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Preface

In a considerably changed outside environment the research activity of the
Institute in 1991 remained on the same track as in the previous years, and the
versatility of our activity remained too. The year 1991 has brought several admin-
istrative changes in the Institute. The most apparent ones may be the change of
the director and deputy directors and some of the section leaders at the beginning
of the year. Our research activities seem to survive the changes.

In this introduction | would like to tuch upon the most important develop-
ments of the year and give some information about the Institute in general. Further
general information can be found in the first section of the Annual Report; it gives
some insight into the organisation, personnel and finance of the Institute.

The title of the section on nuclear physics has been changed to nuclear
and particle physics this year. Well, the change might seem a little premature
considering that there is only one contribution in particle physics, but the change of
the title indicates our intention to encourage growth in this field. The main branch
of our experimental nuclear physics research is “in beam” nuclear spectroscopy,
and in 1991 a wealth of new results has been produced for the f668Ga, 7274As
uéSn and 42,IH.nsgb isotopes. Studies of nuclear reactions at low energies have
been going on with some shift towards reactions of astrophysical interest, which
are anticipated to be important in the future. The application and refinement
of the cluster model of light nuclei remains a healthy and vigorous project of our
nuclear theorists. Their widespread interest, however, ranges from supersymmetric
guantum mechanics to the problems of a decay of heavy nuclei.

In our atomic collision physics research the study of the electron capture
and electron loss cusps was a dominating line. The observed and unexplained
discrepancy between the velocity of the projectile and that of the cusp electrons
lost to the continuum of the projectile caused some excitement, and initiated
further studies. The classical trajectory Monte Carlo calculations of ion-atom
collisions gained some momentum, and the theoretical description of single and
double ionization of H2 by protons kept some of our atomic physicists busy during
the year.

Biological and medical research in an institute for nuclear physics might
seem strange at first, but the application of nuclear and atomic physics in med-
ical and biological reasearch has a long tradition in the Institute. This line of
research was given even more emphasis in the past years. The establishment of
our cyclotron laboratory — the only one in Hungary — made the Institute the
centre of nuclear medicine in Hungary. The neutron irradiation of living cells and
isotope production for practical purposes continue to be important services in the
Institute. The impact of environmental radioactivity and heavy element pollution
on human health has been investigated with the use of analytical and detection
methods aviable in the Institute.

M aterials science and analysis is gaining strength in the Institute. Apart
from the genuine solid state physics research in superconductivity and Si(Li)
detector materials, our works on materials science and analysis originate from
nuclear and atomic physics. Wear measurements with the use of radioactive
isotopes and PIXE and PIGE applications are the most obvious examples. The
application of X-ray and electron spectroscopy in material analysis continued to
be the main line of our research activity in this field.



Environmental research is certainly the issue of the end of this century,
and Hungary is no exception in this respect. Physics and, more specifically,
analytical methods using results in atomic and nuclear physics will have a growing
share in environmental monitoring and even in the solution of some acute problems.
This line of research is not new in the Institute and we are well prepared to
take up work in certain type of environmental monitoring. The measurement of
radon concentration in natural caves and in some less traditional places of human
residence, like apartment houses, seems to interest both our scientists and our
cooperating partners. Mass spectroscopy contributes significantly to the solution
problems in earth sciences and, more specifically, to the solution of problems in
geocronology and hydrology. The investigation of air pollution and aerosol transfer
is believed to be very important for environmental research, and our PIXE and
XRFA are adequate tools for such analyses.

The development of methods and instruments is a prerequisite of effi-
cient experimental physics research. Our development activity focusses primarily
on detectors and data acquisition systems. The design and construction of special
electron spectrometers are undoubtedly the most important of our development
activity, and 1991 brought to fife our new UV photoelectron spectrometer. The de-
velopment of ion sources is a new field in the Institute, and, considering our plans
on a heavy-ion facility (see below), it is hopefully a growing one. Next to detector
development on the priority list of our technical physicists is data aquisition, and
1991 brought promising new results in digital data processing.

To say something about our educational activity, the first year of our Joint
Physics Department with Lajos Kossuth University brought to life a course on
the Physics of the Environment, the importance of which is self-evident. Several
diploma works and doctoral theses were completed in 1991 and, generally, the
educational work of the Institute is increasing.

