioisotopes were produced:

• э6Со to test reactor cooling system
• 48V to test oil pipe-lines

For wear studies using implanted radioactivity 7Be 
was produced in large quantity.

4.2 On-line labeling
Main field o f the use of the on-line 

radioisotope labeling method is the Thin Layer 
Activation (TLA) method where we produce proper 
radioisotope usually directly in a very thin layer of 
the investigated sample subject to wear, corrosion 
or erosion process. At the ATOMKI cyclotron 
extensive irradiations have been performed for wear 
studies of

• Engine parts
• Railway wheels
• Machine parts
• Art materials

6



Figure 10 a-b. Thin layer activation irradiation of camshaft

5. Research and applications with fast 
neutrons

Two beam lines are available for 
irradiations with fast neutrons. At the high 
intensity irradiation site a water and He-gas 
cooled beryllium target is used for producing 
p+Be and d+Be neutrons with broad spectra 
mainly for application purposes. The low 
intensity irradiation site is used for neutron 
physics research either with broad spectrum 
d+Be neutrons or with quasi-monoenergetic 
d+D neutrons produced using a D2-gas target.

There has been a broad range of 
research and applications o f the neutron 
sources within the frameworks of numerous 
collaborations with local groups o f 
ATOMKI, other institutions in Debrecen and 
co llabo ra to rs  from H ungarian and 
international institutions.

Figure 11. High intensity fast neutron source

7

Figure 12. Low energy neutron irradiation site 
with D2-gas target and its gas handling system



5.1 Neutron physics

• Cross section measurements
• Neutron transport studies
• Integral measurements for validation of evaluated excitation functions and cross 

section data libraries

New cross section data have been measured for the excitation function of several neutron 
induced nuclear reactions in the En = 6-11 MeV neutron energy range using quasi-monoenergetic 
neutrons.

A search for discrepancies of cross section data was also performed via integral testing 
methods. In the first method cross sections integrated for well known broad spectra of d+Be 
neutrons were measured and compared with data of evaluated libraries and/or results of 
theoretical calculations for the excitation functions. In the second method, at fast neutron sources 
(d+Be, d+D, d+T, Pu-Be) with well known spectra, transmission type benchmark neutron 
transport experiments have been done for bulk media of different shielding materials (graphite, 
aluminum, iron, lead, bismuth, water, polyethylene and sand). The measured spectra of neutrons 
(leakage spectra) were compared to results o f Monte-Carlo simulations perfonned using cross 
section data of different versions of evaluated neutron data libraries (ENDF, JENDL, JEFF). 
Several discrepancies o f  cross section data have been found using the two types of integral testing 
method.

5.2 Bio-medical applications

• Physical dosimetry of mixed neutron-gamma fields
• Radiobiological research with human cells, bacteria and small animals related to fast 

neutron radiotherapy
• Study o f the effects of radio-protector and hypoxic radio-sensitizer compounds in 

mixed neutron-gamma fields
• Study of the synergic effects of neutron irradiation and infections by bacteria
• Biological dosimetry

These studies provided important radiobiological infonnation that can be used in planning 
and assessment o f effects of fast neutron exposition of human individuals (e.g. fast neutron 
radiotherapy, radiation protection related issues at nuclear and high energy physics installations 
and space applications, military applications etc.).

5.3 Agro-biological applications

• Induction o f mutations in seeds of hybrids and inbred lines (rice, soybean, wheat, com, 
onion, tomato, pea, bean etc.) for breeding purposes

• Study of neutron and gamma photon induced electron traps in different media (milk 
powder, bones, teeth etc.)

As a major result a new maize gene bank has been available at the Center of Agricultural 
Sciences of Debrecen University with 1500 maize lines with broad genetic variability, resistance 
and adaptability. The great genetic variability can be exploited after strict assessment and 
selection. Up to now three of the lines have been released after investigation of the distinctness, 
uniformity and stability (often referred to as the “DUS criteria”).



5.4 Radiation damage studies with fast neutrons

• Electronic and photonic devices: analogue ICs, memories, ASICs, light sources (LEDs 
and laser diodes), photo sensors (PM-tubes, a-Si Shottky sensors, p-i-n sensors, CCDs, 
CMOS active pixel sensors), optical materials (glues, glasses), optical fibers, opto- 
couplers

• Thin layer structures: Si-Si02, amorphous Si, SiC, CVD diamonds
• Detectors: silicon diodes, silicon microstrip detectors, parallel plate ionization 

chambers
• Systems: tiltmeters

5.5 Fast Neutron Activation Analysis (FNAA)

• Materials used for packaging integrated circuits
• ICs produced by flip-chip bond technologies
• Activation o f multi-chip modules
• Estimation of the effects o f neutron activation on device characteristics of ICs

Figure 13. Optical image of a multi-chip module (left) and its autoradiogram after neutron irradiation 
(right) showing “hot spots” of activation

The aim of the radiation damage and FNAA studies is the development of radiation tolerant 
components, devices and systems that can operate in radiation environments with neutron 
component (e.g. nuclear installations, high energy physics experiments, space, avionics and 
military applications). Most of the results have been used for the development of different sub
systems of the CMS, ATLAS and ALICE high energy physics experiments at the Large Hadron 
Collider at CERN (Geneva, Switzerland).

Results o f the memory tests have been used for selecting the components of the on-board 
mass storage system of the SMART-1 satellite of the European Space Agency (ESA). SM ART-1 
spiraled its way to the Moon using solar-electric propulsion and carrying a battery of miniaturized 
instruments. Because o f the small thrust of its ion propulsion engine the satellite was exposed by 
the harsh radiation environment of the van Allen belts o f Earth for weeks during its long journey 
to the Moon.
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6. Investigation of new application methods
Studies of basic processes and search for new or upgraded nuclear methods are required to 

improve and extend practical applications:

• Dynamic effects in gas targets
• High intensity targets
• TLA with shifted energy primary beam
• Thick target yield measurement by using thin targets
• Nuclear data for TLA
• New radiopharmaceuticals
• New methods o f chemical synthesis
• Investigation o f new production routes for medical radioisotopes

In connection with development and 
standardization of new application methods the 
Cyclotron Department participated in a few IAEA 
Coordinated Research Projects:

• Thin layer activation for wear 
measurement
CRP 1992-1996 
IAEA TECDOC-924

• Standardized high intensity solid targets 
for cyclotrons
CRP 2000-2003
IAEA Technical Report 432

• Improved high intensity gas and liquid 
targets for cyclotrons
CRP (in progress) Figure 14. Investigation of static and dynamic 

effects in interaction of charged particle beam 
with gas targets

horizontal vertical

Figure 15. Frames of recorded light emitted by the gas target during bom
bardment with horizontal and vertical beam for demonstration of the 
changes o f the beam volume in time
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7. Investigation of nuclear reaction data for non-energy related applications
Charged particle accelerators are used in broad fields of basic research and in different ap

plications. By using a charged particle accelerator we activate the dedicated target intentionally 
and simultaneously in a byprocess the accelerator itself, the target system, the beam line devices 
and the beam shaping devices.

The knowledge of the amount of the produced radioisotopes and/or the primer and secon
dary radiation is very important for the construction, for the operation and for the dedicated appli
cations. The precise nuclear data help in the optimization of all kind of irradiation. Among the 
experimental nuclear data the decay data can be measured with fewer uncertainties than the reac
tion cross sections. The predictivity of the recently used theoretical model codes is not satisfac
tory in most of the applications.

Measurements of activation cross section data are very important both for the everyday 
practice and for the improvement of the nuclear reaction theory. We have performed a very exten
sive study on the application related charged particle induced cross section data practically since 
the installation of the cyclotron. As a result, our group in collaboration with foreign institutes be
came one of the most important charged particle data group in the field of low and medium en
ergy reactions.

Our investigations are focused on the following fields:
• Measurement of new experimental data
• Theoretical interpretation of experimental data
• Compilation of the experimental data in standard EXFOR format
• Compilation and critical evaluation of literature data for production of recommended 

database
• Production of recommended databases for different applications

7.1 Measurement of new experimental data

We perfonned measurements for

• Production of medical SPECT radioisotopes
• Production of medical PET radioisotopes
• Production of radioisotopes used in internal radiotherapy
• Beam monitor reactions
• Activation data for accelerator based waste transmutation
• International Fusion Materials Irradiation Facility (IFMIF)
• Reactions used in thin layer activation
• Accelerator beam lines and target holding units

11



Table 3. Measurements o f experimental data. In collaboration with foreign laboratories, excitation functions
on 50 targets for about 1000 nuclear reactions have been measured
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Table 3. Measurements of experimental data. In collaboration with foreign laboratories, excitation functions
on 50 targets for about 1000 nuclear reactions have been measured (continued)
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Table 4. Accelerators used in measurements

Accelerator k-value Laboratory, City Beam

s s c 220 iThemba Labs, Somerset West (ZA) P
Cyclone 110 UCL, Louven La Neuve (BE) p, d

AVF 110 CYRIC, Sendai (JP) p, d
AVF 930 90 NIRS, Chiba (JP) p, 3He, a
CGR 560 40 VUB, Brussels (BE) p, d, a
U 120M 37 INR, Rez (CZ) P

CS 30 26 Mount Sinai Medical Center, Miami (USA) P
CV 28 
JULIC

28
45 FZ Jülich, Jülich (DE) p, d, 3He, a

MGC 20 20 Abo Akademi, Turku (FI) p, d, 3He, a
MGC 20 20 ATOMKI, Debrecen (HU) p, d, 3He, a

7.2 Theoretical interpretation of experimental data
At the beginning we made a few theoretical calculations by using the ALICE-IPPE and 

STAPRE codes. Later a collaboration was developed with the well-known, well-experienced theo
retical group at the Institute of Physics and Power Engineering, Obninsk, Russia. They have made 
systematic calculations for our measurements and evaluations by using the ALICE-IPPE, GNASH 
and EMPIRE-II statistical and pre-compound model codes. For the interpretation of the deuteron 
induced reactions DWBA (Distorted Wave Bom Approximation) calculations have been developed 
and a semi-empirical modification on the statistical codes have been done taking into account direct 
stripping processes. For some nuclear reactions the TALYS general code has also been used by the 
group at Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan.

The aims of the model calculations are:

• to check the prediction capacity of different model codes using а-priori calculations
• to have a preliminary knowledge on the behavior of the excitation functions before the ex

periment and during the data evaluation
• to evaluate contradicting experimental data measured earlier (effective threshold energies, 

energy shifts, significant differences in absolute values)
• to estimate contributions from nuclear reactions on different stable isotopes of the given 

element and from parent decays in the case of cumulative processes
• to estimate radionuclide impurities from residual nuclei having unfavorable decay charac

teristics (large Ti/г, no gamma etc.)
• to prepare recommended database

14



7.3 Compilation of experimental data in Standard EXFOR format
The practical applications are supported with the collection o f experimental data and o f the main 
measuring circumstances in an easy usable computer format. Experimental results published in any 
publications and reports are collected in a standard EXFOR (CSSR) format. The ATOMKI Nuclear 
Reaction Data Group has participated in the compilation work since 1992. Fig. 16 shows the 
retrievals of this database from the IAEA homepage and its mirror sites. In 2007 about 22000 

retrievals was detected which proves the usefulness of the EXFOR d a t a b a s e .
Nowadays, in the newest papers authors refer directly to this database 
because it contains checked and in some cases updated data. The ATOMKI is a 
member of the International Nuclear Reaction Centre Network.

Database/Year 2004 2005 2006 2007

ENDF 9574 5663 11703 29648
EXFOR 5733 7846 14840 22061

C1NDA+NSR 1414 3492 7746 5069
Medical Radioisotope 

Production 1800 1837 1779 2296

Photonuclear 1414 1461 1458 1286
PGAA 4084 5431 5040 3829

1BANDL 2044 5806 6967 7593

Service Comment
■ Computer Codes 
Я  Documents
■ OtherData 
Ж 1BANDL 
mPGAA
■ PhotoNuclear
■ RIPE Theory
Я  FENDL Fusion
■ Masses
l~~l IRDF Dosimetry
■ Thermal Capture 
Я  Wallet Cards
■ Med.Radio.Prod.
В NGAllus Activation
В RNAL
Я  ENSDF Structure
MM IRD Medical
Я  NUDAT
Я  CINDA+NSRBibliography 
В EXFOR Experimental
В ENDE Energy

гъ -l- 1/1 «о  о  о  о  ов о ® о о

Figure 16. Nuclear Data Services: web statistics
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7.4 Compilation and critical evaluation of literature data for recommended database
Different applications need different nuclear data and different specific nuclear reactions. It is 

very important to select the most reliable experimental data from the huge datasets, to correct them 
to the recent reference data and to prepare a recommended dataset in a handbook for special appli
cations. Taking into account that experimental data are not available in the whole energy range of 
interest the gaps should be filled by systematics or by theoretical calculations. Preparation of rec
ommended databases therefore is a task for a scientist (or a group of scientists) expert in measure
ments, data handling and theory.

The ATOMKI Nuclear Reaction Data Group participated in the following recommended databases:

Production of diagnostic SPECT radioisotopes
• CRP 1996-2001
• 16 reactions
.  IAEA TECDOC-1211
• http://www-nds.iaea.or.at/medical/

Production of diagnostic PET radioisotopes 
. CRP 1996-2001
• 10 reactions
.  IAEA TECDOC-1211
• http://www-nds.iaea.or.at/medical/

Monitoring beam parameters
• CRP 1996-2001
• 22 reactions
. IAEA TECDOC-1211
• http://www-nds.iaea.or.at/medical/

Production of therapeutic radioisotopes 
. CRP 2002-2007
• 34 reactions
• IAEA TECDOC (in progress)
• http://www-nds.iaea.org/radionuclides/index.htmlx

The data evaluation work is very time consuming and the efforts are appreciated by users in
different applications. The recommended database for production of diagnostic radioisotopes and 
the beam monitor reactions has been used by about 2000 users (see Fig. 16) every year, which 
shows its importance and usefulness.

8. International collaborations

1. CERN LHC CMS collaboration
Radiation tolerance tests of components of particle detector systems and their electronics 
that operate in radiation environment of the CMS experiment 2

2. EU-FP6 SME DIAMOND
Development of an innovative, accurate, monolithic CVD diamond array based radiation 
dosimeter system

16



3. HAS -  FZK (Forschungszentrum Karlsruhe) collaboration 
Thermonuclear fusion related research and developments:

a. Study of displacement cascades and helium behavior in beryllium by molecular dy
namics simulations

b. Development o f methods and techniques for chemical analyses o f tritium and its 
compounds

4. HAS -  FWO (Cyclotron Laboratory, Vrije Universiteit Brussel, Belgium) collaboration 
Nuclear reaction data for practical applications

5. ATOMKI -  CYRIC (Cyclotron and Radioisotope Center, Tohoku University, Sendai, Ja
pan) collaboration
Nuclear reaction data for medical applications and accelerator technology

6. ATOMKI -  IPPE (Institute of Physics and Power Engineering, Theoretical Department, 
Obninsk, Russia) collaboration
Theoretical calculations of nuclear reaction data

7. ATOMKI -  IAEA collaboration 
Coordinated Research Projects (CRPs) on

a. Recommended database for production of therapeutic radioisotopes
b. High intensity liquid and solid targets
c. Nuclear Reaction Data Centre network

8. ATOMKI -  TUW/AC2T (Technische Universität Wiena and Austrian Competence Center 
for Tribology)
Thin layer activation for wear studies

9. HAS -  JSPS and bilateral cooperation with National Institute for Radiological Research, 
Chiba, Japan
Production of PET radioisotopes and radiopharmaceuticals for biology and human diag
nostics, continuous from 2000

10. TéT cooperation with iThemba Laboratory for Accelerator Based Sciences, Somerset 
West, South-Africa
Investigation of methods for preparation of new PET and therapeutic radioisotopes and la
beled compounds, continuous from 2001

11. Cooperation between Academies (Abo Akademi, Department o f Chemical Processes, 
Turku, Finland)
Study of conversion o f n C-labeled compounds on zeolite-type catalysers, continuous from 
2003

17



9. Applications obtained

• National Scientific Research Fund
Radiochemistry: 5 applications, continuous from 1987 
Nuclear data measurement: 3 applications,
1998-2001, 2002-2005 and 2006-2009

.  FP-6
SME DIAMOND 2005-2007

10. Publication activity
The results of the research work related to the cyclotron studies during the last 20 years were 

published in international journals and the usefulness of our work is reflected in numerous citations:

• Scientific paper, book, thesis: ~470 (SCI ~250)
• Independent foreign references: -1320  (SCI ~660)
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G. Lévai

1.1 Join t d iscussion  o f th e  real and P T -sy m m etr ic  R o sen -M o rse  I p o ten tia ls

With the introduction of PT-symmetric 
quantum mechanics the V T -symmetric version 
of a number of exactly solvable potentials has 
been generated. These potentials are invariant 
under the joint action of the P  space and T  
time reflection operations, i.e. they obey the 
V*(—x) — V(x) relation. PT-symmetric sys
tems may possess real energy eigenvalues, but 
the pseudo-norm of the wave functions defined 
by the PT-inner product (ip\ф)-рт = (,Ф\'Рф) is 
indefinite, so their probabilistic interpretation 
can be restored only by introducing a further 
C charge operator in the metric.

The type I Rosen-Morse potential can be 
defined on the x  € [0, 7r] domain as

V(x) = ^ ± ^ - - 2 i A c o t ( x )  , (1)
sin (ж)

and its energy eigenvalues are

=  (s -  n f  + j T L -  . (2)
(s — n p

The corresponding eigenfunctions can be wit- 
ten in terms of Jacobi polynomials

ipn(x) =  Cn(l + icot(x))“2i'( l  — icot(x))^L 
xP (an,P")(—icot(x)) , (3)

where a n = s - n +  ■£. and ßn =  s -  n -  
The Rosen-Morse I potential (1) can be 

considered as the generalization of the symmet
ric Pöschl-Teller hole (with A = 0), which, in 
turn can be viewed as the extension of the in
finite square well (with s =  0). This is also 
seen in the structure of the energy spectrum 
(2), which follows a quadratic dependence on 
the principal quantum number n and is per
turbed slightly when the odd potential term is 
switched on (Л Ф 0) in (1).

The real Rosen-Morse I potential is ob
tained if Л is chosen to be purely imaginary: 
Л =  iA. This potential has been interpreted as 
the Kepler problem on the hypersphere, and 
it has also been applied as a quark-di-quark 
potential to account for the energy spectrum 
of (N  and A) baryon resonances. The PT - 
symmetric version of (1) is obtained if Л is real:

Л =  A. In the latter case the V  space reflec
tion operation has to be defined as reflection 
around x  =  7t/2 .

The study of the V T  -symmetric Rosen- 
Morse I potential [1] has been inspired by a 
similar analysis of the PT-symmetric Scarf I 
potential [2], in which the odd imaginary com
ponent is of the type i cot x /  sin x. The PT - 
normalization constants of its eigenfunctions 
have been determined and these results have 
been used by others to derive the C charge op
erator of this problem in a closed analytic form. 
The importance of this result lies in the fact 
that previously the C operator has been deter
mined for other systems by perturbative and 
approximative techniques.

The main results derived for the P T - 
symmetric Rosen-Morse I potential are the fol
lowing [1]. i) Closed analytic form has been 
given for the V T -normalization constants of its 
eigenfunctions and it has been shown that the 
pseudo-norm follows the same (—l)n type be
haviour as in the case of the PT-symmetric 
Scarf I potential. The normalization constants 
have also been given in closed analytic form 
for the eigenstates of the real potential for the 
first time, ii) It has been shown that in con
trast with the Scarf I potential, there is no pa
rameter domain in which both eigenfunctions 
can be regular at the boundaries, in) It has 
been demonstrated that similarly to the Scarf 
I potential, the spontaneous breakdown of V T  
symmetry cannot be defined for the Rosen- 
Morse I potential either, because the transi
tion (corresponding to s = — \  + iff) would im
ply strongly attractive inverse-square-type sin
gularities at the boundaries.

Another important aspect of the P T - 
symmetric Rosen-Morse I and Scarf I poten
tials is that they can be used to generate 
the angular component of non-central P T - 
symmetric potentials in 2 or 3 dimensions.

[1] G. Lévai, submitted to J. Phys. A.
[2] G. Lévai, J. Phys. A 39 (2006) 10161.
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G. Lévai

1.2 V T  sym m etry b reak in g  in n on -cen tra l p o ten tia ls

■pT-symmetric systems represent a special 
example for non-hermitian problems in quan
tum mechanics. The Hamiltonian of these sys
tems is invariant under the  simultaneous ac
tion of the V  space and T  time inversion op
erations. They resemble hermitian problems 
in that they typically possess real energy spec
trum. However, increasing non-hermiticity, 
e.g. the imaginary potential component the 
real energy eigenvalues merge pairwise and 
turn into complex conjugate pairs and at the 
same time, the energy eigenstates cease to be 
eigenstates of the V T  operator. The mech
anism of this spontaneous breakdown of V T  
symmetry has been investgated in one spatial 
dimension, and our aim was to extend these 
studies to higher dimensions [1,2].

Assuming that the solutions of the 
Schrödinger equation

-А 'ф(г)-\-У(г)'ф(г)=Е'ф(г) (4)

can be obtained by the separation of the 
radial and angular variables, we substitute 
ip(r,6,ip) = r~ V(r) sin-1 / 2 и>(в)т(р) in (4), 
where r  £ [0, oo), в £ [0, 7г] and £ [0, 27г]. 
Further, we assume that the  angular compo
nents of the wave function satisfy

сУ  = (Р(в) -  p )u  , (5)

r" = (K(<p) -  к)т , (6)
where r(<p) has to be defined with periodic 
boundary conditions. Then the complete 
three-dimensional problem becomes solvable if 
the non-central potential takes the form

V{r,0,ip) = V0(r)+
К  (ip) Р(в) к -  1/4

r 2 sin2 в r 2 r 2 sin2 в
(7)

Here Tó(r) is a central potential appearing in

-ф" + Vo(r) + i P ~ 4
ф-Еф = 0 . (8)

Note th a t (8) is formally identical with a con
ventional radial Schrödinger equation complete 
with a centrifugal term.

In order to solve (4) properly, the state- 
dependence of (7) has to be eliminated, i.e. 
its dependence on к has to be cancelled by 
combining the last two terms. This effectively 
means that (5) has to be solved with a poten
tial P(0) that contains a sin-2 в type term.

Next we investigate under which conditions 
the non-central potential (7) exhibits V T  sym
metry. It is seen that space reflection V  : r —> 
—r implies that V  can be factorized into two 
angular terms as V — VeVip , where Рев =  тг—в 
and Vtp<p =  <p +  гг. Note that these angu
lar V  operators differ from the usual space re
flection operator defined in one dimension as 
Vx = —X. Applying the above V  operator, the 
V T  invariance of (7) implies Vo(r) =  Vq (r) , 
Р*(тт -  в) = P(6) , K*{tp +  tt) =  К  (ip) and 
k* — k, i.e. the centrally symmetric compo
nent of the potential has to be real, while the 
two angular potentials have to exhibit a kind 
of V T  symmetry themselves, furthermore, the 
eigenvalue of the azimuthal equation (6) has 
to be real. Note that the last condition can 
be dropped if the last two terms of (7) can be 
combined. This can happen when the state- 
dependence of the potential is eliminated by 
applying the V T -symmetric Scarf I or Rosen- 
Morse I potentials in the polar equation (5) [2]. 
This finding confirms the results of an earlier 
study, i. e that the angular variables are essen
tial in introducing V T  symmetry [1].