My report on the progress in 1991 is not complete without mentioning our
plans for the future. We have two main development objects: a Positron Emis-
sion Tomograph (PET) laboratory and a heavy-ion facility based on an Electron
Cyclotron Resonance (ECR) ion source. The general state of Hungarian economy
might cause some delays in these developments, but the promising direction of
changes keeps our hopes high and our plans ready.

In 1991 a decisive step was made towards the reunification of university ed-
ucation in Debrecen. Back in the early fifties, similarly to other universities in
Hungary, the University of Debrecen was split into three independent educational
institutions, and later the College of Agriculture was also granted the rank of
university. Now these educational institutions and our Institute signed and asso-
ciation treaty and declared the foundation of the University of Debrecen. This
is the first full-fledged university in Hungary, and our hopes are high again that,
after our good start, this new structure will help in the economical use of resources
in research and education.

Debrecen, February 28, 1992
azsef Palinkas
Director
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Personnel

The Institute at present employs a total of 244 persons. The affiliation of
personnel to unists of organisation and the composition of personnel are given
below.

Accounting (4%

Div. of Nuclear Physics (16%) Basic Services and Meaintenance (16%9

Informetion Services (799
Dv. of Atomic Physics (9%9 Secretariat (1%

Mechanical Workshop (9%)
Div. of Applied Physics (1299

Department of Electronics (9%
Dv. of Technical Physics (12%) Cyclotron Departrment (5%)

Affiliation of Personnel to Units of Organisation

Postdoctoral Flows (4% Research Associates (16%)
Research Assistants kK PhD Students

. Senior Research Associates (11%9
Engineers

Research Professors (2%

Gereral Service Personnel (10%)

Technicians K Laboratory Assistants (32%0) Administrators (10%)

Composition of Personnel



Finance

The total budget of the Intstitue in 1991 was 148 Million Hungarian Forints.
The composition of the budget and the breakdown of expenditure according to
different categories are given below.

Basic Funding (from MTA) (66%) \

Proiect Funding
(from Contract Research) (19%)
Project Funding (from OTKA OVFB etc.) (14%)

Composition of the Institute’s Budget
MTA: Hungarian Academy of Sciences
O TKA: National Fund for Scientific Research
OMFB: National Committee for Technological Development

Personnel Expenditure (58%) ~

— Non-Personnel Expenditures (42%)

Breakdown of Expenditure
into Personnel and Non-Personnel Expenditures

V.
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Isotopic Dependence of Electron Screening
in Fusion Reactions

S.Engstler * G.Raimann * C.Angulo * U.Greife * C. Rolfs *
U.Schréder * E.Somorjai, B.Kirch * and K.Langanke “

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

“ Institut for Theoretische Physik, Universitdat Minster, Germany

The fusion reactions 6Li(p, 0 )3He, 6Li(d,a)4He and 'Li(p,a)*He have been stud-
ied over the c.m. energy range E— 10 to 1450 keV. Each reaction involved the use
of hydrogen projectiles and LiF solid targets as well as Li projectiles and hydrogen
molecular gas targets.

In all cases the effects of electron screening on the low-energy fusion cross sections
(exponential enhancement) have been observed. The effect for 6Li + p is shown in
Fig. 1. together with the literature values [1, 2, 3].

The screening effects are somewhat stronger in the case of atomic p or d projec-
tiles compared to the case of molecular if2 or Di gas targets. If isotopic effects on
electron screening are negligible, all three reactions should exhibit the same en-
hancements for each set of experimental techniques. The measurements confirmed
this expectation to a large extent.1

References

1 W. Gemeinhardt. D. Kamke and Chr.von Rhoneck, Z. Phys. 197 (1966) 58
2. O. Fiedler and R. Kunze, Nuci. Phys. A96 (1967) 513
3. J. F. Harmon, Nucl. Instr. Meth. 40/41 (1989) 507

1 Accepted for publication in Z. Phys.



S. Engstier et al.

Fig. 1. Enhancement caused by electron screening for 6Li + p with gas (a) and solid
target (b).



Lifetime Measurements in 2Z8Si

Zs. Fiilép, A.Z. Kiss, E. Somorjai

P. Tikkanen * J. Keinonen *and A. Kangasmaki *

*Accelerator Laboratory, Department of Physics, University of Helsinki,
SF-00170 Helsinki, Finland

Although 28Si is one of the most intensively studied nucleus in the sd-shell region
yet many ambiguities are found among its level parameters, especially among the
lifetimes of excited states. The aim of the present work is to determine reliable and
consistent lifetimes for this nucleus applying an improved Doppler shift attenuation
(DSA) method we have already used for many nuclei of the sd-shell (see e.g. ref.