The spontaneous breakdown of V T  symme
try occurs when the energy eigenvalues turn 
into complex conjugate pairs. This can hap
pen if the eigenvalue p of the polar equation 
becomes complex, i.e. if the V T  symmetry 
of (5) is spontaneously broken [2]. The spon
taneous breakdown of V T  symmetry in non
central potentials has been discussed previ
ously only in two dimensions [1]. The results 
of that study can also be used to introduce 
the spontaneous breakdown of V T  symmetry 
in the three-dimensional case via the azimuth 
angle component of the potential (7).

[1] G. Lévai, J. Phys. A 40 (2007) F273.
[2] G. Lévai, J. Phys. A, in press.
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2.1 T he L U N A  3H e (a ,7) 'B e  exp erim en t w ith  on -lin e  m eth o d

Gy. Gyürky, Z. Elekes, Zs. Fülöp, E. Somorjai, for the L UNA collaboration

The 3He(a, 7 )7Be reaction plays a crucial 
role in two distinct fields of nuclear astro
physics: in the hydrogen-burning of the Sun 
(and similar main sequence stars) and in the 
big-bang nucleosynthesis. In the pp-chain of 
solar hydrogen burning the 3He(a, 7 )7Be re
action is the starting point of the 2nd and 
3rd branches of the chain from where the 
high energy 7 Be and 8 В neutrinos are origi
nated. On the other hand, the rate of the 
3H e(a,7)7Be reaction determines the primor
dial 7Li abundance which provides a stringent 
test of the big-bang nucleosynthesis models. 
Therefore, the precise knowledge of the astro- 
physically relevant low energy cross section of 
3H e(a,7)7Be is of high importance.

The LUNA collaboration has carried out 
a research program aiming to measure the 
3H e(a,7 )7Be cross section with high precision 
at low energies. In the first phase of the exper
iments, the cross section has been determined 
with the activation technique measuring the 
decay of the produced 'Be nuclei. The mea
surements have been carried out at energies be
tween Ec.m. = 93 and 170 keV [1,2], lower than 
ever reached before.

The research program has been completed 
by the on-line measurement where the prompt 
7-radiation from the reaction has been mea

sured. Similarly to the activation, the on
line experiments have been carried out at the 
LUNA-2 400 kV accelerator at the Gran Sasso 
National Laboratory in Italy. An intense 
(300 pA) 4He beam bombarded a differen
tially pumped windowless 3He gas target. The 
prompt 7-radiation has been measured with 
an ultra low background HPGe detector. The 
cross section has been determined at three en
ergies: Ec.m. =  93, 106 and 170 keV. In order 
to investigate the possible difference between 
the cross sections measured with the on-line 
and activation methods, simultaneously with 
the on-line experiment the activation measure
ment has been repeated. Perfect agreement has 
been observed between the two methods [3].

With our new high precision results the 
uncertainty of the 8B and 7Be solar neutrino 
fluxes from the 3He(a, 7)7Be reaction rate is re
duced form about 8% to 3% and the solution of 
the 7Li problem of primordial nucleosynthesis 
based on the limited knowledge of this reaction 
rate is excluded.

[1] D . B em m erer e t  al. (L U N A  C o lla b o ra tio n ), Phys.
R ev. L ett. 97  (2006) 12502.

[2] Gy. G yürky e t  a l. (L U N A  C o lla b o ra tio n ), Phys.
R ev. C 75 (2007) 035805.

[3] F . C on forto la  e t  al. (L U N A  C o lla b o ra tio n ), Phys.

R ev . C 75 (2007) 065803.

Figure 1 . Astrophys- 
ical S factor of the 
3 He(a, 7 )7Be reaction 
from the present and 
previous works. The 
inset shows the LUNA 
data obtained with the 
activation and on-line 
method. For further 
details see ref. [3].
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2.2 G round  state c a p tu re  in 14N (p ,7) lsO at L U N A

Zs. Fülöp, Gy. Gyürky, Z. Elekes, E. Somorjai for the LUNA Collaboration

The 14N(p,7)150  reaction is the slowest 
process in the hydrogen burning CNO cycle 
and thus of high astrophysical interest. This 
reaction plays a role for the neutrino spectrum 
of the Sun as well as in the age determination 
of globular clusters. The reaction was recently 
studied in three experiments at energies rang
ing from Ecrn — 70 to 480 keV [1-3]. A signif
icant reduction of the ground state contribu
tion has been found [1,2]. However, the anal
ysis was hampered by the fact that the usage 
of large detectors in close geometry has as a 
consequence that the "ground state contribu
tion" is masked by summing-in due to coin
cidence events from the cascade transitions in 
150. Necessary corrections were of the order 
of a factor two to four, thereby increasing the 
uncertainty. Moreover, an R-m atrix analysis 
revealed th a t below the 259 keV resonance the 
data followed primarily the low energy wing of 
the resonance. These data could not probe the 
behavior of the interference structure, which is 
needed for reliable extrapolation, due to a min
imum of the S-factor curve near Ecm =  160 
keV.

The value of 5gs(0) depends on the Г7 of 
the subthreshold state at 6.79 MeV excitation 
energy in 15 О . The influence of a change in Г7 
of the subthreshold state is illustrated in fig
ure 1 where Г7 ranges from 0.6 (dashed line), 
0.8 (solid line) to 1 eV (solid thin line). When 
lowering the width of the subthreshold state 
SgS(0) decreases, the destructive interference 
minimum moves to lower energies and hence 
recovers much earlier at higher energies, i.e. 
the cross section is expected to be larger at 
energies above the 259 keV resonance. For the 
above range in Г7 one expects a change in cross 
section of a factor of three around 330 keV. 
We have therefore designed an experiment in 
the energy range 300 to 400 keV using a BGO

shielded Clover detector [5] to reduce signifi
cantly the summing-in contributions from the 
true coincidence events from the 15 О cascade 
transitions. The ground state transition has 
been investigated at center of mass energies 
of 318, 334 and 353 keV, respectively, using 
the LUNA-II accelerator at the LNGS under
ground laboratory in Italy.

The preliminary analysis proved that the 
summing-in corrections have been reduced to 
less than 30%. Further analysis to determine 
the relevant S-factor values and their impact 
on the Sgs (0) is in progress.

Figure 1. Astrophysical S-factor literature data 
[1,2,4] for radiative proton capture to the ground 
state of 150  as a function of center of mass energy 
illustrating the influence of change in Г7 of the sub
threshold state where Г7 ranges from 0.6 (dashed 
line), 0.8 (solid line) to 1 eV (solid thin line).

[1] A. Formicola, LUNA Collaboration, Phys. Lett.
B591 (2004) 61.

[2] R.C. Runkle et al, Phys. Rev. Lett. 94 (2005)
082503.

[3] A. Lemut, LUNA Collaboration, Phys. Lett. B634
(2006) 483.

[4] U. Schröder, et al, Nuci. Phys. A467 (1987) 240.
[5] Z. Elekes, et al, Nuci. Instr. Meth. A503 (2003)

580.
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2.3  T h e  d isa p p ea ra n ce  o f  iV = 2 0  m a g ic ity  s tu d ie d  in  n e u tro n -r ich  230  n u c le u s

Z. Elekes, Zs. Dombrádi, S. Bishopa\  Zs. Fülöp, J. Gibelinb\  T. Gomia\  Y. Hashimotoc\  N. 
Imaia\  N. Iwasad\  H. Iwasakie\  G. Kalinka, Y. Kondoc\  A.A. Korsheninnikova,f \  K. K urita9\  M. 
Kurokawaa\  N. Matsuic\  T. Motobayashia\  T. Nakamurac\  T. Nakaoe\  E.Yu. Nikolskiia,f \  T.K. 
Ohnishia\  T. Okumurac\  S. Otah\  A. Pereraa\  A. Saitoe\  H. Sakuraie\  Y. Satouc\  D. Sohler, T. 
Sumikamaa\  D. Suzuki9\  M. Suzuki9\  H. Takedae\  S. Takeuchia\  Y. Togano9\  Y. Yanagisawaa)

The stability of the shell closures are 
marked by the size of the shell gaps measured 
as the energy difference between the single par
ticle states belonging to different major shells. 
Going from 30Si to 240 , the N —20 shell gap is 
expected to gradually decrease, and N = 14,16 
shell gaps develop instead. Therefore, our aim 
was to determine the location of the excited 
states in 230 , which directly gives the single 
particle energies suitable to deduce the size of 
the N = 16 and N = 20 shell closures, via invari
ant mass spectroscopy combined with the (d,p) 
neutron transfer reaction.

The experiment was carried out at RIKEN 
where a 94 A-MeV energy primary beam of 
40Ar with 60 pnA intensity hit a 9Be produc
tion target of 3 mm thickness. The total in
tensity was approximately 1500 cps having an 
average 22О intensity of 600 cps. The separa
tion of 220  particles was complete. The sec
ondary beam was transmitted to a CD2 target 
of 30 mg/cm2. The reaction occurred at an 
energy of 34 A-MeV. The scattered particles 
were detected and identified by a 2x 2 matrix 
silicon telescope placed 96 cm downstream of 
the target. The first two layers were made of 
strip detectors (with 5 mm width of each strip) 
to measure the x  and у positions of the frag
ments. The protons emitted backward in the 
reaction were detected by 156 CsI(Tl) scintilla
tor crystals read out by photodiodes. The neu
trons coming from the decay of the produced 
23 О nuclei excited above the neutron separa
tion energy were detected by a neutron wall.
The energy of the neutrons was deduced from 
the TOF while the hit position was determined 
by identifying the rod that fired (in vertical di
rection) and by the time difference between the 
two photomultipliers attached to the ends of 
the rods (in horizontal direction).

The excitation energy spectrum of 23 О 
shown in Figure 1 was reconstructed from the 
momentum of the neutron and the heavy ion 23

22 О by calculating the invariant mass and 
using the known neutron separation energy 
(2.74 MeV). Two peaks are clearly visible at 
4.00(2) MeV and 5.30(4) MeV in the spectrum.

Figure 1. Reconstructed excitation energy spec
trum of 2 3 0. AneutrOn>10 MeVee. Shaded spectrum 
represents the background.

The (d,p) reaction populates the single par
ticle states of 23 О. From a comparison with 
shell model calculations, the first one is the 
neutron с?з/2 state, the energy of which gives 
the N = 16 shell closure to be 4 MeV. This 
is large enough to explain why 24 О is the 
last bound oxygen isotope. The second ex
cited state observed in the present experiment 
does not have any counterpart in the sd model 
space, and corresponds to a state from the fp  
shell. Its energy relative to the d3 / 2  state deter
mines the strength of the N = 20 shell closure to 
be 1.3 MeV and provides a direct evidence for 
the disappearance of the A =20 shell closure at 
Z=8.

a) RIKEN
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c) Tokyo Institute of Technology
d) Tohoku University
e) University of Tokyo
f) Kurchatov Institute
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h) Kyoto University



2.4 O bservation  o f e x c ite d  state  in  41Si
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Recently, the collapse of the Z=14 and 
N=28 shell closures has been revealed in very 
neutron-rich Si and P nuclei [1]. In order to fur
ther explore the behaviour of these shell gaps, 
we studied the excited states of 41 Si by in-beam 
7-ray spectroscopy from fragmentation of ra
dioactive beams.

The experiment was carried out at the 
GANIL facility, France. F irst a stabil 4/rA 
48Ca beam at 60 MeV/u was fragmented on 
a 12C target in the SISSI device. The pri
mary reaction products were selected by mea
suring their energy loss and time-of-flight at 
the ALPHA spectrometer. The cocktail beam 
impinged onto a secondary 9 Be target placed 
in the dispersive focal plane of the SPEG spec
trometer which was tuned to  maximise the 
transmission of 42Si. The secondary reac
tion products were unambiguously identified 
by their AE and positions determined by ioni
sation and drift chambers, furthermore by their 
TOF and residual energies measured by a plas
tic scintillator at the focal plane of SPEG. To 
detect 7 rays, the secondary target was sur
rounded by an 4-7Г array of 74 BaF2 scintilla
tors. The 7-ray spectra were obtained by se
lecting event-by-event the incoming nuclei and 
the ejectiles after the secondary target. The 7' 
rays were corrected for Doppler shifts due to 
the in-flight emission by the fragments.

As it can be seen in figure 1, a clear peak 
on a low background at 659±14 keV energy 
appears in the 7-ray spectrum of 41 Si. This 
finding is in accordance with the 770 keV en
ergy of the first 2+ excited state  in 42Si with 
N=28 and Z=14 [1]. Along the N=28 isobaric 
line the next double magic nucleus is 48 C a. In 
the neighbouring odd-N nucleus 47Ca the en
ergy of the first excited state was measured to

be 2014 keV. Comparing with that of 47Ca the 
low energy value of the first excited state ob
tained in 41 Si can be interpreted as a further 
indication of the disappearance of the N=28 
spherical shell closure at Z=14.

Figure 1. Gamma-ray energy spectrum detected 
in coincidence with 41 Si nuclei.

a) GANIL, Caen, France
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2.5 Study o f p roton -in d u ced  reaction s for th e  astrop h ysica l p p rocess

The stable proton-rich nuclei with charge 
number Z>34 are called p-nuclei [1]. It is gen
erally accepted that the main stellar mecha
nism synthesizing these nuclei - the so-called p- 
process - is initiated by consequtive (7 ,n) pho
todisintegration reactions on preexisting more 
neutron-rich seed nuclei. In the production of 
the light p nuclei (7 ,p) reactions are playing 
dominant role. Moreover, it has been stated 
that (p,n) reactions on s or r  seed nuclei can 
give an important contribution to the abun
dances of the light p nuclei [2]. Cross section 
data of (p,n) reactions in the energy and mass 
region relevant for the p process is scarce.

Recently the cross section of the 
70Ge(p,7)71As and 76Ge(p,n)76As reactions 
had been derived at ATOMKI [3]. The proton 
capture data had been excellently reproduced 
and the (p,n) data had been reasonably de
scribed by the statistical model calculations. 
Moreover, a sensitivity calculation had been 
performed in order to study the dependences 
of the statistical model calculations on nuclear 
inputs. It was found, that both the (p,7) and 
(p,n) cross section data can be described better 
with a modified proton optical potential (mod. 
JLM) than with the standard (JLM) potential 
[4]. Previously measured reaction cross sec
tions at this mass and energy range [5,6] had 
been also compared with the calculations us
ing this potential [3] and better agreement was 
found.

As a continuation of this work the cross sec
tion of 85Rb(p,n)85Sr reaction has been mea
sured at ATOMKI using the Van de Graaff and 
cyclotron accelerators. The energy range of the 
proton beam was between 2.2 and 4.0 MeV cov
ered with 200 keV steps. The reaction cross 
section has been determined using the activa
tion technique i.e. by measuring the 7 radia
tion following the ß  decay of the reaction prod
ucts. More details about the experiment can 
be found in [7]. Figure 1. shows the measured

astrophysical S  factor of the 85Rb(p,n)85Sr re
action and the results of the statistical calcula
tions using as input the standard JLM [4] and 
the previously introduced modified JLM poten
tial [3]. This independently confirms the con
clusions drawn from the previously measured 
proton-induced cross sections of Germanium 
isotopes [3].

Moreover, we have also shown that it is 
possible to determine the astrophysical reac
tion rates for the 85Rb(p,n)85Sr and for the 
85Sr(n,p)85Rb reactions from the measured 
cross sections despite of the negative reaction 
Q value.

Figure 1. Measured and calculated S-factor of 
the investigated reaction. The lines correspond 
to Hauser-Feshbach model calculation using the 
NON-SMOKER code with different proton optical 
potenials.
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2 .6  S tudy o f th e  ban d  stru ctu res in 104P d

During the past years, beside the A~130 
mass region, chiral candidate twin bands have 
been found also in odd-odd and odd-mass 
rhodium isotopes with A~100. The role of tri- 
axial deformation of the core in degeneracy of 
chiral band doubling has been pointed out in 
1 0 2 Ru and 103Rh [1]. More recently, a study 
of 106Ag has revealed that gamma softness has 
marked implications for the phenomenon of nu
clear chirality [2]. In order to further examine 
this effect on the stability of chiral geometry 
we studied the band structures of 104Pd, the 
core nucleus of 106Ag.

High-spin states in 104Pd have been studied 
through the 96Zr(13C,5n) reaction at beam en
ergies of 51 and 58 MeV, using the E uroball 
IV 7-ray spectrometer. The 7 rays were mea
sured in coincidence with charged particles 
detected by the D iam ant array in order to 
eliminate the contaminants from the stronger 
(13C,xn) reaction channels. A total of ~  2 x 109 
triple- and higher-fold coincidence events were 
stored among which ~  4.5 x 108 belonged to the 
i°4Pd reaction channel. On the basis of the 
analysis of 777-coincidence data, several new 
high-spin bands have been established. The 
ground state band has been extended up to 
E x ~12 MeV with 77r=(26+), while the pre
viously published negative-parity bands have 
been extended up to Ex ~11 and ~9 MeV 
with I n=(23“ ) and (20_ ), respectively. The 
theoretical interpretation of the experimental 
results obtained is in progress.
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Figure 1. The level scheme of 104Pd obtained in 
the present work.
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2 .7  Search  for ch ira lity  in  109A g
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The existence of nuclear chirality is one of 
the most intriguing questions of contemporary 
high-spin nuclear structure studies. Rotational 
doublet-band candidates for chiral structures 
have been observed mostly in two regions of 
the nuclear chart: around 134Pr, and around 
104 Rh. In this second region chirality in the Rh 
isotopes are rather well studied, chiral doubling 
have also been observed in 100Tc, however, re
sults obtained for chirality in the studied Ag 
nuclei (105Ag and 106Ag) look rather contra
dictory. Thus, it is interesting to study these 
doublet bands in the nearby higher-mass Ag 
nuclei.

(39/ 27).

Figure 1. Level scheme of 109Ag obtained in the 
present experiment.

In order to search for a chiral-candidate 
partner band to the yrast 7rg9/2K ^ ll/2)2 band 
in 109Ag, high-spin states of this nucleus 
have been studied using the 96Zr(180,p4n) re
action. The experiment was performed at 
iThemba LABS using 8 Clover detectors of 
the AFRODITE array and the DIAMANT 
charged-particle array to detect the 7-rays and 
the charged particles, respectively. Altogether 
«140 million 77-coincidence events were col
lected. Approximately 10 million events of 
them correspond to the reaction channel pro
ducing 109Ag. No chiral candidate partner 
band has been found to the rrgg^K hu/^)2 
band with this statistics, however, the level 
scheme could be extended by several new levels 
and 7-transitions.

A preliminary level scheme of 109Ag ob
tained from the ongoing data analyzis is shown 
in Fig. 1.
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2.8 A lpha captu re reaction  o f 113In in th e  p -p rocess energy  range

The p-process is one of the least studied nu
cleosynthesis processes. Due to the lack of ex
perimental data most p-process nucleosynthe
sis simulations rely on an extensive use of the 
Hauser Feshbach model for predicting the rele
vant reaction rates (e.g. [1]). While the Hauser 
Feshbach cross section predictions for proton 
capture on intermediate mass nuclei typically 
agree well within a factor of two with the ob
served data [2,3,4], there seem to be consider
able discrepancies between the predicted and 
observed alpha capture cross sections. This is 
underlined by the first results of alpha capture 
measurements in this mass range with the goal 
to probe the reliability of the Hauser Feshbach 
approach for p-process studies [5,6,7]. This has 
been interpreted as caused by insufficiencies in 
the choice of the alpha potential for the Hauser 
Feshbach calculations and considerable effort 
has been spent in investigating improved alpha 
potential parameters [8,9,10].

113In(a,7)117Sb reaction cross section mea
surements are being performed at the MGC cy
clotron accelerator at energies between 8 MeV 
and 12 MeV using the activation method. The 
reaction product 117Sb is relatively long-lived 
with half-life of 2.8h. The induced activity 
can be determined through the measurement 
the characteristic gamma decay transitions of 
158keV by using HPGe detector at ATOMKI.

In order to determine target homogeneity 
and target stability we made test targets from 
natural indium. The targets were prepared 
by evaporating natural indium onto thin (d =  
2.4/mn) A1 foil. The A1 foil was placed 4.5 cm 
above the crucible in a holder defining a circu
lar spot with a diameter of 12mm on the foil for 
In deposition. This procedure made it possible 
to determine the target thickness by weighing. 
The weight of the A1 foil was measured before 
and after the evaporation with a precision bet
ter than 5pg the indium number density could 
be determined from the difference.

A test irradiation was made at 12.427MeV 
energy with a natural indium target. Although 
the natural indium contains 4.29% u 3In, we

were able to see clear peak (E7=158 keV) com
ing from 113In(a,7)117Sb reaction. The ob
tained spectrum is in Figure 1. For the exper
iment, targets will be prepared by evaporating 
highly enriched (93.1%) 113In onto thin A1 foil. 
Thus 158keV peak will be about 22 times more 
intense at the same energy. This work is in 
progress.

Channel

Figure 1. Measured spectrum from natural in
dium target for test.
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2.9  S earch  for b a n d  te r m in a tio n  in  121X e  

G. Berek, B.M. Nyakó, J. Tímár and the HLHD collaboration

The high-spin states of 121Xe have been 
studied, using the 64Ni(64Ni,a3n) nuclear re
action, in order to identify terminating bands 
in this nucleus. The EURÓBALL 7-ray 
spectrometer and its ancillary charged-particle 
detector, DIAMANT, were used to collect 
gamma-particle coincidence events (for exper
imental details see Ref. [1]). The data were 
sorted into 77- and 777-coincidence matrices 
by requiring the detection of one a  particle.

The level scheme of m Xe, as shown in Fig. 
1, was constructed using the triple-coincidence 
relations and the energy and intensity balances 
of the 7-ray transitions. The level spins and 
parities were deduced from transition multipo
larities derived from measured DCO-ratios and 
linear polarisations. Most of the excited states

known from previous studies [2] were confirmed 
and some of the previously known bands have 
been extended to higher spins.

Configuration-dependent cranked Nilsson- 
Strutinsky-type calculations [3] were per
formed to help the interpretaion of high-spin 
states observed in 121Xe and the identification 
of terminating states. This work is in progress.

a) see A. Al-Khatib et al., ATOMKI Ann. Rep.
(2006) 13.,

[1] B. M. Nyakó et ai, Acta Physica Polonica B36
(2005) 1033.,

[2] J. Timár et al., J. Phys. G 21 (1995) 783.,
and references therein

[3] A. V. Afanasjev, D. B. Fossan, G. J. Lane, and
I. Ragnarsson, Phys. Rep. 322 (1999) 1.
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Figure 1. The observed level scheme of 121Xe
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2.10 R otational b a n d  structure in  132La

Spontaneous formation of chirality is a pos
sible explanation for the doublet Д1=1 rota
tional bands observed recently in several odd- 
odd nuclei in the Аяз130 and ArT05 mass re
gions. This scenario is in good agreement with 
the predictions of Tilted Axis Cranking cal
culations. However, the most recent results 
obtained from lifetime experiments for 132La, 
and 134P r seem to contradict the chiral inter
pretation of the doublet bands in these nuclei 
because the derived B(E2) values are consider
ably different for the two bands in the doublets. 
On the other hand, recent theoretical investiga
tions revealed that in some special forms of nu
clear chirality the equality of the B(E2) values 
for the two partner bands may not be necessary 
[1]. Therefore, it is im portant to further study 
these nuclei both experimentally and theoreti
cally in order to find new features that may be 
characteristic for nuclear chirality.