1M)-
b The 2sSi states were excited in the reactions 27A/(p,7)285r and
1AN (160,pn)2SSi. The latter reaction carried out using 17 to 28 MeV 160 beams
supplied by the 5MV tandem accelerator at the Helsinki University is the first
study on short lifetimes for the higher excited states using heavy ions and high
recoil velocities. The capture reaction served for lifetime determinations of lower
lying bound states excited by the Ep = 655, 767, 992 and 1317 keV resonances
having recently determined accurate gamma-ray branchings [2].

During the measurements implanted 14N and 27Al targets in Ta were used.
In the case of the capture reaction targets implanted in Si were also used in order
to get more accurate values of the longer (r > 200/s) lifetimes. For the lifetime
determination the stopping powers for both stopping materials were measured ex-
perimentally and the gamma-lineshapes were simulated using the Monte Carlo
method. The final determination of the lifetimes and the comparison of the ex-
perimentally deduced transition strengths with shell model calculations based on
large-basis multi-shell wave functions is in progress.

References

1. P. Tikkanen, J. Keiononen, A. Kangasméki, Zs. Fulép, A. Z. Kiss, E. Somorjai,
Phys. Rev. C4A (1991) 2162

2. P. M. Endt, C. Alderliesten, F. Zijderhand, A. A. Wolters and A. G. M. Van Hees,
Nuci. Phys. A510 (1990) 209-243



Spectroscopy of 3SAr via the 345(a,7)
Reaction

Zs. Filop, A. Z Kiss, E. Koltay, E. Somorjai,

J.Keinonen * P. Tikkanen *

*Accelerator Laboratory, Department of Physics, University of Helsinki,
SF-00170 Helsinki, Finland

As a part of our study of «-capture reactions on Sulphur targets excitation curves
of the 34S(o, 7)38Ar reaction have been measured over the energy range Ea =
3.4 —4.4MeV. A part of the excitation function is shown on Fig. 1. Five new
resonances (at energies Ea = 3.799,3.853,3.920,3.968, 4.008MeV corresponding to
excited states of 38Ar at Ex =10.61, 10.66, 10.72, 10.76, 10.79 MeV, respectively)
have been found. Thanks to the lower background provided by the 100% enriched
(implanted) target some resonances attributed earlier to the 32S contamination of
the target [1] proved to be resonances of the investigated reaction.

The study of the decay schemes, resonance strengths, spin-parity values of the
new resonances and the reinvestigation of decays for the known ones [2] is under
course.

References

1. A. Chevallier, E. Bozek, J. Chevallier, A. Pape and R. Armbruster, Nucl. Phys
A191 (1972) 201-208
2. P. M. Endt and C. van der Leun A521 (1990) 1



Zs. Fulop, A. Z Kiss, E. Koltay, E. Somorjai, J.Keinonen, P. Tikkanen
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Fig. 1. Yield curve for the reaction 345(a,7)38/1r obtained for energy window
7-6 —H.bMeV. The new resonances are marked by asterisk.



Slowing Down of Light lons in LR—115
Nuclear Track Material

Zs. Fulop, A.Z. Kiss, 1. Hunyadi,

E. Rauhala *and J. Raisédnen *

* Accelerator Laboratory, Department of Physics, University of Helsinki,
SF-00170 Helsinki, Finland

Our earlier programme to measure stopping powers of different kind of foils for
light ions ranging from protons to Oxygen as a part of a collaboration with the
Accelerator Laboratory of the University of Helsinki has been continued during
this year.

The latest results are in the experimental studies of the slowing down of 'd,
49 e, 7Li, nB, 12C, 14N and 160 ions in LR-115 type Il cellulose nitrate nuclear
track etch material in the ion energy range 0.3 —4.3MeVjamu. The object of the
present study is to provide experimental stopping power data for a number of light
ions in the nuclear track detector material mentioned above and to compare these
data to the predictions of two recent semiempirical models (Ziegler, 1980 [1] and
TRIM-91 [2]) for calculating the stopping powers.