Rotational bands in 132 La were studied us
ing the 100Mo(36S,p3n) reaction at a bombard
ing energy of 160 MeV. The beam was provided 
by the Vivitron accelerator at IReS, Stras
bourg, with an intensity of approximately 30 
enA. The target was made of a single 500 
/lig/cm2 self-supporting, enriched 100Mo foil. 
7 rays were detected by the  EUROBALL IV 
spectrometer. Approximately 1.5xl09 triples 
coincidence events were collected. The level 
scheme of 132La has been deduced using E 7\ — 
E72 — E y 3  triples events which were sorted into 
RADWARE cubes. Typical 777-coincidence 
spectra are shown in Fig. 1. In order to obtain 
information on the 7-ray multipolarities, angu
lar correlation information has been extracted

from the coincidence data. The linear polar
ization of the strongest 7-rays were also mea
sured using the 24 clover detectors as Compton 
polarimeters. The analysis of the data is in 
progress. According to the preliminary results 
the level scheme of 132La could be extended by 
new levels and 7 transitions, which may help 
in assigning configuration to some of the rota
tional bands.
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Figure 1. Sample 7 7 7 -coincidence spectra of 
132La obtained in the present work. 7 -ray energies 
are given in keV.
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2.11 S y s te m a tic  s tu d y  o f  EC  d eca y s  in  th e  146G d  reg ion  re lev a n t for a 
M o n o en erg e tic  N e u tr in o  B e a m  F acility

M.E. Esteveza\  A. Algora, B. Rubioa\  J. Bernabeua\  E. Nachera\  D. Canob\  A. Gadeac\  J.L. 
Taina\  L. Batistd\  K. Burkardd\  J. Döringd\  M. Gierhkd\  W. Hüllerd\  R. Kirchnerd\  I. Mukhad\  
C. Plettnerd\  E. Roeckld\  J.J. Valientee)

The quest of non-zero neutrino mass has 
been one of the most exciting problems of the 
last years in physics, given that its evidence 
puts the Electroweak Theory of the Standard 
Model under scrutiny. Flavour mixing is a re
lated problem that still needs deep understan
ding: if the last unknown mixing [иез] is 
non-zero, the possibility is open for Charge 
Conjugation-Parity violation in the lepton sec
tor, which opens a window for new physics. For 
these topics to be studied, it will be desirable to 
have an intense tuneable neutrino source, that 
is, a pure monochromatic neutrino beam.

A monochromatic neutrino beam can be 
created using accelerated nuclei that decay 
through electron capture (EC) in a storage 
ring with long straight sections [1]. The EC 
process is a two-body problem, so the neu
trino energy is well defined, provided mainly 
one state is populated in the daughter nucleus. 
Tunning the energy of such beam and detec
ting the emergence of new flavour in a detector 
far away can make possible precise measure
ments of the neutrino oscillation parameters. 
We have made a systematic study of possible 
candidates for such a facility in the Gd region 
and found that certain nuclei of interest were 
already measured in some of our ealier TAS 
(Total Absortion Spectroscopy) experiments. 
For example, 152Yb could be a good candidate 
as its half-life is small (3.1 s).

The experimental data presented here were 
obtained during an experiment performed at 
GSI in 2001. This measurement was performed 
at the On-Line Mass Separator. This faci
lity provided a high yield of rare earth nuclei 
around 146Gd. In the measurements, a TAS 
detector which has both the high intrinsic effi
ciency and good geometry coverage needed in 
these studies, was used. The experiment was 
optimized for the study of 152Tm decay [2], 
but separated isobaric chain of mass A—152 in
cluded also 152Yb, which was produced via the

reaction 96Ru(58Ni,2p)152Yb at 4,53 MeV/u 
(beam energy at the target).

We are presently in the phase of analysing 
the data. A coincidence between the X ray of 
an element produced in the EC process and 
the 7 cascade produced in the consequent de
excitation is required in order to separate the 
EC component of each decay in the TAS spec
trum. This is done for each contaminant nu
cleus of the decay chain, separating their con
tributions. In Fig. 1 the black line represents 
the gamma spectra measured by TAS gated by 
the X rays of Yb’s daughter Tm. The grey line 
is produced by gating on Tb X rays, one of our 
major contaminants. The 152Er contaminant 
а -decays to 148Tb (T\ = lh ) which is present in 
all our data as a peak at 620 keV and must 
be substracted. With the present analysis we 
aim to demonstrate that the decay of 152Yb 
proceeds mainly to a single state at 482 keV 
excitation energy in 152Tm.

Channels

Figure 1. TAS spectra in coincidence with X rays.
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2 .12  Search ing  for f is s io n  r e so n a n ces  in  232U

L. Csige, M. Csatlós, T. Faestermannb\  Z. Gácsi, J. Gulyás, D. Habsa\  R. Hertenberger a\
M. Hunyadi, A. Krasznahorkay, R. Luttera\  H.J. Maiera\  P.G. Thirolfa\  H.-F. Wirthbl

According to recent calculations the depth of 
the third minimum for U isotopes is predicted 
to be much deeper than previously believed [1]. 
Calculations performed in Ref. [1] predicts ac
tually two deep third minima for different val
ues of the reflection-asymmetry.

In our most recent experiment the fis
sion probability of 232 U was measured as a 
function of the excitation energy, using the 
231Pa(3He,df) reaction in order to get informa
tion about the fission barriers of 232U. The ex
periment was performed a t the Tandem accel
erator of the Maier-Leibnitz Laboratory (MLL) 
at Garching with 3He beam at energy of 
E=38.1 MeV. The kinetic energy of the ejectiles 
was analysed by a Q3D magnetic spectrometer 
set to 35°. Fission fragments were detected by 
a position sensitive avalanche detector (PSAD) 
allowing for a detection of the fission fragment 
angular correlation with respect to the recoil 
axis (©д =  0° — 100°) w ith a solid angle cov
erage of 10% Of 47Г.

The experimental fission probability spec
trum is shown in Fig. la ). In contrast to our 
previous results obtained so far for 234U [2] and 
236U [3] sharp resonance structure has not been 
observed. This may partly be explained by the 
asymmetry of the inner and outer fission bar
rier heights which does not favor the occurrence 
of the transmission resonances.

In order to get the parameters of the fis
sion barrier from the measured fission proba
bility JWKB calculation was performed with 
parametrization used in [4]. Our results on the 
fission barrier with the deduced parameters are 
shown in Fig 2. Isotropy of the measured an
gular distribution (Fig. lb ) indicates the en
ergy interval of subbarrier fission as well as the 
height of the outer barrier which also supports 
our previous results.

a) Ludwig Maximilians Univ., München, Germany
c) Technische Univ. München, Garching, Germany

Ex (keV)

Ex (keV)

Figure 1. a) Fission probability spectrum with 
JWKB calculation b) Experimental angular distri
bution in the function of the excitation energy.

Figure 2. Triple-humped fission barrier of 232 U 
calculated by Cwioc (continuous line) and present 
work (dashed line).
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2 .1 3  S tu d y  o f  th e  fiss io n  barrier p a ra m eters  o f  233T h

M. Csatlós, L. Csige, T. Faestermannb\  J. Gulyás, D. Habsa\  R. Hertenbergera\  
A. Krasznahorkay, H.J. Maiera\  P.G. Thirolfa) T. Tornyi and H.F. Wirthb'l

From the detailed study of the hyperde- 
formed states in 234,236U isotopes, we obtained 
new insight into the fission barrier landscape in 
the actinide region and shed light on the depth 
of the third potential energy minimum [1]. In 
the case of 23L233Th isotopes Blons et al.[2] 
observed hyperdeformed resonances, claiming 
the existence of only a shallow third minimum. 
The fission probability they obtained from the 
232Th(d,pf) reaction at =  13 MeV is shown 
in Fig. 1.

Figure 1. Fission probability of 233Th measured 
by Blons et al.[2] in the (d,pf) reaction at =  13 
MeV.

In order to derive more accurate values for 
the barrier heights and to deduce the depth 
of the third minimum for 233Th, in our lat
est experiment we measured the fission proba
bility of 233Th and the angular distribution of 
the fission fragments following the 232Th(d,pf) 
reaction using the deuteron beam of the Mu
nich Tandem accelerator at an energy of 14 
MeV. A 70 /jg/cm2 thick 232ThÜ2 target de
posited on a 22 /xg/cm2 thin carbon backing 
was used. The kinetic energy of the proton 
ejectiles was analysed with a Q3D magnetic 
spectrometer set at &l =  139.2° relative to 
the beam axis, covering a solid angle of 10 
msr. The position of the analyzed particles in

the focal plane was measured with a position- 
sensitive light-ion focal plane detector with in
dividual cathode strip readout of 890 mm ac
tive length. Fission fragments were detected 
by two-position sensitive avalanche detectors 
(PSAD) constructed at ATOMKI, covering a 
total solid angle of 2.5 sr. The energy reso
lution was determined by measuring the low- 
lying states of 233Th. Taking into account the 
long-term stability of the Tandem accelerator, 
the overall energy resolution in the high exci
tation energy region was 7 keV. The measured 
fission probability is shown in Fig. 2.

Figure 2. Fission probability of 233 Th measured 
at Ed =14 MeV.

The vertical dashed line marks the upper 
limit of the excitation energy range measured 
by Blons et al. [2]. Comparing the present 
results with the previous ones, a more pro
nounced shoulder below 6.2 MeV is observed 
in the new experiment. A more careful analy
sis of the angular distribution of fragments is 
presently in progress in order to understand the 
differences between the two measurements.

a),b) LMU, TU München, Germany.
[1] M. Csatlós et al., Phys. Lett. B615 (2005) 175 and

citations therein
[2] J. Blons et al., Nuci. Phys. A414 (1984) 1, A477

(1988) 231.
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2 .1 4  N ew  s im p le  form  for p h e n o m e n o lo g ic a l n u c lea r  p o te n t ia l

P. S a l a m o n and T. Vertse

A simple form is introduced for phe
nomenological nuclear potential as an alterna
tive of the popular Woods-Saxon (WS) form

V w s (r) = ------ (1)
1 + e a

which has an infinite range in contradiction 
with the short range property of the nuclear 
forces. Therefore the WS shape is cut to zero 
at a certain finite Umax distance:

V W S ( r \  -  f  V W S ( r ) - if Г < R m ax
tr [ ’ 1 0 , if Г > R max .

( 2)

Due to the sharp truncation the function 
У Г ( г )  has a discontinuity and its derivative 
does not exists at r = Rmax■ Another incon
venient feature of the truncated WS potential 
is tha t the distribution of the broad resonant 
poles does depend on the value of Rmax- Since 
in the majority of the publications the Rmax 
values are not specified therefore the position 
of the broad resonances might be quite uncer
tain. In order to cure the deficiencies of the WS 
form we approximate it with a combinations of 
new finite forms like:

f P(r )
—er'2-p1 , if r < p

0 , if r > p ,
(3)

This form is continuous everywhere and its 
derivatives of all orders disappear at r = p.

V new{r) =  cofpo{r)+cif'pi(r) =  V (r,co,ci,/5o,pi) .
(4)

In order to get the best fit of the new poten
tial to the central WS term we minimize the 
integral

f  W (r,co,ci,po,pi) -  Vt™s (r)]2dr , (5)
Jo

as function of the new parameters, where p> =  
max{po, pi}. The parameters of the WS po
tential: Vo, R, a and Rmax are kept fixed dur
ing the minimization procedure.

We observed [1] that a typical WS form can 
be approximated reasonably well with the new 
form in Eq.(4) with four adjustable parame
ters. From the new parameters со resembles 
to Vo and pi resembles to R. The range po 
of the new potential takes over the role of the 
cutoff radius of the WS potential, although its 
value is much smaller than Rmax- The differ
ence po — pi correlates with the a diffuseness of 
the WS form.

For a matching distance Rm > po the pole 
position is independent of Rm. If we use the 
new form the range of the nuclear interaction is 
defined unambiguously in contrast to the WS 
form.

If we complement the new potential with 
a spin-orbit term in Eq.(6) the single particle 
spectra of the WS and the new forms are very 
similar. This is true not only in the bound 
state region but in the resonant region as well.

Vsnr ( r )  =  - —  2 ( 1 (6)rco dr

The sequence of the single particle levels of 
a WS potential with realistic parameters can be 
reproduced reasonably well with the new po
tential in which even the positions of the broad 
resonances are free from uncertainties.

Therefore we suggest to use the form in 
Eq.(4) as a new finite range potential instead 
of the truncated Woods-Saxon form.
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2 .15  S h ell co rr ec tio n  a n d  fu n c tio n  a p p ro x im a tio n

P. Salamona\  A.T. Kruppa

The prediction of nuclear masses is of 
fundamental importance for nuclear science. 
Despite the great progress of self-consistent 
models the so called macroscopic-microscopic 
method remains one of the most important tool 
for mass calculation. The macroscopic part of 
the binding energy is described by the finite 
range liquid drop model. The microscopic part 
consist of the shell and pairing energy. For 
the description of the shell energy Strutinsky 
introduced two methods. In the first method 
one averages over the single particle spectrum 
and in the second method the average is over 
the particle number. The second method was 
never widely used. Recently a new type of av
eraging over the particle number space have 
been introduced [1]. This new formalism is 
very simple however the mathematical founda
tion of it is very incomplete. The basic ingre
dient of the shell correction in particle number 
space is the function approximation which is 
a standard part of the mathematical science. 
Our aim was to investigate the performance of 
different and mathematically well established 
methods in the context of the shell correction 
calculations.

For a given mean field potential the sin
gle particle energies are e;. The total energy 
is E(N)  = £ i=1 a.  We may consider this 
relation as the definition of an unknown one 
variable function E(-). The function E(-) is 
given only at discrete points. From the pairs 
(N, E(N))  one has to construct a function E(-) 
which approximate the unknown E(-). It is 
easy to construct an interpolating function but 
we want a smooth approximation which de
scribes the average behavior of E(-). The shell 
correction for a given particle number N is 
given by E(N)  — É(N).  In [1] the smooth 
part of the energy is of the form E(N)  = 
E n > Cn .E{N ') exp{ - { N  -  N ' )2/ 72). This ap
proximation is similar to the Gaussian kernel

method of the mathematics. The rigorous the
ory is the Tikhonov regularization, where the 
unknown coefficients Cpjt are determined by 
minimizing , (E(N')  -  E(N' ) )2 +  A ||£ ||w. 
The value of the regularization parameter A 
determines the ’degree’ of the approximation. 
Interpolation corresponds to A =  0. The Fig
ure shows the input data pairs of (N , E ( N )) 
and two smoothed binding energy curves. One 
of them gives overfitting (similar to interpola
tion). The single particle energies were calcu
lated using a potential for 2260s. We are cur
rently working on the problem how to choose 
the regularization parameter properly. An an
other branch of approaches is the iterative reg
ularization methods (conjugate gradient, mini
mal residual, Landweber-Friedman). Presently 
we are also investigating how they perform in 
the shell correction method.
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T. Ricsóka, S. Ricz, Á. Kövér, К. Holstea\  A. A. Borovyk, J r.a\  S. Schippersa\  D. Varga 
and A. Müller^

3.1  A  new  exp erim en t for th e  ex isten ce  o f  th e  left-r igh t a sym m etry  in outer s-shell
p h oto ion ization

In the electromagnetic interaction parity is 
conserved, i.e., all processes are invariant un
der a mirror transformation of the coordinate 
system. However, in the last years we observed 
a left-right asymmetry in the double differen
tial cross sections of the outer s-shell photoelec
trons ionized by linearly polarized synchrotron 
radiation [1]. The left-right asymmetry param
eter A l r  was determined from [1]:

A lr
°L -  ctr 
° l + v r ' ( 1 )

alyzed electrons were counted by 22 channel- 
trons covering an angular range of 10° each. 
Their relative efficiencies were determined by 
measuring the angular distribution of the Ar 
L3 — М2,зМ2,з 2T>2 diagram Auger line at 203.3 
eV kinetic energy. All spectra were normal
ized to this Auger electron line. Photoelectrons 
ejected from the outer s-shells were collected at 
the same kinetic energy (Емп) in order to en
sure equal conditions for the measurements of 
Auger electrons and photoelectrons.

where a i  and ar  are the cross sections for pho
toelectron emission to the left (L) and to the 
right (R) hand sides, respectively, with respect 
to the photon propagation direction (see Fig. 1 
in Ref. [1] for further details).

In order to verify our previous observation 
[1] a series of measurements were carried out 
to study the left-right asymmetry parameters 
for the following s-shells of noble gas atoms: He 
Is, Ne 2s, Ar 3s and Xe 5s. The aim of present 
investigation was to test whether the left-right 
asymmetry parameters depend on the photon 
source.

The experiment was carried out at the 
beamline BW3 of the DORIS-III storage ring. 
The linear polarization of the photonbeam was 
monitored by recording the angular distribu
tion of Ne 2s photoelectrons. A polarization 
degree of 100 % was found. The emitted elec
trons were analyzed with a newly built ESA-22 
type [2] electron spectrometer of the Institute 
for Atomic and Molecular Physics (Giessen). 
This electron energy analyzer is capable of 
measuring the complete angular range of emit
ted electrons simultaneously (15°- 345° with 
15° steps). Therefore, the confidence in the 
pattern of the angular distribution is very high. 
Any instabilities in the photon flux or in the 
density of the target atoms produce the same 
effect at all angles.

At the exit of the analyzer the energy an

Atomic mass

Figure 1. The experimental and theoretical s-shell 
left-right asymmetry parameters as a function of 
the atomic mass for H2 molecule and for the no
ble gases from He to Xe. The solid circles show 
the measurement from Ref. [1] (the solid line is 
drawn to guide the eye) and the open circles are 
the present data. The dashed line and right hand 
scale denote the theoretical estimation of the left- 
right asymmetry parameters.

Figure 1. shows the comparison between 
our previous (solid circles) [1] and present 
(open circles) experimental left-right asymme
try parameters as well as the calculated one 
(dashed line and right hand scale). The the
oretical estimation is based on the parity vio
lation by the weak interaction through the ex
change of a Zq boson between atomic nucle
ons and electron shell [1]. The figure shows a 
very good agreement between the two experi-
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mental data sets. The definite non-zero asym
metry parameters suggest the breakdown of 
space inversion symmetry in photoionization. 
The present measurements confirm strongly 
our statement from Ref. [1] that the observed 
left-right asymmetry cannot originate from the 
weak interaction. It can be seen that the or
der of magnitude and the Z-dependence of 
the calculated data are in contradiction with 
both measurements. Another explanation was 
suggested in Ref. [1]. Namely, if the photon 
package is extremely short in the case of syn
chrotron radiation and the phase difference be
tween the carrier-envelope and the VUV pho
ton is constant, left-right asymmetry (or vir
tual parity violation) may exist similarly to 
the ultra short laser light-atom interactions ob
served by Paulus et. al. [3]. The good agree
ment between the two experimental data sets 
means that the time structure and phase differ
ence between the carrier-envelop and the pho
tons are same for both synchrotrons (Max-II 
in Lund, Sweden and DORIS-III in Hamburg, 
Germany) which is inconceivable.

In conclusion, a left-right asymmetry has 
been observed in photoionization created by 
linearly polarized synchrotron radiation. The 
experimental left-right asymmetry parameters 
were determined for photoelectrons ejected 
from the outer s-shells of noble gas atoms He, 
Ne, Ar and Xe. The present observation to
gether with our previous one [1] strongly indi
cates that the left-right asymmetry is a result 
of a real physical process and cannot be inter
preted as an instrumental effect.

Both experimental asymmetry data sets do 
not increase with increasing nuclear mass. This

behaviour and the order of magnitude of the 
measured effect do not agree with the theoreti
cal predictions for parity violation by the weak 
interaction (see Fig. 1.). Present non-zero left- 
right asymmetry parameters refute the inter
pretation of the breakdown of space inversion 
symmetry with a few cycle VUV photon pack
age. It is hard to believe that two different 
synchrotrons and beamlines exhibit exactly the 
same carrier-envelopes, phase differences and 
time structures of the photon pulses.

The present results cannot be explained 
with existing models and experiments for the 
breakdown of atomic space inversion symme
try. Further experimental work is needed to 
investigate the behavior of the left-right asym
metry in more detail. We hope to stimulate 
theoretical research into the origin of the ob
served puzzling effect.
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3 .2  Io n iz a tio n  o f th e  h y d r o g e n  a to m  in  in ten se  u ltr a sh o r t  la ser  fie ld s

S'. Borbélyt, К. Tőkési, L. Nagy0-'1

The ionization of the atomic hydrogen by 
intense ultrashort laser pulses is studied the
oretically. The calculations were performed 
applying quantummechanical and classical ap
proaches. The classical calculations were done 
within the framework of the classical trajec
tory Monte-Carlo (CTMC) method, where the 
Newton’s classical nonrelativistic equations of 
motions are solved [1] numerically when an 
external sine-square enveloped electromagnetic 
field is included.

Treating the problem quantummechani- 
cally, the solution of the time dependent 
Schrödinger equation (TDSE) of our system is 
searched in the following form

T'(i) =  J  dkc(k,t)4>v{k,t), (2)

where xV y ( k ,  t )  are the Volkov wavefunctions. 
This approach transforms the TDSE into mo
mentum space

d i f
- c ( 5,í)  =  - ^ 3  J  dsc(s + q,t)x

X e - i t i d t ' s ( s + 2 q + 2 Ä ( t ' ) )  J  J r y ^ e i s r  (3)

where the equation for the expansion coeffi
cients is solved iteratively. In the  first iteration 
step the Coulomb potential, V  (r) is neglected 
and the obtained approach is identical with the 
Volkov model. Using the Volkov solution in the 
right hand side of the Eq. (3) the first order 
solution was derived.

The double differential ionization proba
bilities as a function of ejection energy and 
ejection angle were calculated using CTMC, 
Volkov and first order model for different laser 
pulse parameters. At a large scale all three 
models predicts the same probability distri
butions. In each approach the electrons are 
ejected with maximum probability along the 
polarization vector ё.

Figure 1. The spectrum of the photoelectrons for 
a laser pulse with duration of 3 a.u. and with in
tensity of Eo = 10 a.u.

The spectrum of the photoelectrons was ob
tained from the ionization probability density 
by integrating over the ejection angles. The 
results given by our models was also com
pared with results provided by the Coulomb- 
Volkov(CV) model and by the numerical so
lution of the TDSE [2]. On Fig. 1. a good 
agreement is observed between the TDSE and 
CTMC curves, which confirms the classical na
ture of the over the barrier ionization. The 
agreement between the first order and TDSE 
results is also good and it is better then the 
agreement between the TDSE and other quan
tum models (CV, Volkov).
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3.3  In flu en ce  o f  th e  C ou lom b  in tera c tio n  on  th e  io n iz a tio n  o f  th e  h y d ro g en  a to m  
by in ten se  u ltra sh o rt laser p u lse s

S. B o r b é ly t ,  К . T ő kési, L . NagyT

The ionization of the hydrogen atom in in
tense laser field is studied theoretically em
ploying quantummechanical and classical mod
els. Classical calculations were performed 
within the framework of the classical trajec
tory Monte-Carlo (CTMC) method and the ob
tained results are considered to be the "exact" 
ones. For quantummechanical calculations the 
Volkov and the first order models were used. 
The main difference between them is that in 
the Volkov model the Coulomb interaction be
tween the ionized electron and the residual ion 
is neglected. The comparison of the first order 
and Volkov results allow us to study in details 
the influence of the Coulomb interaction during 
the laser pulse.

W *0.02 a.u. We*3.5 a.u.

Figure 1. The angular distribution of the elec
trons ejected with a given energy (W e) for a laser 
pulse with duration of 5 a. u. and with intensity of 
1 a. u. Solid line - first order; Dotted line - Volkov; 
Squares - CTMC.

The angular distribution of the electrons 
ejected at given energies is studied in details. 
At low ejection energies (see Fig. 1.) big dis
crepancies are observed between the first order 
and Volkov distributions. The observed dis
crepancies diminishes and disappears at higher 
ejection energies, which indicates that during 
the ionization the electrons with high ejection 
energies are less influenced by the Coulomb in
teraction then the electrons with low ejection 
energies. This can be explained using a sim
ple intuitive picture presented on Fig. 2. The

electrons with high ejection energy have their 
momentum in the initial state in the same di
rection as the net momentum transfer leading 
to a trajectory, with a very small portion close 
to the core where the Coulomb potential has 
a significant influence. On the other hand the 
electrons with lower ejection energies have a 
momentum in the initial state, which leads in 
the opposite direction of the net impulse trans
fer. In this way the low energy electrons need 
to "go around" the core, leading to a trajec
tory, which has a long portion close to the core, 
where they can be influenced significantly by 
the Coulomb interaction.

Figure 2. Two possible electron trajectories dur
ing the ionization corresponding to electrons with 
high (Solid line) and low (Dotted line) ejection en
ergies.
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3.4 B ey o n d  the stron g  field  m odel in  atom ic sin g le  p h oto ion ization

We investigate the effect of the Coulomb 
potential of the atomic core on the dynamics 
of the detached electron for single ionization by 
strong short-laser pulses. In the present work, 
we make use of a time-dependent distorted- 
wave theory, the Coulomb-Volkov (CV) ap
proach [1], which allows us to consider the ef
fect of the remaining core at the same level of 
approximation. In this way, we can probe the 
effect of the core potential on the dynamics of 
the detached electron.

- 1 .0  - 0.5  0 .0  0 .5  1.0

k2 (a.u.)

Figure 1. 2D-momentum distributions of emitted 
electrons from H. Laser wavelength 910 nm, inten
sity 5x1013 W/cm2 and duration 10 fs. (a) Volkov 
(SFA), (b) Coulomb-Volkov, and (c) ab initio cal
culations.

We compare CV and the standard Volkov 
(V) approximation with full numerical results 
of the time-dependent Schrödinger equation 
(TDSE) [2]. The V model is not adequate to 
resemble the full electron emission momentum 
spectrum, i.e., the near-threshold interference 
structure [fig. 1(a)] [2-4] and the cusp of the 
transverse momentum distribution [fig. 2(a)], 
In turn, as the distorted final state in the CV 
theory includes the distortion introduced by 
the Coulomb potential, it reproduces the low- 
energy interference pattern [fig. 1(b)] as also 
the cusp in the transversal momentum distri
bution [fig. 2(a)].

CEP (radians)

Figure 2. (a) Transversal momentum distribu
tion, (b) asymmetry parameter as a function of the 
CE phase.

A study of the momentum distributions for 
zero carrier-envelope phase shows that the CV 
theory accounts also for the backward-forward 
asymmetry [fig. 2 (b)]. This is not the case for 
the V theory, which predicts a sinusoidal func
tion of the asymmetry coefficient as a function 
of the carrier-envelope phase (CEP).
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3 .5  E m iss io n  o f  e le c tr o n s  in a to m ic  sin g le  io n iz a tio n  by su d d e n  m o m e n tu m  tr a n s 
fer: Q u an tu m  an d  c la ssica l d is tr ib u tio n s

D.G. Arbóa\  К. Tőkési

We investigate the electron emission from 
hydrogen atom in the framework of a sudden 
momentum transfer (Др). We calculate the 
various distributions of emitted electrons both 
quantum mechanically, by solving the time- 
dependent Schrödinger equation (TDSE) and 
classically, using a classical trajectory Monte 
Carlo (CTMC) method [1].

kz (a.u.)

Figure 1. Up: Energy distribution of emitted elec
trons. Down: 2D-momentum distributions. The 
net momentum transfer is Др = 5 a.u.

We show that the energy and the doubly- 
differential momentum distributions look quite 
alike in TDSE and CTMC approaches (see Fig. 
1). In both cases the energy distribution pos
sesses a maximum at E =  (Др)2/2, and the mo
mentum distribution has a maximum at Др=5 
along the momentum transfer direction, as ex
pected [2]. Discrepancies are found for small 
Др, where the classical total ionization proba
bilities are smaller than the quantum one and 
the distributions are different. Despite the

quantum-classical correspondence for the 2D- 
momentum distributions, the maximum of the 
quantum partial population is at lower angular 
momentum than that of for classical one. This 
is due to the discrepancy between the classical 
and quantal initial spatial distribution (Fig. 2).
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Figure 2. Angular momentum of emitted 
electrons calculated both quantum-mechanically 
(TDSE) and classically (CTMC).

We also investigate the sudden momentum 
transfer using the Coulomb-Volkov approxima
tion (CVA) [3]. We observe that the CVA is ap
propriate for the quantal description of various 
distributions of emitted electrons by a sudden 
momentum transfer.
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3.6 O b serva tion  o f  t h e  tw o -e le c tr o n  cu sp  in  a to m ic  co llis ion s:  
E v id e n c e  for s t r o n g  e le c tr o n -e le c tr o n  co rre la tio n

L. Sarkadi and A. Orbán

In this report we present experimental data 
for a process when two electrons with veloc
ity vectors equal to that of the projectile are 
emitted from collisions. By observing the two- 
electron cusp the study of the threshold phe
nomenon for two-electron break-up is possible. 
It is a particulary interesting question whether 
the outgoing charged projectile can attract the 
two repulsing electrons so strongly that the 
two-electron cusp is formed. If it is so, a fur
ther question arises: Are the  two electrons cor
related in the final state as it is predicted by 
the Wannier theory [1]?

The experiments have been done at the 
1 MeV VdG accelerator of ATOMKI using 
our TOF spectrometer [2]. The first mea
surements clearly showed the formation of the 
two-electron cusp and signature of the elec
tron correlation in 200 keV He°+He collisions 
[3]. These promising results motivated us to 
carry out the experiment at 100 keV beam en
ergy where the coincidence count rate is still 
reasonable but the energy resolution is bet
ter. For an acceptable da ta  acquisition time 
we improved our data acquisition and data pro
cessing system for triple coincidence measure
ments. In Fig. la we present our measured rel
ative fourfold differential cross section (FDCS) 
that shows strong electron correlation. For a 
comparison, in Fig. lb  we displayed the con
tour plot for uncorrelated electron pair emis
sion. These latter data were synthesized ar
tificially, generating the energies of the elec
tron pairs from two independent double coin
cidence experiments. In both figures the distri
butions are characterized by two ridges. In Fig. 
lb the ridges are perpendicular straight lines 
(Ei =  E 2  =.13.6 eV). As a result of the correla
tion, the ridges in Fig. l a  are distorted in such 
a way tha t they have a joint straight-line sec
tion following the line E \ +  E 2  = 27.2 eV. This 
means tha t the electron pairs in the vicinity of 
the cusp maximum are emitted with a center- 
of-mass velocity equal to th a t of the projectile.

The two-electron emission from a moving cen
ter strongly suggests the picture of formation 
of quasi-stationary low-lying two-electron con
tinuum states around the projectile. On the 
basis of this picture the observed strong energy 
correlation can be explained by an angular cor
relation of 180° in the projectile-centered refer
ence system: The correlation between the low- 
and high-energy emission in the laboratory sys
tem corresponds to that between backward and 
forward emission in the projectile frame. This 
result is consistent with the Wannier theory.

10 12 14 16 18
Energy of e, [eV]

Figure 1. Contour plots of FDCS as a function 
of the electron energies obtained at 0° in 100 keV 
He°+He collisions. Part (a): Measured FDCS. 
Part (b): FDCS for uncorrelated electron emission.
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3 .7  Search  for m u ltip le  e le c tr o n  sc a tte r in g  se q u e n c e s  in  s im p le  sy s te m s

K. Tőkési, В. Sulik

Double differential spectra of electrons 
ejected in ion-atom or ion-solid collisions are 
in the focus of general interest for a long time. 
These spectra are relatively easy to measure, 
and they show many fine details relevant for 
the collisions dynamics. In the past decade spe
cial effort has been devoted to understand the 
high energy part of the electron spectra. Sig
nificantly enhanced emission of fast electrons 
far above the so-called binary encounter energy 
was observed in both ion-atom and ion-solid 
collisions [1,2]. In some cases, fast electrons 
have been identified from double, triple and 
quadruple scattering by the projectile and tar
get cores [2]. The ejected electron gains energy 
in every encounter with the projectile in such 
processes. This mechanism is often referred to 
as Fermi-shuttle acceleration.

Most of the experiments were performed 
with dressed heavy projectiles and heavy tar
get atoms, where the cross section is large 
enough for observing multiple scattering pro
cesses. No quantum calculations were possi
ble at such complexity, only classical trajec
tory Monte-Carlo (CTMC) calculations have 
been performed for modeling these collisions 
[2]. Surprisingly, quantitative agreement has 
been found for many collision systems. More
over, the analysis of the classical particle tra
jectories allows one to identify multiple scat
tering events in the classical sense.

The aim of this work is to study the pro
cess for simpler collision systems, which can 
be handled by both classical and quantum cal
culations. The relevant cross sections might 
be too small to be measured, but they can be 
identified and compared in classical and quan
tum calculations. In the present work, as a 
first step, we apply the CTMC method for 25

keV He2+ +  H collisions at selected impact pa
rameter (b) values. The first results, calculated 
differential ionization probabilities at b = 0.05 
a.u, are shown in Fig. 1. The electron yield 
above 13.6 eV kinetic energy is expected to 
originate from multiple scattering. An addi
tional feature is the predicted large enhance
ment of the electron yield at backward obser
vation angles.

Figure 1. Double differential ionization probablil- 
ity, P{Q,E), in collision between 25 keV He2+ and 
H at an impact parameter b = 0.05 a.u.
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3 .8  A b  in it io  m o lec u la r  tr e a tm e n t o f  ch arge  tra n sfer  p ro cesse s  in d u ced  by co llis io n  
o f  C 2+ ions w ith  t h e  O H  rad ica l

E. Bene, Á. Vibóka\  G.J. Halászb\  M.C. Bacchus-Montabonelc)

Interaction of ionizing radiation with bio
logical tissue can induce severe damage to 
DNA. Up to now, direct processes have been 
mainly considered, but, from a biophysical 
point of view, very important damage is caused 
by indirect processes, in particular, the ac
tion of ions on water molecules produces OH  
radicals which can then interact strongly with 
the biological medium. From the experimen
tal point of view excitation and fragmentation 
processes have been mainly investigated, but 
charge transfer has been shown to be a com
plementary process [1,2].

In this work the charge transfer of C2+ ions 
in collision with the OH  radical has been stud
ied theoretically by means of ab initio quan
tum chemistry molecular methods followed by 
a semiclassical dynamical treatment in the 
[0.1 — 0.35] a.u. collision velocity range. In 
this first step, the linear approach has been in
vestigated, taking account of the influence of 
the variation of the distance го н  of the target 
during the process.

Figure 1. Charge transfer cross-sections for the 
C2+ - OH system for the different geometries of 
the OH radical.

The total cross-sections are presented in Fi
gure 1 for the different geometries of the OH 
target. The results show clearly a regular in
crease of the cross-sections when the vibra
tion coordinate is reduced from го н  =  2.0 
to го н  =  1.7 a.u.. On the contrary, for the 
shorter OH  distance го н  =  1-6 a.u., there is a 
first decrease of the total cross-section at lower 
velocities before reaching the more regular vari
ation previously observed. Such a distance cor
responds to a very strongly constrained OH  ge
ometry and the collision with C2+ could lead 
to a strong and very rapid relaxation of the 
target.
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3 .9  D o u b le  io n isa tio n  o f  H e  w ith in  th e  fram e o f  in d e p e n d e n t e v e n t m o d e l

L. Gulyás, A. Igarashia\  P. D. Fainstein^ and T. Kirchnerc)

For those numerous collision processes, 
where the correlated motion of electrons are 
negligible, the independent event model (IEV) 
provides a simplified but realistic tool for the 
theoretical evaluation [1]. The IEV can also be 
invoked for investigating correlated mechanism 
as deviations between the confronted experi
mental and theoretical results might indicate 
the possible role of e-e interaction. It is obvi
ous that an accurate evaluation of IEV prob
abilities and cross sections are very important 
in order to get the appropriate conclusion.

The accuracy of the IEV probabilities rely 
mostly on the evaluation of the one-electron 
transitions amplitudes that for a general case 
of ionisation can be obtained as [2]

-foo

E  E H )lii+AmiyT(k)
fj= —oo l m

r  oo
„-iW.+iO.+Am),, / чЛ,/|м .Д т|(СТ)ЛЛ"(Ч),

J 0
(4)

where p  = (p, <pp) denotes the impact param
eter, Am  — m — m, is the change of the az
imuthal quantum number of the electron emit
ted with momentum vector k. Rim{rj), which 
is more often easier to evaluate than a(p), is 
the partial transition amplitude as a function 
transverse momentum transfer rj = (r/, <pv). 
The sum over p express the azimuthal varia
tion of Rim{t?)(= E  e ^ ^ R ^ r j , ^ ) )  corre
spond to the distortion effects of the projectile 
field on the ejected electron distribution.

In many applications of IEV a further ap
proximation is implemented by replacing the 
J\p + Am I Bessel functions (in the above for
mula) with the simplest Jo term (see [3] and 
references therein). This is a serious simplifi
cation as it completely modify the relative con
tribution of partial transition amplitudes and 
the distortion effects caused by the projectile.

This well seen in the figure, where the total 
cross sections for double ionisation (DI) of He 
by proton are presented. The DI cross section, 
within the framework of the IEV model, can 
be evaluated as

roc
aDI =  2n d p p P He(p)PHe+(p),  (5) 

Jo

where Px(p) — \ax(p)\2 denotes the one- 
electron ionisation probabilities, respectively, 
for He and He+ targets.

Figure 1. Total cross sections for double ionisa
tion of He by proton impact evaluated within the 
frame of IEV. Solid line: present CDW-EIS calcu
lation; dashed line: present CDW-EIS calculation 
with a change of all J\p+Am\ to Jo in (4), (see ref. 
[4] for more details). • experimental data [5].
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3 .1 0  R eso n a n t A u g e r  d eca y  o f  2p  h o le  in a rg o n  in d u ced  b y  e le c tr o n  im p act

M. Zitnika\  M. Kavcica\  M. Bucara\  B. Paripásb\  В. Palásthyb\  К. Tőkési

By (e,2e) technique we study a well-known 
L-MM energy region of argon. For any electron 
impact energy, if energy loss is chosen properly 
by fixing one of the two electron detection en
ergies, the continuous process of an outer shell 
electron ejection completely overlaps with the 
resonant Auger processes mediated by singly 
excited states [2p\nl below the L2,3 thresholds. 
In other word, the origin (the ionic state left 
behind) of the ejected electron which belongs 
to the continuous process is determined by the 
sum of its energy and the energy of the scat
tered electron provided the electron impact en
ergy is known. Exactly the same final states 
then appear in the resonant Auger decay if the 
electron impact energy is properly chosen. It 
has been shown previously by non-coincidence 
measurement that resonance-continuum inter
ference affects the relative line intensities in the 
resonant Auger spectra taken at different in
coming photon energies [1]. Besides PCI ef
fects also strong interference effects were found 
in the L-MM region of (e,2e) spectra if the en
ergy deposited in the target was close to the L 
shell threshold [2]. This was attributed to the 
fact th a t the electron pair: fast scattered elec
tron (ss 740 eV) - Auger electron («  200 eV) is 
not distinguishable from the electron pair emit
ted in a direct satellite-state ionization.

In our experiment the electron impact en
ergy is reduced so that the energy of the scat
tered electron matches the energy of the (res
onant) Auger electron at certain point in the 
spectrum. Now not only the final state pairs, 
but both electrons in each pair become indis
tinguishable. That way we could also study 
the state-to-state interference [3] where the res
onant Auger electron from decay of a given 
resonance together with the scattered electron 
form an electron pair which can not be distin
guished (at the same electron impact energy) 
from a pair generated by decay of another res
onance; in this case, of course, the role of the 
scattered and the Auger electron are reversed

and the electrons must have different energies.
To the purpose we are using two highly 

efficient CMA spectrometers each with large 
acceptance angle (each 1.5% of the full solid 
angle) [4]. In figure we present three spectra 
recorded a) above the L2 threshold, b) on the 
[2p]3/23rl resonance, and c) below the first res
onant excitation.

Figure 1. Argon spectra recorded at fixed detec
tion energy £'2=209.6 eV at three different electron 
impact energies.

This work was supported by the TéT Grant No. 
SLO-15/05 (BI/HU-06-07-015), the grant Bolyai 
from the Hungarian Academy of Sciences, the Hun
garian National Office for Research and Technol
ogy-

a) J. Stefan Institute, Jamova 39, P.O.B. 3000, SI 
1000, Ljubljana, Slovenia

a) Dept, of Physics, University of Miskolc, 3515 
Miskolc-Egyetemváros, Hungary

[1] R. Camilloni et al., Phys. Rev. Lett. 77, 2647
(1996).

[2] D. K. Waterhouse and J. F. Williams, Phys. Rev.
Lett. 79, 391 (1997).

[3] J. P. van den Brink et al., J. Phys. В 2 2 , 3501
(1989).

[4] A. Kövér et al., Nucl. Instr. & Meth. A 373, 51
(1996).

46



3.11  Io n iza tio n  o f  n e o n  by in te r m e d ia te  en erg y  ca rb o n  io n s

S.L. McLawhorna\  L.H. Toburena\  J.L. Shinpaugh°\ E.L.B. Justinianoa\  M. Dingfeldera\
K. Tőkési, В. Sulik, P. Sigmundb\  A. Schinnerc\  C. Reinholdd\  D. Schultzd^

During the past few years there has been 
increasing interest in ionization of atomic 
and molecular targets by intermediate-energy 
dressed and partially dressed ions. These sys
tems are particularly challenging to describe 
theoretically owing to screening of the projec
tile nuclear charge by bound electrons, inter
actions of projectile electrons with target elec
trons, and the large number of possible exit 
channels. At ECU we have initiated mea
surements of the doubly-differential ionization 
cross sections, differential in ejected electron 
energy and emission energy, for carbon ions of 
different initial charge states with atomic and 
molecular targets. In this presentation we com
pare those results with calculations being con
ducted at several institutions. For this pre
sentation we will focus on electron emission 
from neon following interactions with carbon 
ions with energies from 0.067 MeV/u to 0.35 
MeV/ u and incident charge states from C+ to 
C3+. Electron energies from 10 to 1500 eV are 
observed at emission angles from 20 to 120 de
grees. The calculations separate the process 
into ionization of the target by the screened in
cident nucleus and the ionization of the target 
by the screened target nucleus. By summing 
these components in the rest frame of the tar
get we can compare to the measured electron 
spectra. Figure 1 shows the single differen
tial cross sections for ejection of electrons in 
C+-Ne collisions. Note the small contribution 
from ionization of the projectile. As the en
ergy increases the contribution from projectile 
ionization increases; likewise as the ion energy 
decreases that contribution decreases. The ex
cellent agreement shown in Figure 1 provides 
confidence to our use of Bohr theory for this en
ergy range for this target. Doubly -differential 
cross sections based on the Classical Trajec
tory Monte Carlo (CTMC) techniques are com
pared with measurements in Fig. 2 for electron 
emission at 30 degrees. Again, excellent agree
ment has been observed. We are currently ex
ploring different incident charge states and will

present those data at the meeting along with 
available theory.

Electron Energy (eV)

Figure 1. Single differential cross sections for 2.4 
MeV C+ on Neon. The lines are results of a Bohr 
calculations and the open symbols are measured 
cross sections.

Electron Energy (eV)

Figure 2. Doubly differential cross section for ion
ization of neon by 2.4 MeV C+ ions. Lines are cal
culated with CTMC and the open symbols are from 
measurements.
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3 .12  C lu ste r iza tio n  e ffe c ts  for r e so n a n c e s  o f  th e  e+ —H  sy s te m

J.Zs. Mezei, A.T. Kruppa, J. Mitroya\  K. Varga^

The existence of low energy positron- 
hydrogen resonances have been demonstrated 
in a number of studies. These resonances 
are regarded as Feshbach resonances associated 
with the degenerate hydrogen (H) and positro- 
nium (Ps) thresholds. A positron moving in 
the field of an excited hydrogen atom experi
ences a dipole potential due to the degeneracy 
of the states. Similarly the proton experiences 
a dipole field due to the degeneracy of the ex
cited states of the positronium atom.

In the present work [1] we have used the 
stochastic variational method (SVM) using 
explicitly correlated gaussian basis combined 
with the complex scaling (CS) method [2] to 
determine the energies and widths of a number 
of e+ —H resonances for L — 0 total angular 
momentum. In the calculation atomic units 
are used.

Besides the ease of determining the ener
gies of the resonances another useful feature of 
complex scaling approach is that the resulting 
wave function is an L2 function. This makes it 
possible to examine the structure of the reso
nance wave function or correlation function in 
detail.

The correlation function, C[r) 1 at a given 
r  is simply the probability of finding a given 
pair of particles a distance r  apart. In the case 
of the (e+ ,e “ ,p) three-body system for the p- 
e~ and p-e+ particle combinations, the correla
tion function is just the radial probability den
sity.

In the Figure bellow the correlation func
tions of the pairs of the particles are shown in 
the case of the lowest lying resonance bellow 
the H(n =  2) threshold (E t h  =  —0.125 a.u).

The p-e~ correlation function is similar to 
the same correlation function of the H(2s) 
state. The difference between this two func
tions at small r distances is due to the degen
eracy between H(2s) and II(2p) states. The 
closer view of the e~-e+ correlation function re-

1for the definition see [1]

veals an additional degree of structure at small 
distances, a small bump near R  ~  2ao which is 
very similar to the correlation function of the 
Ps(ls) state.

Figure 1. The correlation functions for the lowest 
energy resonance below the H(n = 2) threshold. 
The p-e~ correlation function for the H(2.s) state is 
also shown. The e+-e_ and p-e+ correlation func
tions are multiplied by 3 to make the fine structures 
more visible.

The reason this occurs is due to the at
tractive electron-positron interaction. In ac
cordance with the studies of positronic atom 
bound states there is a competition between 
the nucleus (residual part of the atom) and the 
positron to attach the most weakly bound elec
tron, which give rises to clusterization effect. 
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4 .1  In tr in s ic  p la sm o n  e x c ita t io n  in  to ta l r e flec tio n  X -ra y  p h o to e le c tr o n  s p e c tr a  o f  
cr y sta llin e  G e

L. Kövér, W. Drube a\  I. Cserny, M. Novak and S. Egrib)

Core photoionization of atoms in solids are 
accompanied by excitations causing energy loss 
of photoelectrons. With the appearance of 
the core hole, intrinsic excitations (shake, plas
mon) can take place. During electron transport 
bulk or surface plasmons can be induced (ex
trinsic excitations). Multiple excitations are 
probable and interferences can appear among 
various excitations. The understanding of 
these processes yielding the energy loss part of 
the electron spectra, is important for deriving 
accurate electronic structure or chemical state 
information on the material studied.