The 1H and 4He beams were obtained from the 2.5 MV Van de Graaff ac-
celerator of the Helsinki University and from the 5MV Van de Graaff accelerator
(energies < 5MeV) and from the MGC-20 cyclotron (energies > bMeV) at our
institute. The 7Li, 11B, 12C, 14N and 160 ion beams were supplied by the 5 MV
tandem accelerator EGP-10-11 of the Accelerator Laboratory of the University of
Helsinki. The experimental arrangement used in the energy loss measurements
performed at our institute was similar to the one described in detail in our earlier
study [3], while the experimentell setup used in the measurements at the Helsinki
University is described in ref. [4].

As an example Fig. 1. shows stopping powers of the LR-115 material for 1H
and 4He ions in comparison with stopping powers calculated by the code TRIM -
91. For the stopping power data (including also experimental results for heavier
ions than He) an absolute uncertainty of £3% is assigned. From the comparisons
of the data with semiempirical stopping power predictions based on the TRIM-
91 computer code and semiempirical curves calculated by the Ziegler parameters
[1] we have concluded that the predictions underestimate the observed stopping
powers for 7Li, 11B and 12C ions. The deviations are below 10 % [5].



Zs. Fulop, A.Z. Kiss, I. Hunyadi, E. Rauhala and J. Réisanen

Energy (MeV/amu)

Fig. 1. Stopping powers of LR-115 for IB and 4He ions. The curves represent the
stopping power as predicted by TRIM-91.
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Spectroscopic study of the 66Zn(p,n7)66Ga
reaction

J. Timar, T. X. Quang, A. Krasznahorkay, J. Kumpulainen t

and R. Julin t
fUniversity of Jyvaskyla, Department of Physics, SF-40100 Jyvaskyld, Finland

7-ray, internal conversion electron (fig. 1) and 77-coincidence spectra (fig. 2)
from the 66Zn(p,n7)66Ga reaction were measured with Ge(HP) 7-ray and magnetic
lens plus Si(Li) electron spectrometers between 6.5 and 7.1 MeV bombarding pro-
ton energies. Energies and relative intensities of 130 7 transitions of the 66Ga
nucleus have been determined. Internal conversion coefficients of >30 transitions
have been deduced for the first time enabling determination of many new 7-ray
multipolarities and unambiguous parity assignments for the levels below 800 keV.

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

Fig. 1. Typical 7-ray and internal conversion electron spectra from the 66Zn(p,n7)66Ga
reaction.



2 J. Timar

Fig. 2. Typical 77 coincidence spectra of 66Ga. S, R and X denote summa and random
coincidences and X-rays, respectively.



Level scheme of 68Ga from (p,iry) reaction

J. Timar, T. Xx. Quang, T. Fényes, Zs. Dombradi,

A. Krasznahorkay, J. Kumpulainen t and R. Julin 1
fUniversity of Jyvéskyld, Department of Physics, SF-40100 Jyvaskyl&, Finland

On the basis of detailed 7 and internal conversion electron spectroscopic in-
vestigations via 68Zn(p,n7)68Ga reaction [1], a new, more complete level scheme
of 68Ga was deduced (fig. 1 and 2).

Fig. 1- Low-energy part of the proposed level scheme of 66Ga from the 68Zn(p,n7) Ga
reaction.

10



2 J. Timar ...

Spin and parity values have been deduced from internal conversion coefficients
of transitions, Hauser-Feshbach analysis of (p.n-y) reaction cross sections and other
arguments. The energy splitting of the different p-n multiplets has been calculated
on the basis of the parabolic rule. Several p-n multiplet states have been identified.
This work was supported partly by the National Scientific Foundation /OTKA/.

Fig. 2. High-energy part of the b8Ga level scheme from (p,M7) reaction.

Reference

1 J. Timér, T. X. Quang, A. Krasznahorkay, T. Fényes, J. Kumpulainen and R.
Julin, ATOMKI Ann. Rep. 1990, p.12.
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Structure of 68Ga from (0,117) reaction
J. Timar, T. X. Quang, T. Fényes, Zs. Dombradi,
A. Krasznahorkay and V. Paar t

fPrirodoslovno-matematicki fakultét, University of Zagreb, 41000 Zagreb, Croatia

On the basis of detailed in-beam spectroscopic study of 88Ga [1] a new, more
complete level scheme (fig. 1 and 2) was deduced from 65Cu(a,n7)68Ga reaction.
The energy spectrum and electromagnetic moments were calculated on the basis
of the interacting boson-fermion-fermion/ truncated quadrupole phonon model for
odd-odd nuclei.