In the present experiment a Ge (111) single 
crystal was used, cleaned by annealing and ion 
sputtering cycles, resulting in a clean and well- 
ordered surface as checked by surface sensitive 
photoemission and LEED. The high energy 
resolution measurements of the Ge core level 
photoelectron spectra were performed with the 
Tunable High Energy XPS instrument [1] at 
the BW2 beamline. The exciting photon beam 
was focussed onto the sample by a Si (111) 
monochromator. The angles of incidence for 
the photon beam were ~  0.3° (grazing inci
dence) and 45° (normal emission) measured 
from to the sample surface. In Fig. 1 the Ge 
2s photoelectron spectra, excited by 4600 eV 
photons in the normal emission and the graz
ing incidence geometries, are compared with 
the contribution from intrinsic plasmon excita
tions as predicted earlier by the simple Modi
fied Hüfner (MH) model applied for a similar 
case normal emission, similar photon energy, 
polycrystalline Ge layer sample) [2].

A significant decrease of the inelastic back
ground is observed in the case of the grazing 
incidence spectrum (Fig. 1) due to the suppres
sion of the extrinsic excitations. However, the 
intrinsic loss contribution predicted by the sim
ple MH model is less intense than the experi
mental spectrum taken under total external re

flection conditions. An increase of the photon 
energy is expected to further decrease of the 
contribution from extrinsic losses due to the 
increase of the inelastic mean free path. The 
corresponding experimental spectra excited us
ing 5280 eV indeed show a small change in this 
direction.

Figure 1. Comparison of the Ge 2s photoelec
tron spectra excited by 4600 eV energy photons 
from a Ge (111) single crystal using the normal 
emission (line) and grazing incidence (dots) exper
imental geometry, to the contribution of intrinsic 
excitations predicted earlier for “normal emission” 
(dashed line) [2]. The light incidence angle relative 
to the sample surface is denoted by a.
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4.2  S p a tio tem p o ra l C o rre la tio n s  o f  E a rth q u a k es

J. Farkas and F. Kuna)

An earthquake is the result of a sudden re
lease of energy in the E a rth ’s crust that cre
ates seismic waves. At the present technologi
cal level, earthquakes of magnitude larger than 
three can be recorded all over the world. In 
spite of the apparent randomness of earthquake 
occurrence, long term measurements have re
vealed interesting scaling laws of earthquake 
characteristics: the rate of aftershocks follow
ing major earthquakes has a power law de
cay (Omori law); the magnitude distribution 
of earthquakes exhibits a power law behavior 
(Gutenberg-Richter law), furthermore, it has 
recently been pointed out th a t epicenters form 
fractal networks in fault zones (Kagan law) [1].

The theoretical explanation of earthquakes 
is based on plate tectonics: the earth’s crust 
has been broken into plates which slowly move 
under the action of the flowing magma. Neigh
boring plates touch each other along ridges 
(fault zones) where a large amount of energy 
is stored in deformation. Earthquakes occur 
when the stored energy exceeds a material de
pendent threshold value and gets released in a 
sudden jump of the plate.

Figure 1. Basic setup of the one-dimensional 
Burridge-KnopofF model. Blocks are attached to 
each other by non-linear springs. The system is 
driven by the upper plate which moves to the right 
at a constant speed. The blocks have a frictional 
contact with the ground plate and slide when the 
driving force on them exceeds static friction. A sin
gle sliding event can trigger an avalanche of slidings 
which is the analogue of earthquakes in the model 
[2].

The Burridge-Knopoff (BK) model of 
earthquakes represents earth’s crust as a cou
pled system of driven oscillators where non
linearity occurs through a stick-slip frictional 
instability [2]. Laboratory experiments have 
revealed that under a high pressure the friction 
of rock interfaces exhibits a weakening with in
creasing velocity [3,4,5,6].

In the present project we extend recent the
oretical studies of the BK model by taking 
into account a realistic velocity weakening fric
tion force between tectonic plates. Varying the 
strength of weakening a broad spectrum of in
teresting phenomena is obtained: the model 
reproduces the Omori and Gutenberg-Richter 
laws of earthquakes, furthermore, it provides 
information on the correlation of earthquake 
sequences. We showed by computer simula
tions that the spatial and temporal correla
tions of consecutive earthquakes are very sen
sitive to the details of the friction force, i.e. in 
certain parameter regimes spatial correlations 
have a power law decay instead of the exponen
tial form typically obtained with the classical 
Coulomb friction. Such correlations are very 
important for the development of forecasting 
techniques of earthquake occurrence [7,8].
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4 .3  E ffect o f  n etw o rk  to p o lo g y  on  th e  sp rea d in g  o f  te c h n o lo g ie s

G. Kocsis and F. Kun

Technological evolution of socio-economic 
systems has two major components: (г) Inno
vation New products, ideas, paradigms emerge 
as a result of innovations which are then tested 
by the market, (гг) Spreading Successful tech
nologies spread over the system resulting in an 
overall technological progress. In the present 
project we study the spreading of new tech
nological achievements, searching for the con
ditions of technological development. One of 
the key components of the spreading of suc
cessful technologies is the copying, i.e. mem
bers of the system adopt technologies used by 
other individuals according to certain decision 
mechanisms. Decision making is usually based 
on a cost-benefit balance so that a technology 
gets adopted by a large number of individuals 
if the upgrading provides enough benefits. The 
gradual adaptation of high level technologies 
leads to spreading of technologies and an over
all technological progress of the socio-economic 
system. We proposed an agent based model 
for the spreading process of such technologies 
in which the interaction of individuals plays a 
crucial role [1].

Agents of the model use products of differ
ent technologies to collaborate with each other 
which induce costs proportional to the differ
ence of technological levels. Additional costs 
arise when technologies of different providers

are used. Agents can adopt technologies and 
providers of their interacting partners in order 
to reduce their costs leading to microscopic re
arrangements of the system [1]. Starting from 
a random configuration of different technolog
ical levels a complex time evolution emerges 
where the spreading of advanced technologies 
and the overall technological progress of the 
system are determined by the amount of ad
vantages more advanced technologies provide, 
and by the structure of the social environment 
of agents. When technological progress arises, 
the spreading of technologies in the system can 
be described by extreme order statistics [1,2].

We showed that the topology of social con
tacts of agents plays a significant role in the 
spreading of telecommunication technologies. 
To make the model more realistic we consid
ered networks of agents with small-world and 
scale-free properties. Based on computer sim
ulations we showed that a complex system of a 
large number of local communities is more fa
vorable for the spreading of technologies than 
a fully interconnected one [2].
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Figure 1. Final states of computer simulations starting from a random configuration (a) on a regular square 
lattice, and (6 ) on a small world network obtained by rewiring a square lattice . The color code indicates the 

technological level of agents. The polidispersity of the number of connections changes both the average and the 
scattering of technological levels, (c) Probability distribution of technological levels for the two simulations.
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4 .4  C rack ling  n o ise  in  s tr o n g ly  d iso r d e r e d  m a ter ia ls

K. Kovácsa\  F. K u n and T. Vertse

Materials of high mechanical performance 
are often fabricated by embedding strong fibers 
in a relatively weak matrix. Under a constant 
or slowly increasing external load such rein
forced composites undergo a damage process 
of gradual microcrack accumulation which then 
leads to localization and macroscopic fracture. 
The process of damaging can be followed exper
imentally by recording acoustic signals emit
ted by nucleating and growing cracks. This so- 
called crackling noise is a very important diag
nostic tool in non-destructive fracture testing 
and can even be used to predict the imminent 
failure event. The goal of this project is to 
analyze the properties of crackling noise under 
realistic loading and material conditions with 
special emphasis on novel high performance 
materials.

Figure 1. Under a slowly increasing external load 
a bursts of local breakings occur in disordered ma
terials. The burst size A has an increasing aver
age with a when approaching macroscopic failure. 
The size distribution of bursts, i.e. the distribution 
of peak heights in the figure, provides information 
about the microscopic process of fracture and can 
be used to predict the imminent failure event.

To capture the effect of disorder, recently 
several stochastic fracture models have been 
proposed such as the fiber bundle model 
(FBM) and lattice models of fuses, springs,

and beam elements. Based on these mod
els, analytic calculations and computer simula
tions revealed that macroscopic fracture of dis
ordered materials shows interesting analogies 
with phase transitions and critical phenomena 
having several universal features independent 
of specific material details.

We showed by means of analytical calcula
tions and computer simulations that the pres
ence of two subsets of materials in the sys
tem with widely different mechanical strength 
(e.g. strong fiber-weak matrix) has a crucial 
effect on the characteristics of crackling noise 
[1,2,3]. We demonstrated that the fracture pro
cess of such two-component systems has two 
universality classes characterized by different 
distributions of the noise amplitudes. The dis
tribution function has a power law behavior 
over a wide range of amplitudes but its ex
ponent depends on the mixing fraction of the 
components. Astonishingly we found a criti
cal fraction of the strong and weak components 
where the exponent of the burst size distribu
tion switches from the well known mean field 
exponent of r  =  5/2 to a significantly lower 
value r  =  9/4. The transition is conditioned 
to disorder distributions where the macroscopic 
constitutive response of the system has a sin
gle maximum and an inflexion point, implying 
a novel universality class of composites. The 
results of our research can be used to under
stand crackling noise spectra measured by on
field monitoring systems [1,2,3].
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5.1 P o p -in  effect in  G e an d  Si c o a te d  s in g le -c r y sta llin e  Si

P.A4. Nagya\  K. Vad, A. Csik, E. Kálmán

Silicon is one of the most important el
ements in contemporary times. Its central 
role in semiconductor industry makes all of 
its properties important. Consequently even 
its mechanical properties gain wide atten
tion in the research community. Addition
ally, silicon shows a series of very interest
ing pressure-dependent phase transformations, 
drawing even more attention to this field [1-2]. 
More than twelve stable and metastable solid 
phases have been observed, which are arising 
at high pressure by increasing or decreasing 
hydrostatic stress. Nanoindentation or depth 
sensing indentation is often used for studying 
local mechanical properties, because it is in 
many cases the only method providing results 
from the small volume considered, and because 
of the simplicity of the test [3]. As result of 
the phase transformation caused by the pres
sure increase during loading of the indenter a 
discontinuity (a “pop-in” effect) can occur in 
the load curve, represented by a horizontal line 
(or an elbow), pointing to larger penetration 
depth. Similarly during unloading of the in
denter a second discontinuity (a “pop-out” ef
fect) can occur, represented by a horizontal line 
(or an elbow), pointing to shallower depths [1].

In this study single-crystalline silicon sub
strates covered by amorphous Si and Ge 
layer, produced by magnetron sputtering, were 
nanoindented by different types of indenter 
(Berkovich, cube corner and spherical inden- 
ters), to investigate the effect of these coatings 
on the pop-in and pop-out effects. It has been 
investigated 20-, 50-, 100-, 150 nm thick layers 
of amorphous Si and Ge in single- and in mul
tiple load events. The impressions caused by 
the indentation were imaged by atomic force 
microscopy (AFM). Our experiments provide 
a consistent evaluation of the Young’s modu
lus and hardness of the samples and consistent

data on the exact shape of the indent impres
sions. The measured elastic modulus shows a 
slight decrease of both properties due to the 
softer top layer on the Si single crystal sub
strate, while the hardness values are decreas
ing with increasing coating thickness. Sur
prisingly small differences in measured elastic 
modulus and hardness of single crystalline Si 
substrates coated by an amorphous Si or Ge 
layer were found in our nanoindentation tests. 
We found several pop-in effects occurring dur
ing the tests, but no pop-out was connected 
to these events. The pop-in effect during a 
nanoindentation test connected to the phase 
transformation in Si single crystals is usually 
accompanied by a pop-out effect in the unload
ing arm of the same load curve. We did not 
found even a single pop-out occurring in our 
nanoindentations on coated Si substrates, but 
the pop-ins which we found occurred at lower 
loads, as expected. Also the depth increase in 
the pop-in is in most cases higher, than in un
coated Si. From these facts we can conclude 
that the pop-ins are probably caused by other 
factors than the expected phase transition. In
vestigating the indentation sites by AFM shows 
a pile-up around each indentation impression 
in the samples. These pile-ups are virtually de
creasing the (measured) hardness by increasing 
the area carrying the load compared to the area 
calculated in the Oliver-Pharr evaluation.
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5.2 N a n o sca le  e f fe c ts  in  in terd iffu sio n

Z. Erdélyia\  G.A. Lang er a\  A. Csik, D.L. Веке0

Diffusion on the nano/atomic scales in mul
tilayers, thin films has many challenging fea
tures even if the role of structural defects can 
be neglected and ’only’ the effects related to 
the nano/atomic scale raise. The most basic 
equations to describe the diffusion are Fick’s 
equations. It is important to  emphasize that 
the diffusion coefficient in Fick’s equations is 
in general composition independent and Fick’s 
classical equations do not include the stress ef
fects, which can have im portant influence onto 
the diffusion especially on the nano/atomic 
scale. We illustrate tha t the  continuum de
scriptions of the diffusion cannot be applied 
automatically on such short distances, the clas
sical continuum approxi-mations (Fick’s laws) 
cannot describe correctly the atomic move
ments [1-3]. They predict faster kinetics than 
the atomistic models and the interface shift is 
always proportional to the squareroot of the 
time. However, the kinetics can be even linear 
on the nano/atomic scale.

We have shown from computer simulations 
that Fick’s laws violate on the nanoscale ei
ther in completely or restricted miscible sys
tems. This is strongly related to the discrete 
character of the system on the nanoscale and to 
the highly neglected fact in the literature that 
the diffusion coefficients depend on the com
position. As will be seen the  composition de
pendence of D is very im portant and has very 
significant influence on the diffusion kinetics on 
the nano/atomic scales. It originates from the 
fact that usually the diffusion coefficients are 
different in an A and in a В matrix. Conse
quently in case of a real interface, which is not

atomically sharp, i.e. there is a more or less 
intermixed region between the pure A and В 
matrixes, the diffusion coefficient changes con
tinuously while e.g. an A atom diffuses from 
the pure A matrix into the pure B. This fea
ture can be also called diffusion asymmetry.

We have also illustrated that in this case 
not only the composition profile develops 
highly asymmetrically but also the stress pro
file. Moreover, we have also seen that the 
stress effects usually slow down the intermix
ing process, and the slowing down is more 
pronounced in case of asymmetric diffusion. 
Computer simulations also have shown that on 
the nanoscale, for strongly composition depen
dent diffusion coefficients, diffuse interfaces can 
sharpen rather broaden in completely miscible 
binary systems during annealing independently 
of the different kind of stress effects considered. 
The stress effects influence only the timescale 
of the process. This phenomenon could provide 
a useful tool for the improvement of interfaces 
and offer a way to fabricate of e.g. better X- 
ray or neutron mirrors, microelectronic devices 
or multilayers with giant magnetic resistance. 
These phenomena predicted by computer sim
ulations have been proved experimentally as 
well.
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5 .3  P h o to -  an d  th e r m a lly  in d u ced  in terd iffu sio n  in  S e /A s 2S 3 n a n o m u ltila y er s

V. Takátsa\  P. Nemecb\  A. Csik, S. Kökényesig

Few approaches are known for extend
ing investigations of amorphous chalcogenide 
layers towards the nanostructures, but the 
nanolayered, superlattice-like structures are 
the most investigated. Inserting the light- 
sensitive amorphous layer between different 
barrier layers and changing the modulation pe
riod as well as the type of matrix (barriers) 
new effects are expected: enhanced interdif
fusion, simple formation of solid solutions or 
stimulation of the solid-state reactions, crys
tallization and phase separation, a complex of 
related changes of optical and electrical param
eters [1]. The enhanced interdiffusion in the a- 
Se/As2S3 nano-multilayers, that can be consid
ered as model ones, results in the giant volume 
expansion, so other combinations of materials 
or the influence of the technology, real struc
ture on the above mentioned effects should be 
analyzed. The method of vacuum evaporation 
of different components and cyclic deposition of 
nanometer-thick sub-layers onto the same sub
strate was usually used up to now, but serious 
problems can arise from the non-stoichiometry 
of the deposited components. The thermal 
evaporation technology is not always applica
ble for producing barrier layers (especially ox
ides, organics), while the best and simplest 
technology for amorphous chalcogenide mul
tilayer fabrication must ensure the possibility 
of simultaneous deposition of chalcogenide and 
the barrier layers. One of the relatively new 
methods for thin films preparation is pulsed 
laser deposition (PLD) [2]. When compared 
with vacuum thermal evaporation, magnetron 
sputtering, chemical vapour deposition tech
niques, etc., the PLD has several advantages
relative simplicity of the process, often nearly 
stoichiometric transfer of target material to the 
films, easy control of the process by laser oper
ating parameters.

In this work the effects of light- and ther
mally stimulated interdiffusion in Se/As2S3 
nanomultilayers with modulation period of 6- 
9 nm fabricated by pulsed laser deposition 
and by the method of cyclic thermal evap
oration (CTE) of the Se and As2S3 compo
nents were investigated by means of direct 
low-angle X-ray diffraction (LAXRD) measure
ments and by indirect methods of optical mea
surements. It was shown that we have devel
oped the PLD method for preparing nanomul
tilayers from amorphous chalcogenides with 
improved structural characteristics (better pe
riodicity and quality of interfaces) in compar
ison with thermal evaporation method. More 
pronounced nano-granular structure is charac
teristic for PLD samples but at the same time 
the interfaces are essentially sharpened, the pe
riodicity and the initial blue-shift of the optical 
absorption edge are better in comparison with 
CTE samples. At the same time the important 
characteristics of stimulated changes of optical 
parameters remains the same as well as pos
sibilities of applications for optical recording, 
formation of amplitude-phase and geometrical 
relief for optoelectronics. Such samples enables 
further investigations of the influence of struc
ture formation at nano- and microscopic scale 
on optical parameters, diffusion and quantum 
size effects in amorphous structures.
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5 .4  S tru ctu ra l m o d if ic a tio n s  in d u c e d  in  h y d ro g en a ted  a m o rp h o u s  
S i/G e  m u ltila y e r s

C. Frigeria\  M. Serényib\  A. Csik, Z. Erdélyic\  D.L. Веке^ , L. Nasi

Amorphous multilayers have applications 
in electronics and optics, e.g., for optical 
recording and solar cells. Optimization for 
such applications often requires the selection 
of appropriate pairs of materials and the cre
ation of solid state solutions by inter diffusion. 
As a consequence, tailoring of the layer physi
cal properties, like thickness, refractive index, 
electrical conductivity etc, is achieved. In the 
case of Si/Ge amorphous multilayers (MLs) the 
improvement of the physical properties is also 
accomplished by enriching them with hydrogen 
because H passivates the dangling bonds of Si 
and Ge that act otherwise as efficient electronic 
levels [1]. Hydrogen stability is of primary im
portance in order to avoid de-passivation of the 
dangling bonds. To optimize the amorphous 
layers properties one must also control the dif
fusion of the elements which is quite hard be
cause at present the mechanisms of diffusion 
are not fully understood. Investigation of the 
overall thermal stability of these multilayers is 
thus of great interest for the interpretation of 
their operation and prediction of their lifetime.

In our previous works it was experimentally 
shown that in amorphous Si/Ge MLs the diffu
sion is very asymmetric because of the strong 
concentration dependence of the interdiffusion 
coefficient. In agreement with our calcula
tions the silicon could enter into the germa
nium layer but germanium cold not diffuse into 
silicon. At the same time the initially sharp 
interface at the start of the process does not 
flatten but shifts consuming the Si layer. Cal
culation can show that with increase of the 
Si concentration the process of diffusion slows 
down at longer times. It was expected that in 
hydrogenated Si/Ge MLs hydrogen could af
fect diffusion of Si. However, it was seen that 
after a short annealing time significant struc
tural changes occurred at the surface of the hy
drogenated Si/Ge MLs (Fig. 1). This urged 
the study of the relationship between anneal

ing conditions and structural modifications in 
such samples. We can seen that the struc
tural changes occurring as a function of the 
annealing conditions. Annealing changes the 
structure of the as-deposited multilayer except 
for the less severe conditions here applied (423 
К for 22 h). For higher temperatures and/or 
times, the modifications consist of layer inter
mixing and surface degradation in the shape of 
bumps and craters. Besides craters the sample 
surface has bumped up in many places, which 
suggests that bubbles have formed inside the 
hydrogenated multilayers. Hydrogen should be 
mostly released from the amorphous Ge layers 
because of the lower binding energy of the Ge- 
H bond.

Figure 1. SEM image of the surface of a hydro
genated sample after heat treatment.
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b) MTA-MFA Institute, Konkoly-Thege ut 29-33, Bu
dapest H-1121, Hungary
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5 .5  E n erg y  L oss S p e c tr a  o f  Iron

M. Novák, R.J. Bereczky, Z.M. Z h a n g Z . J .  Ding^ J. Tóth, D. Varga, K. Tőkési

The quasi-elastic Monte Carlo approach 
was used to simulate the path length distri
bution of the backscattered electrons from the 
Fe sample. Iron loss spectra were simulated at 
the primary electron energies between 500 eV 
and 4000 eV [1] where the reduced partial in
tensities for surface and bulk excitations were 
applied. The simulated and measured Fe loss 
spectra are shown in Fig. 1. The contribu
tions of single surface, single bulk and the sum 
of these two modes are also shown. We found 
a good agreement between the simulated and 
the measured Fe loss spectra above 1500 eV. 
A sharp edge can be observed in the measured 
loss spectra in the 50-60 eV energy loss range 
correspondingly to the Fe 3p ionization edge. 
Since the optical model dielectric function [2] 
cannot accurately describe the sharp ioniza
tion edges using Drude-Lorentz line shapes, we 
observed deviation between the measured and 
simulated spectra in this energy range.

Acknowledgements

The work was supported by the grant 
Bolyai from the Hungarian Academy of Sci
ences, the Hungarian National Office for Re
search and Technology, National Natural Sci
ence Foundation of China (Grant No.10025420, 
10574121, 90406024), and the grants from Chi
nese Education Ministry and Chinese Academy 
of Sciences.

Figure 1. Comparison of the measured and simu
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G. Sántaa\  I. Uzonyi

5.6 Prelim inary resu lt o n  the an a lysis  o f  Late B ro n ze  A ge m etals

The main event of the complex cultural 
changes during the transition from Middle to 
Late Bronze Age was the appearance of Tu
mulus culture in the Danube-Tisza region. In 
this period people rose mounds (tumuli) above 
their graves made from stone and soil. Accord
ing to our present knowledge we believe that 
the ethnically inhomogeneous Tumulus culture 
was made homogenous by commerce (espe
cially bronze commerce).

determination of the bulk composition of sam
ples while the second one for the characteri
zation of microstructure, namely, the lateral 
distribution of elements (fig. 1). In this case 
we use our special experimental-setup with two 
Si(Li) X-ray detectors installed at our scanning 
nuclear microprobe facility. It allows the deter
mination of elements in the C-U atomic num
ber range [1] with typically 10-100 ppm detec
tion limits.

Depots were typical of the final period 
of Middle Bronze Age called Koszider-phase. 
During the tumulus period the practice of hid
ing depots came to its end, bronze objects 
were put into graves. Therefore, it would 
be important to analyze the relation between 
the Koszider and Tumulus metallurgy. The 
main question to be answered is the follow
ing: were the trade connections and exchange 
of goods discontinued during the time of cul
tural changes?

Examination of archaeological finds is car
ried out usually by typological methods which 
provide information on the a ttire  fashion and 
funeral rite of cultures. The inherent capabil
ity of analytical techniques makes it possible 
to draw conclusions on the provenance of met
als, thus facilitating to establish the contem
porary trade routes. The m etal finds from the 
southern part of the Great Hungarian Plain has 
not been investigated yet, though it would be 
important from the point of view of Tumulus 
culture. The main question is whether there 
is any noticeable change between the metal
lurgical craftsmanship of the consecutive eras. 
Therefore, it is important to  determine the 
composition of the used raw materials, their 
sources, as well as the applied manufacturing 
technologies.

For the characterization of archaeological 
bronze finds both conventional X-ray fluo
rescence (XRF) method and micro proton- 
induced X-ray fluorescence (micro-PIXE) tech
niques are applied. The first one serves for the

In the future we intend to analyze hun
dreds of archaeological bronze finds in order 
to build a comprehensive data base for this era 
and territory. It will help to classify objects, 
determine workshops and applied metallurgi
cal techniques. The recent trace elements in 
the finds may be characteristic for the mine
field of the raw materials thus possibly allowing 
the determination of trade routes of ores. This 
work was supported by the EU со-funded Eco
nomic Competitiveness Operative Programme 
GVOP-3.2.1.-2004-04-0402/3.0.
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Figure 1. Lateral concentration distribution for 
Sn in a bronze sample (scan size: 2 x 2  mm2). The 
heterogeneity is a typical characteristic of archaeo
logical objects.
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5 .7  G u id in g  o f  C h arged  P a r tic le s  T h ro u g h  In su la t in g  N a n o ca p illa r ie s:  
C om p a r iso n  B e tw e e n  Ion s an d  E le c tro n s

B. Stixa\  S. Pleschkoa\  K. Schiessl0'* K. Tőkési, C. Lemell, B. Solleder, and J. Burgdörfer

Following the first experimental observa
tion of guiding of slow highly-charged ions 
(HCI) through insulating nanocapillaries by 
Stolterfoht et al. [1], recent experiments have 
found guiding of electrons with energies of 
several hundred eV [2]. Guided transmission 
through an array of AI2O3 capillaries could 
be observed for angles of incidence as large 
as about 11°. In this contribution we present 
new simulations for the guiding of slow HCI 
through mylar capillaries which are based on 
a classical trajetory Monte Carlo simulation of 
the projectiles inside the insulating nanocapil
laries [3]. The dependence on the capillary di
ameter is investigated and compared with the 
experiment. Furthermore, first results for elec
tron guiding will be presented. Although ex
perimental observations appear similar for elec
trons and HCI, the detailed mechanism of in
teraction with an insulating surface is consid
erably different. For an HCI, almost full neu
tralization takes place upon impact, leading to 
a depostion of charge on the surface. On the 
other hand, electrons impacting grazing inci
dence on an insulator have a considerable prob
ability of being elastically backscattered. Ad
ditionally, secondary electron emission (SEE) 
with a SEE coefficient of 5 ss 1, leads to 
charge-up of opposite polarity, clearly different 
from the case of positively charged projectiles. 
We analyze the interaction of grazing incidence 
electrons with a surface of amorphous AI2O3 as 
starting point for a simulation of electron tra
jectories inside a nanocapillary by the means of 
a Monte Carlo (MC) technique [4]. Differential 
backscattering distributions and SEE yields are 
obtained. Fig. 1 shows a simulated energy 
spectrum of grazing incidence electrons scat
tered from a AI2O3 surface. Such a spectrum 
with significant traces of inelastic processes is 
in clear contrast to scattering of HCI on a sur
face, indicating that qualitatively different pro
cesses are involved in electron guiding.

Figure 1. Energy spectrum of grazing incidence 
(вin = 2°) electrons with an energy of 200 eV scat
tering at a surface of AI2 O3 .

These results serve as input for scattering of 
projectile trajectories in a nanocapillary. Pre
liminary results show considerable transmis
sion for large angles of incidence as well as rela
tively broad angular distributions of the trans
mitted projectiles which can be traced back to 
multiple scattering of the projectiles. In this 
model transmission can be achieved even with
out charge-up of the internal capillary walls, 
however with a smaller transmission coefficient.
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5.8 X P S  A nalysis o f  N a n o  Thin F ilm s  on  S u bstrate

X-ray photoelectron spectroscopy (XPS) 
has been a conventional surface analysis tool. 
In recent years quantification of nano film 
thickness with XPS has been discussed. Con
sidering the fact that the analysis rely only on 
the peak intensity, it would lead a great uncer
tainty. Therefore a universal analysis strategy 
has been proposed by Tougaard [1] when an 
exponential in-depth distribution is supposed. 
This algorithm can be applied for the determi
nation of the in-depth concentration distribu
tion within the outermost few nanometers of 
the surface.

In this work, we propose a more elaborate 
and convenient algorithm for quantification of 
the thickness of the nano films on the substrate 
[1]. The alternative method is based on the re
lation between the kinetic energy of photoelec
trons generated in a film and the film thickness. 
The XPS spectrum is formed by overlapping 
the emission spectra from different generation 
depths of signal electrons; these electrons suf
fer energy losses during their travel to the sur
face. Therefore, the deeper depth layer will 
give more contribution to the spectrum inten
sity at lower kinetic energies. Although the 
total intensity of the spectrum increases with 
the film thickness, the thicker film would have 
more intensive inelastic background at certain 
energy, E, when the signal peak intensity is nor
malized. A relationship between background 
intensity and the film thickness may thus be 
derived [2]. As a test, a W /S i02  overlayer sam
ple was investigated. Theoretical evaluation of 
the spectra is compared with the experimen
tal result (see Fig. 1). We found, that our 
method estimate the film thickness with rea
sonable well.

Figure 1 . XPS spectrum of W 4d peak measured 
from a W(3 nm)/Si02 sample in the direction nor
mal to the surface (solid line). Dotted line is the 
Tougaard background. The dashed line represents 
the background subtracted XPS peak.
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5 .9  X P S  s tu d y  o f  C o-C r-M o a n d  N i-C r-M o  d e n ta l a llo y s  tr e a te d  in  a r tif ic ia l sa liva

J Tóth and L. C'raciuna>

Importance of the usage of non-allergic al
loys Co-Cr-Mo relative to the more allergic Ni- 
Cr-Mo alloys well known in the field of biomed
ical science. The aim of the present study 
was to compare the surface layers by XPS (A1 
KQ X-ray excited Photoelectron Spectroscopy) 
method from the point of view of corrosion and 
passivation of the mentioned alloys.

Sample preparation were made in 
Bucharest in a NIPNE cooperation: Co-Cr- 
Mo and Ni-Cr-Mo discs of diameter of 8 mm 
with a thickness of about 1.3 mm were treated 
in artificial saliva solutions. XPS measure
ments were made in Debrecen in ATOMKI by a 
home made electron spectrometer [1] based on 
a hemispherical analyzer in fixed retardation 
ratio mode using the retardation ratios of k=4 
for survey scan and k=8 (k=Ekinetlc/E pass) for 
more detailed narrow scan spectra. In this way 
the relative energy resolution was 0.125 % at 
k=4 and 0.0625 % at k= 8, respectively. Survey 
and detailed XPS spectra were taken as a func
tion of depth of a few times 10 nm measured 
from the top surface by the help of Ar+ ion 
etching (AG21 ionsource, VG Microtech). El
emental composition and chemical states were 
studied. The angle of incidence of the ions 
were 40 degrees relative to the surface normal 
of the specimen to increase the ion sputter
ing yield and the same time to decrease the 
matrix effects caused by the ion beam, that 
is as much as possible to decrease the pref
erential sputtering. The data evaluation was 
made by a home-made computer software of 
EWA [2]. The XPS peak components of dif
ferent chemical states of Cr and the relative

atomic concentrations of the different compo
nents (oxide and metal) were determined from 
the peak area of XPS using the Voight peak 
shape. The survey scan spectra showed not 
only the main components of the alloys, but 
the chemical components characteristic for the 
chemical treatment of the alloys, like Na, Cl, 
etc. The main conclusions are: the Cr was in 
the form of Cr3+ in the top surface. The metal 
to oxide ratios from Cr 2p XPS spectra vs. 
Ar+ etching for all the samples changed very 
much. The other two main components of the 
alloys, Co and Ni were in metallic form except 
in the as received spectra. As a function of 
the alloy composition and the saliva solution 
treatment (time, temperature, concentration 
of NaCl, etc.) the Cr-oxide layer thickness 
changed dramatically.
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5 .10  In v e stig a tio n  o f  o rg a n ic  th in  la y e r s  (iro n -p o rp h y r in  c o m p le x )
p rep a red  by sp in -c o a t in g  m e th o d  w ith  ion  b e a m  a n a ly tic a l tech n iq u es

R. Huszánk, A. Simon

Nowadays, keep increasing interests in met- 
alloporphyrin complexes because of their con
siderable importance in numerous fields such 
as biochemistry, medical science and catalysis. 
As a consequence of the diverse photophysi
cal and photochemical properties of these com
pounds, they are used in photovoltaic devices, 
sensors, and photodynamic therapy. The por
phyrin derivatives, for example a kind of free 
base porphyrin (H2TPPS, tetrakis(4-sulfonato- 
phenyl) porphyrin) or its metallo-complexes 
with iron(II) or iron(III) ions have very high 
molar light absorption [1,2]. The different func
tional groups linked on the prophyrin macro
cycle or coordinated to the central atom has 
effect to the spectral properties of the whole 
molecule. This kind of behaviour make these 
kind of compounds applicable to, for example, 
as a chemical sensing base material.
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Figure 1. The absorption spectra of FelnTPPS (blue 
line), H2TPPS (grey line) and FeIITPPS (red line), 
and emission spectra of FenTPPS (yellow line) and 
H2TPPS (purple line). For colour figure see the on
line version: http://www.atomki.hu/ar2007/

In ATOMKI we prepared thin layers 
by spin-coating technique with the por
phyrin complex’s chloroform solution (c=0.014 
M/dm3). To optimize the thin layer prepara
tion method and to investigate the layer prop
erties we use Rutherford-backscattering spec
trometry (RBS) and Elastic Recoil Detection

Analysis (ERDA) techniques. In addition, we 
use profilometry technique as well.

1000 ——---------------------------------------- -— -

800 .'.V

Я 600 i / \
1 400 /  •
u

200 /  ;
Q 4 ______

100 200 300 400 500
Channel

Figure 2. The ERDA spectrum of the iron(III)- 
porphyrin spin-coated on Si substrate (RPM=1000 
1/min, 1.6 MeV He+ beam, detecting angle 30°, tilt 
angle 80°)

Figure 3. The RBS spectrum of the iron(III)- 
porphyrin spin-coated on Si substrate (RPM=1000 
1 /min, 1.6 MeV He+ beam, detecting angle 135°)

An ERDA and RBS spectrum of the thin 
porphyrin complex (FemTPPCl) layer on a Si 
substrate prepared at our laboratory is shown 
on Fig. 2. and 3. According to our measure
ments the layer thickness is 35 nm.
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6.1  A  6-y r  record  o f  s ta b le  iso to p e  ra tio s  o f  h y d r o g e n  an d  o x y g e n  an d  te m p e r a tu r e  
co rre la tio n  o f  <5180  in  p r e c ip ita tio n  from  E a s te r n  H u n g a ry

Zs. Szántó, I. Futó L. Palcsu, G. Vodila

Investigation of past environmental 
changes might be possible only if we under
stand the isotopic systematic of modern precip
itation using precipitation-linked stable isotope 
proxies or models. The apparent temperature 
coefficient A0180  /  A T  is important because 
it is used to calculate some paleotemperature 
changes, and because it is a basis for validating 
the accuracy of GCMs. In principle, three rela
tionships can be observed between the isotopic 
composition of precipitation and local surface 
air temperature [1]: (1) a spatial relation be
tween the long-term averages of ől8() (6 2 H ) 
of precipitation and the local air temperature 
for different stations; (2) a temporal relation 
between short-term (seasonal) changes of d180  
(6 2 H ) and temperature for a single station or 
group of stations and (3) a temporal relation 
between long-term changes in 6 1 8 0  (S~H) and 
temperature at a certain location.

The isotopic composition of hydrogen and 
oxygen of the monthly precipitation from East
ern Hungary was analyzed in samples collected 
during a monitoring period from the beginning 
of 2001 to the end of 2006. At the same time an 
event-based sample collection and data analy
sis were also performed.

During the studied period, the <5180  val
ues varied from 3.9 to -21.3%o and the 6 2H  
values from 2.0 to -176.3%o. The composite 
monthly isotopic ratios of oxygen and hydrogen 
yield a regression line 6 2H  =  6.9i180  — 4.1%o 
with a correlation coefficient of 0.92, while 
the LMWL calculated on event-based sample 
S2H  and d180  values gives a regression line 
ő2H  =  6.6á180  — 9.1%o with a correlation co
efficient of 0.90. Both lines are close to the 
GMWL but show the effect of secondary evap
oration. The highest S2H  and ől80  values were 
obtained during the summer months, whereas

the lowest 52H  and 6 1 8 О values were recorded 
during autumn and winter.

Time series of S2H  and S]80  values for 
individual samples, amount-weighted monthly 
average 6 2H  and 6 lsO values and deu
terium excess for Debrecen (47,52997° North
ern latitude, 21,63916° Eastern longitude) and 
Ebes (47,47051° Northern latitude, 21,49042° 
Eastern longitude) precipitation were calcu
lated and the temporal relationship between 
monthly 6 1 8 0  and the mean monthly sur
face air temperature (MMT), and the mean 
monthly precipitation temperature (MMPT) 
respectively were determined.

Observational data have displayed a good 
correlation of 6 1 8 0  with air temperature, which 
validate the temporal (but not the spatial) 
isotope approach. The slope of 518О vs. 
temperature varied between 0.34%o°C_1 and
0.32%o°C_1. The temperature coefficients ob
tained in case of MMPTs instead of MMTs sug
gest that fine-scale weather observations are 
needed for accurate calculations and realistic 
modeling of GCMs. Mean temperature over 
a time interval actually has little to do with 
precipitation because most of the time there 
is no precipitation or precipitation is rarely 
distributed uniformly throughout a particular 
time interval, therefore caution should be used 
in any quantitative (or even qualitative) inter
pretation of ö1 8 0  or 6 2H  paleorecords.

GCM: General Circulation Model 
GMWL: Global Meteoric Water Line 
LMWL: Local Meteoric Water Line

[1] K. Rozanski, L. Araguas-Araguas, R. Gonfiantini, 
(1993), Isotopic patterns in modern global pre
cipitation. In: Climate Change in Continental 
Isotopic Records, Geophysical Monograph: 78, 
American Geophysical Union, USA, 1-36.
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6 .2  F ie ld  e x p e r im e n t on  e x c e ss  air fo rm a tio n  in  th e  r iv erb a n k  o f  D a n u b e

L. Palcsu, Z. Major, L. Pappa\  W. Aeschbach-Hértigb)

Excess air is a contribution to the gases dis
solved in groundwater in addition to the solu
bility equilibrium component, formed by par
tial or total dissolution of air trapped during 
water level rises in the unsaturated zone. The 
amount of excess air can be quite large, mainly 
if the water level increase is significant. The 
first aim of this field experiment carried out 
in September 2007 during a flood (Fig. 1/b) 
occurred along the Danube River has been to 
demonstrate that the excess air formation can 
be detected and studied under natural condi
tions when the groundwater level is rising.

Dm *

Figure 1. a) Schematic cross section of the 
study site b) Water level rising in the dug-well c) 
Helium concentration during the sampling period

The study site is located in the riverbank 
of Danube River, the dug-well is at around 30 
m from the riverbed (Fig. l /а). The whole

area is composed of fluvial sand. Separated 
water samples can be taken from the sampling 
tubes. Each sampling tube represents a certain 
depth. The horizontal groundwater flow veloc
ity is supposed to be around 10 m/day (or at 
least this magnitude), that of course depends 
on the level difference between Danube and the 
groundwater.

Helium and neon concentrations have been 
measured from the water samples. What we 
can see from these noble gas data is a proba
ble correlation between groundwater level and 
excess noble gas concentrations. He and Ne 
are correlating providing evidence that the ex
cess components are of same origin. How
ever, the helium excess is usually larger than 
that of neon that means there has to be non- 
atmospheric components of helium, such as ter- 
rigenic and tritiogenic. The R/Ra ratios are 
generally higher than one clearly showing tri
tiogenic 3He in the water. Having a look at 
Fig. 1/b-c, it can be observed that there is a 
relatively good relation between groundwater 
rising and the excesses of the noble gases.

From this sampling campaign, we can con
clude that this kind of field experiment does 
make sense. Further noble gases have to be 
measured, and more information has to be 
gained regarding to the local hydrological be
haviour. Nevertheless, a few fascinating things 
have appeared: 1) Contrary to our expecta
tions, the highest noble gas excess was at the 
depth of 6.45 m, and not at 7.25 m. 2) While 
the groundwater level was sinking after 14th 
September, none of the water samples con
tained less noble gas, rather more. As if the 
water level had been rising further. Explana
tions can be that the water might have been 
flowing along different flow paths, additionally 
the excess gas dissolution had occurred some
where farther from the dug-well, and then the 
water body was flowing towards the dug-well.

a) University of Debrecen, Debrecen, Hungary
b) Institut für Umweltphysik, Heidelberg, Germany
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6 .3  Im p ro v in g  h e liu m  an d  n eo n  m ea su rem en ts  for e n v ir o n m e n ta l w ater  sa m p le s

L. Palcsu, Z. Major

The analysis of dissolved noble gas con
centrations in groundwater has proven to be 
a reliable method to determine quantitative 
palaeotemperatures and water ages. The aim 
of instrumental and methodological improve
ments in the noble gas laboratory is to achieve 
a reliable accuracy of mass spectrometric no
ble gas measurements for environmental water 
samples.

To interpret the dissolved noble gases in 
water as noble gas temperature, excess air com
ponent and T /3He age with low error, it is nec
essary to achieve a very precise measurement 
of noble gases. Therefore, the accuracy of each 
noble gas measurements should be around 1 % 
or better.

In the noble gas laboratory tritium mea
surements of environmental water samples 
have been performed since 1998 that is based 
on a VG 5400 noble gas mass spectrometer. 
The VG 5400 is an all-metal, statically op
erated, double focused, 90° sector field mass 
spectrometer with 57 cm extended geometry.

In 2007 a new cryosystem was installed that 
makes possible the quantitative collection of 
gas samples. It also contributes to the purifica
tion and separation of the different noble gases. 
As a new measurement, helium and neon mea
surements have been developed for environ
mental water so far. The sample preparation 
and the measurement technique were worked 
out in summer 2007. Measurements are cali
brated with air aliquots. Moreover, fast cal
ibration procedure has been initiated. After 
each noble gas measurement a pure helium as 
well as neon aliquot is admitted to the mass 
spectrometer and measured so that the insta
bility of the mass spectrometer can be cor
rected for. Air equilibrated water samples have 
been prepared under well know circumstances 
(T =  23.5 °C, p =  0.987 atm), hence the ex
pected concentrations are 4.372-10-8 ccSTP/g 
for helium and 1.779 • 10-7 ccSTP/g for neon 
(ccSTP: cubic centimeter at standard tempera
ture and pressure). Stability and reproducibil

ity measurements for helium and neon have 
been performed on ten identical water samples 
taken into copper tubes. The standard devia
tion of the 4He and 3He measurements were 0.5 
% and 1.2 %, whilst the measured data were 
varying within the range of ±1 % and ±3 % 
around the average (Fig. 1). The standard de
viation of the neon measurements were 1.5 %.

Figure 1. Deviation of different noble gas mea
surements from the average (X-axis: number of 
measurements, Y-axis: deviation in %).

These precisions are better for than ex
pected, but seems to be too high for neon, al
though the accuracy is extremely good. The 
average of the measured concentrations is 
4.379-10-8 ccSTP/g for helium and 1.795T0-7 
ccSTP/g for neon, that are tiny different from 
the expected values.

We have been further working on the ana
lytical development of noble gas measurements 
for a few months. We have started develop
ing a new measurement for the heavier noble 
gases dissolved in water samples. Argon, kryp
ton and xenon measurement will hopefully be 
worked out in spring 2008.
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6 .4  H ou rly  variation o f  elem ental co m p on en ts o f  urban aerosol in D ebrecen

With the use of accelerator based PIXE ele
mental analysis technique and statistical meth
ods, systematic investigation of aerosol sam
ples have been performed in the Institute of 
Nuclear Research of the Hungarian Academy 
of Sciences for 20 years determining the ele
mental composition, size distribution, seasonal 
and long term time variation, sources and lung 
deposition probabilities of atmospheric aerosol 
characteristic to the east-Hungary region.

In continuation of this research we observed 
the short-term time variation of the elemen
tal components in spring and in autumn 2007, 
at the end and the beginning of the heating 
season. We studied the changes in the ele
mental concentrations, their periodicity, corre
lation with other elements and meteorological 
parameters.

The sampling was done with a PIXE In
ternational streaker sampler, which enables a 
time-discrete record of fine (PM2.5) and coarse 
(PM10-2.5) size fractions. Sampling cam
paigns were carried out in the garden of the 
Atomki on 10-16 April and 10-19 October.

Elemental concentration data  (Z > 12) with 
2h time resolution were determined on the two 
size fractions. Statistical evaluation and source 
determination were carried out with the posi
tive mass factorization method developed for 
aerosol source characterization by US EPA.

Six sources of the urban aerosols were iden
tified: 2 types of soil - loess and sand - biomass 
burning, sulfate originating form long range 
transport processes, an unknown source en
riched with chlorine and heavy metals origi

nating form traffic.
The hourly contribution of some sources for 

the week 12-19 October is presented on figure
1. In the time trend of soil and heavy met
als a periodicity can be observed: the peaks 
in the morning and in the evening of work
ing days fall together with traffic rush hours. 
Peaks of biomass burning appear during nights 
and mornings indicating its origin of domestic 
heating. Several emission episodes were also 
detected. Such an episode is presented on fig
ure 2 with a few-hours long increase in the con
centration of Cu, Cl and Pb. The shape of the 
peak suggests industrial origin.

The higher resolution in time makes the 
source characterization more efficient and more 
accurate. It allows the identification of lo
cal emission and long-range transport episodes. 
The short-time variation of urban aerosol com
bined with meteorological data and with mass 
size distribution serves as a basis to reach a bet
ter understanding of the aerosol sources and re
ceptor areas, to follow the evolution of aerosol, 
and to make a better estimate on the health 
impact.
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Figure 1. Contribution of sources during 12-19 October, 2007.
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6.5 E lem eta l m ass size d istr ib u tion  o f th e  D eb recen  urban aerosol

Size distribution is one of the basic proper
ties of atmospheric aerosol. It is closely related 
to the origin, chemical composition and age of 
the aerosol particles, and it influences the opti
cal properties, environmental effects and health 
impact of aerosol.

As part of the ongoing aerosol research in 
the Group of Ion Beam Applications of the 
Atomki, elemental mass size distribution of ur
ban aerosol were determined using particle in
duced X-ray emission (PIXE) analytical tech
nique.

Aerosol sampling campaigns were carried 
out with 9-stage PIXE International cascade 
impactors, which separates the aerosol into 10 
size fractions in the 0.05-30 pm range. Five 
48-hours long samplings were done in the gar
den of the Atomki, in April and in October, 
2007. Both campaigns included weekend and 
working day samplings.

Basically two different kinds of particles 
could be identified according to the size dis
tribution. In the size distribution of Al, Si, 
Ca, Fe, Ba, Ti, Mn and Co one dominant peak 
can be found around the 3 m aerodynamic di
ameter size range, as it is shown on Figure 1. 
These are the elements of predominantly nat
ural origin.

Figure 1. Mass size distribution of Si

Elements like S, Cl, K, Zn, Pb and Br ap
pears with high frequency in the 0.25-0.5 mm 
size range as presented in Figure 2. These 
elements are originated mainly from anthro
pogenic sources. However sometimes in the size 
distribution of these elements a 2 nd, smaller

peak appears at the 2-4 pm size ranges, indi
cating different sources.

Figure 2. Mass size distribution of S

Differences were found between the size dis
tribution of the spring and autumn samples. 
In the case of elements of soil origin the size 
distribution was shifted towards smaller diam
eters during October, and a 2nd peak appeared 
around 0.5 pm. A possible explanation to this 
phenomenon can be the different meteorologi
cal conditions. No differences were found be
tween the weekend and working days in the size 
distribution, however the concentration values 
were smaller during the weekend than the other 
days.

The elemental mass size distribution pro
vides information about the origin and sources 
of aerosol particles, and with emphasis on the 
P M 2 .5 , serves as an input parameter for the de
termination of lung deposition probabilities by 
stochastic lung model calculation. This calcu
lation together with short-term time variation 
enables us to give a more precise health impact 
of the urban aerosol.
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7 .1  T h e  n C -ra d io iso to p ic  s tu d y  o f  m e th a n o l co n v ers io n  on  V -M C M -4 1 ;  
th e  in flu en ce  o f  m e th y l  io d id e  o n  th e  tra n sfo rm a tio n

É. Sarkadi-Pribóczki, Y. Gucbilmeza\  A. Solmazb\  S. Balcib\  F. Szelecsényi, Z. Kovács 
and T. Doguc)

The MCM-41 mesoporous material has 
Lewis and even Brpnsted acid sites to produce 
dimethyl ether with some hydrocarbons, while 
over metal modified MCM-41 mostly formalde
hyde and dimethoxy methane (i.e. methylal) or 
methyl formate are produced.

In present experiments V incorporated ba
sically mild acid sites of MCM-41 was pre
pared by low temperature direct synthesis. 
The V-MCM-41 has enough main active Lewis 
sites (by V-) to form formaldehyde and also 
light Brpnsted acid sites to let the adsorbed 
formaldehyde eliminate and afterwards, with 
methanol, to form dimethoxy methane in non- 
oxidative environment.

This V-MCM-41 has been tested by ethanol 
conversion in non-oxidative environments [1] 
too and diethoxy methane as main product 
was detected. In present work the methanol 
conversion, as well as the methanol co-reaction 
with methyl iodide are studied from the same 
V-MCM-41 sample using 11C-technique. The 
1 ̂ -labelled  radioactive methanol has been al
ready applied for determination of methanol 
conversion rates on Cu-modified MCM-41 [2].

The V-MCM-41 was prepared by direct hy
drothermal synthesis method. The adsorp
tion rate of 11C-methanol and, after the re
action, the desorption rate of the remaining 
1-^-derivatives on catalyst were continuously 
detected by gamma detectors. The deriva
tives were analyzed by radio-gas chromatog
raphy (gas chromatograph with FID coupled 
on-line with a radioactivity detector).

Both dimethyl ether and hydrocarbon for
mation are also in slight degrees according to 
weak Lewis and Brpnsted acidities. Since the 
conversion was carried out without added oxy
gen gas, only the frame oxygen can take part

into catalysis.
In presence of non-radioactive methyl io

dide, the radioactive methanol is converted to 
radioactive methyl iodide on V-MCM-41. The 
radio-GC analysis confirmed that the iodide- 
induced change of the reaction performance 
was reversible i.e. the radioactive methyl io
dide was regenerated to non-radioactive methyl 
iodide again. The iodides bound to a part of 
the Brpnsted acid sites decreasing the acidity 
of catalyst, and those even bound to V-cation. 
This can be a reason that the methanol con
version selectivity to dimethoxy methane de
creased while the conversion selectivity to ra
dioactive methyl iodide increased.

Considering the results of the radioactive 
experiments, the methyl groups of methanol 
and methyl iodide can be created and bound 
to free iodide to recompose methyl iodide 
from methanol. The results show that only 
methyl iodide can be produced this way but 
the methanol can not be formed on V-MCM- 
41.

Two great advantages of this radiola
belling method: the 11C-methanol adsorption- 
desorption rates on catalyst can be continu
ously detected by radiodetectors furthermore 
the methyl group of methanol can be distin
guished from the methyl group of methyl iodide 
by radio-gaschromatograph.

a) Anadolu University, Eskisehir, Turkey
b) Gazi University, Ankara, Turkey
c) Middle East Technical University, Ankara, Turkey
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7.2  P r o d u c tio n  p o ss ib ility  o f  51M n  v ia  nalV ( 3H e ,x ) 51M n  n u c lea r  p r o cess  for  c o m 
b in ed  p o s itr o n  em iss io n  to m o g ra p h y  and  m a g n e t ic  re so n a n c e  im a g in g  s tu d ie s

F. Szelecsényi, К. Suzukia\  Z. Kovács and K. Mukaia,b)

It is very difficult to quantify the up
take kinetics and bio-distribution of magneto
pharmaceuticals in humans using MRI (Mag
netic Resonance Imaging). The well-know 
PET (Positron Emission Tomography) tech
nique, however, could give a solution to this 
problem in the case of those MRI contrast 
agents that are based on manganese as param
agnetic contrast enhancer. Luckily manganese 
has a proper radioisotope, namely the 51 Mn 
(T i/2=  46.2 min, ß + — 97%) [1], which can be 
easily employed (in the form of 51Mn-labelled 
contrast agents) for PET studies.

Recently, for the production of this ra
dioisotope proton and deuteron induced nu
clear reactions were suggested using natural 
and enriched Cr targets, respectively [2,3].

In this work we studied the 
"aiV(3He,x)51Mn nuclear processes in detail 
from their respective threshold energies up to 
40 MeV.

For natural vanadium, the 51V(3He,3n)51Mn 
reaction (natural isotopic composition of 51V: 
99.75%) forms the majority of the required 
radioisotope. The cross-sections were mea
sured by the conventional stacked-foil method. 
Two stacks containing 10 and 8 pieces of thin 
natural V foils were irradiated in external colli
mated 3He beams of the AVF-930 isochronous 
cyclotron of NIRS. Thin copper and titanium 
foils served as energy degraders. The activa
tions lasted for 1 h with a beam current of 100 
nA. The activity of the irradiated samples was 
measured without chemical separation by us
ing the usual gamma-ray spectroscopy. Since 
the 51Mn has a very weak gamma-line at 749 
keV (17= 0.265%) [1] its activity was measured 
via decay curve analysis of the annihilation

peaks.
We also measured the excitation func

tions of those reactions which form the ma
jor radio-contaminants i.e. 52mMn (T1/2=21.1 
min, E7=1434.068 keV(l7=98.3%)) and 52Mn 
(T1/2=  5.591 d, E7=744.223 keV (I7 =90%), 
E7=935.538 keV (I7=94.5%)) [1]. The exci
tation function curve of the naiV(3He,x)51Mn 
nuclear process shows one maximum of about 
40 mb at about 30 MeV. The maximum 
cross-sections of the naiV(3He,x)52rnMn and 
naiV(3He,x)52Mn processes are about 55 (at 
about 14.5 MeV) and 85 mb (at about 14.5 
MeV), respectively.

As far as we know, the present measure
ments describe a first systematic study of the 
above processes up to 40 MeV.

Based on the results of the present mea
surements, thick target yields were also calcu
lated for the production of 51Mn, 52mMn and 
52Mn up to 40 MeV. We also evaluated the op
timum production circumstances both for the 
targets and the applicability circumstances of 
the product.

According to the results, the 
raaiV(3He,x)51Mn route seems to be useful for 
practical production purposes in the energy 
range of 23—>50 MeV.

a) Molecular Probe Group, Molecular Imaging Cen
ter, National Institute of Radiological Sciences, 
Chiba, Japan

b) Ion Beam Group, The Japan Steel Works, Yoko
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7.3 E n e r g e tic  ch a n g e  o f  th e  p r im a ry  q u in o n e  in  p h o to sy n th e t ic  rea c tio n  cen ter: 
m u ta tio n , d e la y e d  f lu o rescen ce  a n d  m o d e l ca lc u la tio n s  
(T h e s e s  o f th e  P h .D .  d is se r ta t io n )

L. Rinyu

Photosynthesis is one of the basic metabolic 
processes of living organisms. Photosynthesiz- 
ing species (bacteria, algae and higher class 
plants) convert the energy of light into other 
forms of free energy (redox potential, electro
chemical potential of ions and protons and 
phosphate-potential) which are directly suit
able either to cover the energy need of the vital 
processes of the cell or to storage.

In reaction center (RC) protein of photo
synthetic bacteria, electron transfer is initi
ated upon light excitation from the excited 
bacteriochlorophyll dimer (P) to the secondary 
quinone (Qв)  via bacteriopheophytine (Bph) 
and the primary quinone (Qa). In Rhodobac- 
ter sphaeroides purple bacteria, both quinones 
are ubiquinone-10, but due to the different pro
tein environment, their electrochemical prop
erties is highly different. Whereas Qa makes 
one-electron chemistry, Qв  can be doubly re
duced to form hydroquinone, QßH2 by uptake 
of two protons. QßH2 subsequently leaves the 
RC and is replaced by an oxidized quinone from 
to membrane pool. The semiquinones are im
portant intermediates in the quinone reduction 
cycle of the RC. The redox midpoint potentials 
of the Q /Q -  redox pairs (Em) are also differ
ent: the Qa / Qa has 60 mV more negative po
tential than  the Qв / Q# couple (pH 8) to make 
the (interquinone) electron transfer favorable. 
For fine tuning of the midpoint redox potentials 
of the quinones, the protein assures appropri
ate steric and electrostatic environment.

The most important aim of this study was 
the design and production of reaction center 
mutants in the binding pocket of the primary 
quinone to investigate the effect of the amino 
acids of the protein and lipids of the mem
brane on the thermodynamics of the primary 
quinone. The first priority was the determina
tion of the absolute free energy gap between 
the P* and the P+Q^ states in wild type and 
mutant reaction centers by comparison of the

intensities of prompt and delayed fluorescence 
emitted by the primary donor of the reaction 
center. By use of the values of the free energy 
gaps, I calculated the in situ midpoint redox 
potential of the Qa/Q a redox couple in the 
mutants and the wild type and compared these 
values with each other. Based on the available 
data of reaction center structures I gave a pos
sible explanation to the substantial change in 
Em of Q/i in case of mutants.

The available X-ray structures of reaction 
center make possible to calculate the thermo
dynamic properties of the mutants with com
puter simulations. Using docking simulations 
in wild type and mutant reaction centers, I cal
culated the binding free energies of the quinone 
and semiquinone molecules to the Qa packet 
and estimated the midpoint redox potential 
of the Qa / Qa redox couple. Additionally, by 
use of the free energy perturbation method, I 
modeled the reductions process of the primary 
quinone molecule in wild-type and mutant re
action centers.

W ith the application of cardiolipin 
(diphosphatide-glycerol) as a model-lipid, I 
investigated the interaction between the re
action center protein and the lipid environ
ment. I described how it affects to the charge- 
recombination process and how it influences 
the free energy level of the charge couple 
(P+Qa ) relative to the free energy level of 
the excited primary donor.

W ith the investigation of the delayed fluo
rescence emission of the reaction center embed
ded into membrane fragment (chromatophore) 
I gave further information about the effects of 
reaction center proteins and lipid membranes 
on the energetic properties of Qa . In addition 
to these studies, I characterized the complex 
kinetics of the decay of delayed fluorescence 
emitted by chromatophore and also gave a de
scription of the new fastest kinetic component.
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7 .4  N A N O D E R M : Q u a lity  o f  sk in  as a  barrier to  u ltra -fin e  p a r tic le s

Á.Z. Kiss, T. Bíróa\  G. Czifraa\  I. Juhász^ , Zs. Kertész, В. Kissb\  Z. Szikszai, B.I. Tótha\  
J. Hunyadi

The EU5 project carried out by a consor
tium of 12 European universities and research 
institutes under the leadership of the Faculty of 
Physics and Geosciences, University of Leipzig 
started in 2003 and ended with the publication 
of its final report in 2007. The main goal of 
the project was to get quantitative information 
on the penetration of ultra-fine particles in all 
strata of skin, on their penetration pathways 
as well as on their impact on human health. 
Details of the project can be found on the fol
lowing website:
http://www.uni-leipzig.de/~nanoderm.

The Hungarian team was lead by the De
partment of Dermatology, University of Debre
cen, who provided human skin grafted on SCID 
(Severe Combined Immune Deficiency) mice as 
a suitable model for studying particle penetra
tion. In the Institute of Physiology, University 
of Debrecen, the cellular effects of the nanopar
ticles were assessed. The ATOMKI group per
formed ion beam analytical investigations us
ing proton induced x-ray emission and scan
ning transmission ion microscopy techniques to 
determine the particle distribution on porcine, 
SCID graft and human skin samples on which 
various nanoparticle (ТЮ2) formulations in
cluding commercially available sunscreens were 
applied. Several pre-treatments of the skin 
were tested, too. The skin samples were cryo- 
fixed native specimens, reducing considerably 
the possibility of creating artefacts.

Results
Titanium was only detected in the stratum 

corneum for healthy skin. Penetration to layers 
consisting of living cells was not observed. No 
diffusion profile was present therefore we con
clude that the penetration takes place through 
mechanical action. Deep penetration into hair 
follicles was also observed, but not into vital

tissue. Clearance is expected via desquama
tion and sebum excretion respectively for cor- 
neocyte layers and hair follicles. In conclu
sion, the NANODERM group does not expect 
any harmful effects of sunscreens containing 
ultra-fine particles on healthy skin. On the 
other hand, micronised titanium-dioxide parti
cles are internalized by melanocytes and fibrob
lasts in cell culture. Particles disturb cell via
bility and proliferation as well as keratinocyte 
differentiation.

Outlook
Although this EU project has ended, there 

are still several questions to be answered. In 
view of the cellular effects, we are currently 
investigating the penetration of nanosized par
ticles into skin with impaired barrier function. 
Long term exposure studies are also required.

Acknowledgements
This work was supported by the 5FP 

project NANODERM QLK4-CT-2002-02678. 
The Laboratory of Ion Beam Applications 
was upgraded with the help of the EU co
funded Economic Competitiveness Operative 
Programme (GVOP-3.2.1.-2004-04-0402/3.0). 
The Hungarian National Research Foundation 
(OTKA No. К 68827) is also acknowledged for 
funding the follow-up studies.

a) University of Debrecen, Dept, of Physiology
b) University of Debrecen, Dept, of Dermatology

Publications by authors or co-authors from ATOMKI:
[1] Zs. Kertész et ai, NIM В 231 (2005) 106-111
[2] Zs. Kertész et ai, NIM В 231 (2005) 280-285
[3] P. Auger et ai, NIM В 231 (2005) 292-299
[4] J. Lekki et ai, NIM В 260 (2007) 174-177
[5] В. Kiss et ai, Exp. Dermatol. 2008 Feb 27

(in press, available online)

71



Z. Kormány, P. Kovács, I. Szűcs, I. Ander, F. Párkányi

8.1 Status R ep ort on  C yclotron  O peration

The operation of the cyclotron in 2007 was 
concentrated to the usual 9 months; January, 
July and August were reserved for maintenance 
and holidays. The overall working time of the 
accelerator was 2951 hours; the time used for 
systematic maintenance was 343 hours. The 
breakdown periods amounted to 43 hours last 
year. The cyclotron was available for users dur
ing 2565 hours. The effectively used beam-on- 
target time is summarized in Table 1.

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

P ro jec ts H ours %
Nuclear spectroscopy 151 14.2
Nuclear astrophysics 465 43.8
Radiation tolerance test 214 20.2
Medical isotope production 96 9.0
Thin layer activation (TLA) 50 4.8
Target technology 85 8.0
T o ta l 1061 100

The summer shutdown period was ex
tended by one week this year to complete a 
major maintenance task in the vacuum cham
ber of the cyclotron. The septum electrode of 
the electrostatic deflector had been in opera
tion for over 7 years and it started showing 
some early signs of deterioration. As a preven
tive action we decided to replace it by a new 
one.

A new ion source head manufactured and 
assembled in our workshop was also installed 
during the summer maintenance period. Both 
installations were successful; the new septum 
electrode provides even slightly better extrac
tion efficiency than the usual value and beam 
intensities produced by the new ion source are 
well in accordance with the specifications.
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8.2  A c t iv it ie s  a t th e  V an  de G raaff A cce lera to r  L a b o ra to ry

L. Bartha

During 2007 the beam time of the VdG-1 
machine amounted to 1450 hours. The acceler
ator delivered proton (68.2 %) and 4He+ (31.8 
%). The ion beams were used for low energy 
atomic physics (548 hours, 37.8 %) and nuclear 
physics (896 hours, 61.8 %) experiments. Ma
chine tests required 6 hours (0.4 %) beam time.

The 5 MV Van de Graaff machine was oper
ating for 1421 hours during this period. Proton 
(78.75 %), 4He+ (7.88 %) and (13.37 %) 
particles were accelerated. The beam time was 
distributed among different research subjects 
as shown in Table 1.

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

Field Sign H ours %
Atomic physics AP 141 9.92
Nuclear physics NP 103 7.25
Nuclear astrophysics NAP 138 9.72
Analytical studies IBA 628 44.19
Micromachining MM 336 23.64
Machine tests MT 75 5.28
Total 1421 100

Improvements
During the year the following reconstruc

tion works had been carried out on the 5 MV 
VdG machine:

- The supporting column side holder clips 
of potential divider chain members had been 
velded to the column torus rings to avoid fall 
down of the resistors.

- We ran out of the original charging belt 
of he machine. As manufacturing of such size 
of charging belts stopped, it had been replaced 
by a new type of belt, made originally as trans
porter belt for food-industrial application.

Type of the new belt: E 8/2 U0/U2 MT- 
NA WHITE FDA

Manufacturer/supplier: Siegling Hungária 
Kft, H-1044 Budapest, Megyeri út 8.

- The old charging belt had been charged 
on the inner side, against a counter-electrode 
placed at the opposite side of the belt. The in
ner side of the new belt is a plain carcass, which 
cannot be charged, thus the old charging sys
tem had been changed. At the new system 
the driver pulley acts as a counter-electrode 
and the charging brush is placed in front of 
that part of the pulley, where the belt lays on 
it. The pulley had been insulated from the 
ground, and grounded through an ammeter. 
That meter measures the upcharge current. To 
avoid erosion effects of the charging current go
ing through the bearings of the pulley, a short 
circuiting bridge composed of a carbon brush 
and a slipping ring had been constructed.

- The old worn-out tungsten brushes had 
been replaced by stainless-steel brushes, made 
also for food-industry. Type of the brush: 
ABL100005-K1.

Body: Aluminium, bristle material:
Bekinox twisted, visible bristle height: 15 mm, 
body length: 1000 mm. We cut it into two 500 
mm pieces.

Manufacturer/supplier: Mink-Bürsten,
August Mink KG, Autenbachstrasse 24-30, 
73035 Göppingen, Germany.

The new upcharge brush is fed by as low as 
4 kV charging voltage. The collector brush is 
placed against a traditional counter-electrode 
and about 250 pA current can be collected by 
it with ease.

At the installation of the new belt the in
ner equipotential bars had been left out. As a 
result of the new charging system, the energy 
stability improved and the terminal ripple sig
nificantly decreased. Both this fact and the 
lowered Bremsstrahlung due to the well run
ning oil-free vacuum-system contributed to safe 
operation of the accelerator up to 4 MV termi
nal voltage.
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S. Biri

8.3 A c tiv itie s  in th e  E lec tro n  C y c lo tron  R eson an ce (E C R ) L aboratory

It is a tradition in our institute that the 
staffs of the accelerators w rite short reports 
about the activities in the current year. These 
non-scientific reviews are actually statistics in 
the institute Annual Report showing the deliv
ered beams and beam-times for each research. 
The electron cyclotron resonance (ECR) ion 
source (ECRIS) has been operating since 1997 
and 2003 was the first year when we distributed 
its operation time among the  users. Between 
2003 and 2007 the yearly operation time was 
around 500...600 hours. From this year we de
cided to follow the example of the other acceler
ators (Cyclotron and the Van de Graaff gener
ators) . In this paper we give a short summary 
on the activities took place in the ECR Labo
ratory in 2007 (and is planned to do it in every 
Annual Reports in the subsequent years).

Since 2006 the ATOMKI-ECRIS has two 
operation modes [1]. The ECRIS-A is the orig
inal assembly to produce highly charged ion 
beams. The ECRIS-B configuration [2] forms 
large-size, low-charged plasmas for materials 
research and plasma investigations. In 2007 
the ion source operated two months in the “B” 
mode (January and February) and 10 months 
in the “A” mode.

Table 1 summarizes the plasma and beam 
hours devoted for the research topics. Sepa
rated papers are published in this Report if re
markable results were achieved in any of these 
topics. More information and other details are 
in the homepage of the laboratory [3]. The ter
minology “beam-time” or “hour” however, is a 
little different from the other accelerators. A 
part of the experiments at the  ECR ion source 
require the generation of plasma only and no 
beam extraction is necessary. The “Hours” in 
the table mean the time when a plasma was 
made in the plasma chamber. In most cases 
an ion beam was extracted so the ECRIS op
erated as a real accelerator. “Beam develop
ment” means our continuous time-consuming 
efforts with the goal to produce new plasmas 
and beams with better parameters: higher

charge, higher intensity, better transport effi
ciency, wider ion choice, etc.

Table 1. Plasmas and beams produced in the ECR 
Laboratory in 2007. HCI means highly charged ion.

Research
topic

Ion species Hours %

Ion guiding 
through nano
capillaries

Ne^, Ne/+ 
Ar8+, Аг12+ 200 32

Fullerene
research

c 5*+, c « +/'-ч 2+ /-л 2+5̂8 » '-'бО
Fe+

100 16

Surface 
modification 
with HCIs

Ar8+ 30 5

X-ray
spectroscopy

Krli+ 
Ar1+"16+ 150 24

Beam
development
&
maintenance

0 3+" 7+ 
il4+, c 60+
Ar8+ 16+ 
Ne6+- 9+

140 23

Total 620 100

Beyond the scientific research several tech
nical developments improved the ability of the 
ion source. The plasma chamber (А-mode) was 
modified in order to avoid О-ring melting. The 
high voltage insulation was improved and now 
we can reach and use 30 kV acceleration voltage 
(the old top value was 20 kV). Two quartz win
dows were installed in the beam-line for on-line 
observing of the beam spot using web cameras. 
We successfully exceeded the old record for He- 
like Ar (Ar16+) and now the new record is 7 nA 
at 10 kV terminal voltage.

[1] S. Biri, É. Fekete, I. Iván, and I. Gál: Transforma
tion of the ATOMI-ECRIS into a Plasma Device, 
ATOMKI Annual Report 2006, pp. 72-73.

[2] GVOP-3.2.1-2004-04-0054/3.0.
[3] http://www.atomki.hu/atomki/ECR
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8 .4  C o n c ep t for p r o c e ss in g  o f  s ilico n  check  v a lv e s  b y  p ro to n  b e a m  m icr o m a ch in in g

Cs. Dücsőa\  I. Rajta, P. Fürjes a\  E. Baradács ̂

The increasing demand for chemical or bio
chemical microsystems, e.g. Lab-on-a-Chip in
spires the development of integrable microflu
idic components. In this work, we propose 
a novel approach for the formation of check 
valves by combining direct proton beam im
plantation with porous Si etching technique [1].

When implanting Si single crystal with high 
energy protons, defects are generated along the 
ion path resulting in locally increased resis
tivity. The damaged volume acts as a bar
rier against the current flow during the elec
trochemical etching process. Applying high 
implantation dose the current flow is locally 
inhibited, thereby the porous Si formation is 
locally ceased. This effect can be exploited in 
fabrication of 3D crystalline silicon (c-Si) struc
tures by combining with the locally selective 
porous Si formation and dissolution. As the 
implantation energy determines the projection 
range of the ions, with appropriate selection 
of energy and dose of the ion microbeam, 3D 
structures can be formed in the Si crystal.

Two types of check valve structures were 
considered: the first group is called “horizon
tal”. The membrane is attached to the flow 
channel at one of its side or by a reduced 
cross-section neck at the side. The flexible 
membrane is vertical to the surface but tilted 
with the sidewall of the channel by an angle of 
30-60°. Therefore, flow from the two directions 
has different effect, may open the valve mem
brane more or close it, the valve works like a 
door. The SEM image of the “horizontal” struc
ture is shown on Fig. 1.

In the “vertical” versions both the sidewalls 
and the membranes are attached to the bottom 
of the channel but there are no contacts at the 
sides. The membrane is not perpendicular, it 
has an angle of 40-60° to the bottom of the 
channel (see Fig. 2). The operation is similar 
to the other versions.

The feasibility of fabricating check valves 
by this method was proved both experi
mentally and by model calculations. In a 
10-15 ohm cm substrate 1 gm or submicron

proton beams of minimum 2 MeV energy and 
~ 1016 cm2 dose is necessary for fabrication of 
the required structures.

Figure 1. SEM views of the “horizontal” struc
tures. The implantation energy is 2 MeV, proton 
dose is 2.4 x 1015 cm2.

Figure 2. The “vertical” structure in a 30 pm deep 
channel. The tilt of the valve membrane is 43°.
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8.5 P o ly m e r  m ic r o c a p illa r ie s  c r e a te d  b y  P -b e a m  W ritin g

S.Z. Szilasi, I. Rajta, S. Sipkaa\  B. Sulik, Z. Juhász, C. Cserháti^

PMMA sheets of 50 /лт thickness were irra
diated using a pattern of 10 /rm diameter filled 
circles. The proton beam energy was 2 MeV, 
which have a penetration depth in PMMA of 
64 pm. Figure 1. shows the energy loss of the 
ions as a function of depth in the sample. The 
energy deposition along the path is almost ho- 
mogeneuos, the Bragg-peak is behind the sam
ple. This ensures that the created microcapil
laries will have smooth cylindrical walls. The 
ions were collected by a Faraday-cup behind 
the sample, which also served for charge nor
malization.

Figure 1. Energy loss of 2 MeV protons as a func
tion of depth in 50 pm thick PMMA sample.

The produced samples were developed in 
GG-developer at 35 °C, then rinsed in DI wa
ter. The inside of the microcapillaries were 
rinsed by means of ultrasonic bath.

The samples were quality checked using op
tical and electron microsopes. It was concluded 
that the microcapillaries have the designed cir
cular cross section, and the error (undeveloped 
or missing holes) is less than  2%. The trans
parency of the filters is 20% (hole area /  to
tal area). Fig.2. shows a  typical optical mi
croscopy image.

Promising experiments have started in bio
logical applications of these filters in the Lab
oratory of Immunology, 3rd Department of In
ternal Medicine, University of Debrecen, Med
ical and Health Science Center.
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Figure 2. Optical microscopy image of the devel
oped samples.

We are also going to study the ion-guiding 
properties [1] of the capillary arrays. Such 
experiments have been started recently in 
ATOMKI [2]. If they can efficiently deflect 
the highly charged heavy ions in a few de
grees range, they are applicable for construct
ing small ion-focusing elements without power 
consumption in the keV ion-energy range.
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8.6 A q u eo u s b ase  d ev e lo p a b le : e a sy  str ip p in g , h ig h  a sp e c t  r a tio  
n e g a tiv e  p h o to r e s is t  for o p tica l an d  p ro to n  b ea m  lith o g r a p h y

M. Chatzichristidia\  I. Rajta, Th. Speliotisa\  E. Valamontesa\  D. Goustouridisa\  
P. Argitisa\  I. Raptis

A variety of different photo resists are used 
for the fabrication of polymer and metal high 
aspect ratio structures. Among them SU-8, a 
chemically amplified negative tone photoresist 
is the mostly used. However, after processing 
the finished resist pattern (SU-8) is hardly re
moved from the substrate. In the present work 
the formulation and process optimization of a 
negative tone chemically amplified photoresist 
(TADEP) is presented.

TADEP resist consists of epoxy (EP), 
partially hydrogenated poly(hydroxystyrene) 
(PHS) components and l-(4-hydroxy-3- 
methylphenyl) tetrahydrothiophenium triflate 
as PAG. In particular the component relative 
concentration and the PAG molecule have been 
optimized towards the optimum absorption in 
the exposure spectrum as also the dissolution 
rate of the uncrosslinked regions. In addition 
the PAB step has been studied towards the op
timum conditions in terms of resist adhesion.

The proton beam exposures were per
formed on the nuclear microprobe facility at 
ATOMKI. The proton energy was 2 MeV, the 
beam was focussed down to ~3 ^m spot size 
and the beam current used was in the 5-60 pA 
range. The scan size was typically 1000 pm  
and the beam step size was 1 pm. The fluence 
was 300 nC/mm2.

The thermal processing steps (Post Apply 
Bake (PAB), Post Exposure Bake (PEB)) were 
carried out on a levelled hot plate. The devel
opment was performed in AZ726 MIF (0.26N 
TMAH) at room temperature in stirring mode. 
Before the nitrogen drying, the samples were 
rinsed in deionized water.

Electroplating was carried out at a temper
ature controlled bath at 50 °C by using a solu
tion consisting of nickel sulfate, nickel chloride, 
boric acid, ferrous sulfate and saccharin and a 
constant current density of 40 mA/cm2. Strip
ping of the crosslinked regions was performed 
using acetone in an ultrasonic bath (Branson 
2200, frequency of 47 kHz ±  6%). The resist 
structures are totally removed, despite the fact 
the width of the polymer structures was very 
small compared to the width of the comple
mentary metallic ones.

The TADEP resist owns two significant ad
vantages over the SU-8: the dissolution of the 
uncrosslinked areas in IC standard aqueous 
developers and the easy stripping in acetone 
by the assistance of ultrasonic bath. By us
ing the TADEP resist 1.5 pm  wide very long 
lines were printed, by UV lithography, in an 11 
pm  thick film, providing an aspect ratio of 7. 
These structures were transferred, by electro
plating followed by resist stripping, into thick 
Ni film. In addition first experiments with Pro
ton Beam Writing showed an aspect ratio of 8, 
most probably limited by the rather large beam 
diameter used [1].
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8 .7  Io n  gu id in g  a n d  lo sses  in  in s u la to r  cap illar ies

Z. Juhász, В. Sulik, Gy. Vikor, S. Biri, É. Fekete, I. Iván, F. Gáli, К. Tőkési, S. Mátéfi-Tempflia\
M. Máté fi- Tempfli , E. Takácsb\  J. Pálinkás^

Not long ago it weis discovered that insulat
ing capillaries can guide slow ions [1], so that 
the ions avoid close contact with the capillary 
walls and preserve their initial charge state. 
This phenomenon did not only give a new puz
zle for theoreticians but opened the way for 
new possible applications where ions are ma
nipulated (deflected, focused and directed to 
different patterns on the irradiated media) with 
small capillary devices. The most important 
question for such applications is how large frac
tion of the ions can be guided to the desired 
direction.

It is already known that the ion guiding 
is due to the charging up of the inner cap
illary walls by earlier ion impact events. In 
tilted capillaries one side of the capillary walls 
charges up. This deflects the later arriving 
ions, so that some of them pass through the 
capillaries nearly parallel with respect to their 
axes. The angle where the transmission drops 
to 1/e  of the direct transmission at 0° is the 
guiding angle, which characterize the guiding 
ability.

At 0° the ideal 100 percent transmission for 
the ions, which enter the capillaries, is reduced 
due to the mirror charge attraction and geo
metrical imperfections. These losses appear in 
the transmission for tilted capillaries with simi
lar magnitude, since after the deflection region, 
which usually restricted to the close surround
ings of the capillary openings, the guided ions 
pass through the rest of the capillaries as in 
non-tilted samples.

In our experimental studies [2] with AI2 O3  

capillaries we found that around 90 percent 
of the incoming ions are lost. To understand 
these significant losses, the effects of the mir
ror charge attraction and geometrical imper
fections have been calculated classically. The 
mirror charge potential was taken from [3].The 
model of the capillaries used in the calculations 
can be seen in Figure 1.

Niobium

Figure 1. Capillary model with ion trajectories, 
rn: radius of the capillary opening at the metallic 
layer, ro: inner radius of the capillary, rcrit: criti
cal starting distance from the axis from where ions 
can still pass the capillary.

The calculations have shown that the ef
fects of mirror charge attraction and the an
gular distributions of the primary beam and 
the capillary axes can cause such large trans
mission losses. The very different transmission 
abilities measured in the different experiments 
for different materials can be explained by the 
different dielectric constant of the materials, 
the different beam properties and the different 
capillary angular distributions due to different 
preparation methods. Such simple calculations 
can significantly contribute to the understand
ing of the phenomenon.
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8.8 R e sp o n se  o f  a few  L a B r3 s c in t il la t io n  d e te c to r s  to  h ig h  e n e r g y  7-ra y s

A. Vitéz, D. Balabanskia\  M. Csatlós, M. Ciemalab\  G. Georgievc\  J. Gulyás, A. Krasznahorkay, 
M. Kmiecikb\  A. Lefebvre-Schuhlc\  R. Lozevac'd\  A. Majb\  S. Lalkovskie\  J.-M. Daugas^

LaBr3:Ce scintillators are attracting partic
ular interest for 7-spectroscopy due to their ex
cellent time and energy resolutions. Motivated 
by Giant Resonance studies and neutron-skin 
thickness measurements, in this work we tested 
the energy resolution and efficiency of l ”x l”, 
1.5”xl.5” and 2”x2” crystals for 7-rays up to 
17.6 MeV.

At low energies the resolution and efficiency 
were measured using standard 60Co and 152Eu 
7-ray emitters, which were placed at 15 cm 
from the face of the detectors.

The measurements for the high energy 
region were performed with proton beams 
from the 5 MV Van de Graaf accelerator of 
ATOMKI using different (p,7) reactions on 7Li, 
UB, 27Al, 23Na, and 39K targets in the simi
lar way as we did previously in calibrating a 
Clover detector [1]. The detectors were set at 
15 cm from the target and at 55° with respect 
to the beam direction, in order to minimize 
the effect of the different angular correlations. 
All targets were made by evaporation onto 0.1 
mm thick Та backings in vacuum. The thick
nesses of the targets were varied between 10 - 
75 fig/cm2. Beam currents varied between 1 
and 2 цА  and the charge collection was contin
ued till the statistical error for the high energy 
7-rays becomes less than 5 %.

A typical gamma-spectrum for e.g. 2"x2" 
detector is shown in Fig. 1. Although the pho
topeak efficiency decreases at higher energy, 
this detector can still be used. Around 10 MeV 
it is comparable to the efficiency of e.g. an 
Euroball type Clover detector (with more than 
four times larger active volume [1]) in adding 
back mode. For energies above 15 MeV a larger 
LaBr3:Ce crystal would be required.

The relative energy resolution (FWHM) is 
shown as a function of the 7-ray energy in Fig.
2. It goes well below to 1 % at 10 MeV and 
reaches about 0.5 % at 17.6 MeV, which is the 
best for scintillation type detectors.

Figure 1. Response of a 2”x2” crystal to high en- 
ergy 7 -rays created in the 23Na(p,7 ) 24Mg reaction. 
The intensity of the 3 radiation is approximately 
the same. The single and double escape peaks are 
nicely resolved.

2  . 4  2in x 2in L aB r3  detector
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Figure 2. Relative energy resolution of a 2”x2” 
crystal as a function of the 7 -ray energy. The 
dashed line shows the expected E~V2 behaviour.
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8 .9  D ev e lo p m en ts  for io n -so lid  in te r a c tio n  s tu d ie s: T h e  co m m iss io n  o f  an  e lec tro 
s ta t ic  d eflec to r  u n it

A. Orbán and S. Hagmann a,b̂

Heavy ions for the first time have been used 
in cancer therapy at GSI, Darmstadt. The 
heavy-ion treatment of deep-seated tumors is 
more effective and in the same time less de
structive for benign tissues than conventional 
photon therapy. Experimental data for elec
tron production and transport along the trajec
tory of energetic heavy ions penetrating solids 
are required as input data for therapy plans. So 
far these plans are based on data provided by 
gas-phase experiments, in this way solid state 
effects have been ignored. In Atomic Physics 
Department of GSI studies in this direction 
are going on with use of a toroidal electro
static electron spectrometer for ion-foil colli
sions. The spectrometer is equipped with a 
position sensitive multi channel plate (MCP) 
detector, used for electron detection in angular 
range between 0° and ±180°. In this way angu
lar and energy distribution of electrons emitted 
due to ion-solid interaction is accessible.

Previous studies of the group raised ques
tions about the non-linear operation of the de
tector. Determination of absolute cross sec
tions assumes, among many other parameters, 
the knowledge of the detector performance. 
Furthermore, without detailed quantitative in
formation about the MCP reliable analysis and 
interpretation of the two-dimensional electron 
spectra are also not possible. For the above 
reason we have commissioned and implemented 
an electron gun system as a tool for MCP test 
measurements at the beam-line X3 (UNILAC, 
the linear accelerator of GSI). For the calibra
tion of the detector, the assurance of the same 
experimental conditions for ion- and electron 
beam experiments is of crucial importance. For 
this reason we also implemented a new elec
trostatic 90° quadrupole deflector which bends 
the electron beam into the beam channel X3 
(Fig. 1). This development allows to have ion- 
and electron beam of the same trajectory with
out changing the set-up and breaking the vac
uum. The electron deflector was designed to 
keep the optical properties of the beam which 
was achieved by the use of the additional lens

systems at the entrance and exit part of the 
deflector.

electron gun

Figure 1. Scheme of the experimental set-up.

This new set-up will allow for the first time 
the analysis of electrons emitted in angular 
range between 0° and ±180° in collisions of 
solid targets with electron- and ion beam. As a 
first step we checked the properties of our elec
tron beam (energy: 0.5 - 2 keV), analyzing it 
with the spectrometer. In Fig. 2 the size of the 
beam and the peak/background ratio indicates 
the satisfactory performance of the set-up.

Figure 2. The image of an 1-keV electron beam 
on MCP analyzed by the spectrometer.
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8 .1 0  F irst b ea m  te s ts  a t th e  iso to p e  sep a ra to r

M. Hunyadi, Z. Gdcsi

Subsequent to the transportation of the sec
tor magnet, vacuum system elements and elec
tronic modules to Debrecen [1], the installation 
of the isotope separator involving the construc
tion of a new ion source [2] and beam line were 
started in 2006 and completed in early 2007. 
The first isotopic beam of singly charged noble 
gas ions (Ne, Ar, Kr) was produced in April 
2007 after the complete equipment became op
erational. The development of the ion source 
was then extended to the implementation of a 
vaporizer oven connected to the plasma cham
ber, which can provide ion beams formed of 
solid elements with melting points of approx
imately up to 500 °C. In the first test experi
ments on solid elements, sulphur and selenium 
vapors were ionized and extracted at 10-20 kV. 
Newly designed and constructed electrostatic 
ion-optical elements were employed to shape 
and guide the extracted beam, which then was 
momentum-separated by the high-dispersion 
55° sector magnet. Separated beam currents 
were measured at a maximum of 40 /J.A.

Impinging of isotopic beams on sample sur
faces was facilitated with the use of focussing 
and decelerator lenses to achieve appropriate 
conditions for soft-landing deposition below 
100 eV and to avoid undesirable sputtering.

80 78 77 76
49.8% 23.5% 7.6% 9.0%

Figure 1. Four of stable selenium isotopes inci
dent on a fluorescent ZnS screen. Masses and nat
ural abundances of isotopes are also indicated.

Fig. 1 presents a view of the ZnS screen 
placed at the end of the beamline, showing four 
of the stable selenium isotopes as isolated spots 
with intensities proportional to their natural 
abundances. To check the purity of selenium 
isotopes deposited on various substrates, Sec
ondary Neutral Mass Spectrometry (SNMS) 
has been applied, and a mass spectrum ob
tained for a Se-80 sample is shown in Fig. 2. 
Evidently, the neighbours of a selected isotope 
were not contributing significantly at this mod
erate level of statistics, which resulted in an 
enrichment of approximately 97%, even for the 
least abundant isotopes.

Further development will focus on the im
provement of various operational characteris
tics of the ion source, like temperature stabil
ity, ionization efficiency, plasma density con
centration and vapour pressure regulation. A 
high performance ion source and beam guide 
system are a conceptual condition for most ap
plications, and must form a suitable basis for 
optimizing further extensions of development.
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Figure 2. Mass spectrum of SNMS analysis ob
tained for Se-80 deposited on a tungsten plate.
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A. Algora, for the DESPEC Collaboration

8.11 S tu d y  o f th e perform ance o f a c lover array for th e  D E S P E C  experim en t

The DESPEC experiment (DEcay SPEC- 
stroscopy) aims to study the decay properties 
of exotic nuclei produced in the future FAIR 
facility. A Ge array, adapted to the specific 
conditions of the Super FRS, is one of the key 
setups for this experiment. The collaboration 
is considering two possible setups for the Ge de
tector array. One possibility is to use an array 
of stacks of planar Ge detectors specifically de
signed for the DESPEC needs. An study of the 
planar setup was already discussed in our con
tribution to the annual report last year [1]. The 
other alternative is to use an array of "more" 
standard segmented Ge detectors of EXOGAM 
[2] or TIGRESS [3] type with a higher seg
mentation. The R&D phase of this project 
requires the realization of Monte Carlo(MC) 
simulations to evaluate the optimal setup for 
the future experimental facility.

The results obtained for the simulations of 
the proposed segmented clover setup are pre
sented here. This setup consists of an array of 6 
segmented clover detectors arranged around a 
focal plane of 260 x 100 x 40 m m 3 . Each clover 
comprises four HPGe crystals. The HPGe crys
tals, initially 60 mm in diameter and 90 mm in 
length, are cut with four flat surfaces for effi
cient packing into a square geometry. In the 
geometry considered here each crystal is seg
mented in 12 (a longitudinal segmentation in 
four and three segments along the longitudi
nal axis at depths of 25-25-40 mm). The total 
number of electronic channels of such an array 
is 6 x 4 x 12 =  288.

The described clover geometry has been im
plemented using the MC code GEANT4 [4]. As 
in our previous work [1] the tracking code mgt 
developed by D. Bazzacco [5] for the AGATA 
collaboration was used to study the tracking 
properties of such an array. The results, pre
sented in Table 1, correspond to the application 
of the mgt code to simulation data of centered, 
point-like monoenergetic gamma sources. The

first column shows the energy of the emitted 
gamma rays. The second presents the maxi
mum peak efficiency that can be obtained with 
the setup (as a total absorption spectrometer). 
The third column shows the peak to total ratio 
obtained in case the clover detectors are con
sidered as detector units (add-back use). The 
fourth column shows the peak to total ratio 
obtained after the application of the tracking 
code for the full array. Finally, in the last col
umn the efficiency of the tracking algorithm is 
given. As part of our work the effect of emis
sion of gamma cascades on the tracking effi
ciency has also been studied. Similar results 
for the planar array were already presented in 
[!]•

The next step of our work will be the study 
of the electrical pulses generated in the detec
tors in order to evaluate the performance of 
pulse shape analysis for the present setup. Dif
ferent longitudinal segmentations are also un
der consideration.

Table 1. Results of the simulations for monoen
ergetic gamma rays (see text for details).

E
MeV

Eff
Peak

P/T
Clov.

P/T
Track.

Track.
Eff.

0.10 37 88 91 98
0.25 28 67 76 95
0.50 20 49 59 96
1.00 15 38 47 94
2.00 10 29 34 92
5.00 6 16 17 76
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8 .12  P r o d u c tio n  o f  s in g le  g lass ca p illa ry

F. Turi, R.J. Bereczky and K. Tőkési

Investigations of the interactions of highly 
charged ions with internal surfaces recently be
come available due to the advances in the fab
rication of microcapillaries. The first measure
ments were performed using metallic microcap
illaries. Therefore the first theoretical descrip
tions pertained also to metallic micro capillar
ies and highly charged ions (HCI) which have 
proven to be quite successful in comparison 
with experimental data [1]. Later the inves
tigations of HCI and insulator capillaries be
come also available and the unexpected charge 
particle guiding was discovered, i.e. the slow 
HCIs can able to pass through the capillary, 
keeping their initial charge states even though 
that the capillary axis is tilted with large an
gles compared with the direction of the inci
dent beam [2,3]. In this case, the theoretical 
descriptions of the interaction between charged 
particles and insulator capillaries are far from 
being well understood. So far, a thin insulat
ing foil with multitude of straight holes was 
used to study the the interaction between HCI 
and insulator capillaries. Therefore, for the ac
curate simulation of the ion trajectories, the 
collective effects due to the neighboring capil
laries must be also taken into account. This 
causes an extremely hard and challenging task 
for theoreticians.

Figure 1. Optical micrograph of a single glass 
capillary.

Therefore, for ideal and clear investiga
tions, both experimental and theoretical, we 
produced single glass capillaries (see Fig. 1.). 
The capillaries were prepared by heating a 
straight glass tube made from pirex, and then 
it was stretched by pulling both ends with a 
constant force. The diameter of these capillar
ies are between 90 and 300 цт  and we varied 
the ratio between the length and the diameter 
from 50 to 100. The individual capillary was 
fixed into an A1 holder (see Fig. 2.). Thus, the 
capillary is stabilized and it can be used for 
our forthcoming experiments. We note, that 
avoiding the macroscopic charge-up during the 
transmission measurements, the capillary ends 
were covered by graphite.

Figure 2. Photo of the fixed single glass capillary. 
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8.13 H igh  p erform an ce com pu ter co d e  for m olecu lar d yn am ics sim ulations

Molecular Dynamics (MD) simulation is a 
widely used technique for modeling compli
cated physical phenomena. Since 2005 we are 
developing a MD simulations code for PC com
puters [1]. The computer code is written in 
C ++  object oriented programming language. 
The aim of our work is twofold: a) to develop 
a fast computer code for the study of random 
walk of guest atoms in Be crystal, b) 3 dimen
sional (3D) visualization of the particles mo
tion. In this case we mimic the motion of the 
guest atoms in the crystal (diffusion-type mo
tion), and the motion of atoms in the crystal- 
lattice (crystal deformation).

Nowadays, it is common to use Graph
ics Devices in intensive computational prob
lems. There are several ways to use this ex
treme processing performance, but never be
fore was so easy to programming these devices 
as now. The CUDA (Compute Unified Device) 
Architecture introduced by nVidia Corporation 
in 2007 is a very useful for every processor- 
hungry application. A Unified-architecture 
GPU include 96-128, or more stream proces
sors, so the raw calculation performance is 
576(!) GFLOPS. It is ten  times faster, than 
the fastest dual Core CPU [Fig.l].

Our improved MD simulation software uses 
this new technology, which speed up our soft
ware and the code run 10 times faster in the 
critical calculation code segment. Although 
the GPU is a very powerful tool, it has a

strongly paralleled structure. It means, that 
we have to create an algorithm, which works on 
several processors without deadlock. Our code 
currently uses 256 threads, shared and con
stant on-chip memory, instead of global mem
ory, which is 100 times slower than others. It 
is possible to implement the total algorithm on 
GPU, therefore we do not need to download 
and upload the data in every iteration. On be
half of maximal throughput, every thread run 
with the same instructions.

GFLOPS

Figure 1. Calculation performance differences be
tween GPUs and CPUs.
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