Fig. 1. Low-energy part of the proposed level scheme of 68Ga from (a,n7) reaction.

Reference
1. J. Timér, T. X. Quang and A. Krasznahorkay, ATOMKI Ann. Rep. 1990 p.10.
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r U r 67.63 min
AP ¢.My; 68- FROM (a.ny)
Y 31b a 37 Yy

Fig. 2. High-energy part of the 68Ga level scheme from (a,n7) reaction.
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Spectroscopic study of 72As from
(p,M7) and (a,n7) reaction

D.Sohler, T.C.Quang, A.Algora and Z.Gacsi

The level scheme of 72As has been studied through 72Ge(p,n7)72As and
69G a(a,n7)72As reactions. The gamma-ray spectra (fig.l. and fig.2.) were mea-
sured at Ep=5.76, 6.01, 6.41 MeV and Ea=14.17 MeV bombarding particle
energies with Ge(HP) and LEPS spectrometers. The targets were prepared by
an evaporation technique from isotopically enriched (to 98.2%) 72Ge and 69Ga
(99%). For the sake of reliable gamma-ray identification we have also studied the
(p,M7) reaction on 73,74,76Ge enriched targets.

Fig. 1. Typical gamma-ray spectra of 72Ge(p,n7)72As reaction.

The energies and relative intensities have been determined for >100 gamma
transitions of 72As, more than 20% of these transitions have not been observed
before [1-3].

This work was supported partly by the National Scientific Research Founda-
tion (OTKA).
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Fig. 2. Typical gamma-ray spectra of 69Ga(a,n7)72As reaction.

References
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C. Kohan, Nuci. Phys. A260 109 (1976).
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Spectroscopic Study of 74As from
714G e(p,n7)74As and 71Ga(a,n7)74As
Reaction

A.Algora, T.X.Quang, D.Sohler and Z.Gé&csi

The level structure of 74As was studied up to 1300 keV excitation energy
using 4.0, 4.2, 4.7 MeV proton and 14.5 MeV alpha beam energies. Gamma-ray
singles (fig.l and fig.2) and gamma-gamma coincidence spectra were measured
with Ge(HP) and low-energy photon spectrometers (LEPS).

Fig.l. Typical gamma-ray spectrum of 74Ge(p,n7)'4As reaction.

The targets were prepared by evaporating isotopically enriched GeC>2 (99.1%)
and Ga (99.6%) onto a thin carbon backing. For the sake of reliable 7-ray identi-
fication we have also studied the same reactions on 72,73,76Ge isotopes.

Energies and relative intensities have been determined for > 100 gamma tran-
sitions. More than 30 % of these transitions have not been observed before [1-4].

This work was supported partly by The National Scientific Research Founda-
tion (OTKA).
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Fig. 2. Typical gamma-ray spectrum of 71Ga(a,n7)74As reaction.

References

[

Kikuo Kimura, Nuci. Phys. A21S (1973) 61
B. Lai, Y. K. Agarwal, C. V. K. Baba, S. M. Bharathi and S. K. Bhattacherjee,

Pramana 6 (1976) 209
G. Garcia Bermudez, M. Behar, A. Filevich, M. A. J. Mariscotti, Phys. Rev. C 14
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Study of 112Sb from (p,l17) reaction

J. Gulyas, J. Kumpulainen t and R. Julin t
AUniversity of Jyvaskyla, Department of Physics, Finland

Gamma-ray spectra ofthe 112Sn(p,n7)112Sb reaction were measured at Ep=8.7
and 9.2 MeV proton energy using Ge(HP) detectors and enriched targets (Fig. 1).
Internal conversion electron spectra (with intermediate image lens electron spec-
trometer) and 77-coincidence spectra were also measured. Detailed spectroscopic
study for the determination of spins, parities and other characteristics of the levels
are in progress. Previous data on 112Sb were summarized in [1].

This work was supported partly by the National Scientific Research Founda-
tion /OTKA/.

Figl. Part of a typical 7-spectrum. Energies of the strongest 112Sb 7-rays are indicated.
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Spectroscopy of 114Sb from (p,n7) reaction

Z. Gacsi

As a continuation of the study of Z=51 odd-odd nuclei [1,2], the 7-ray and in-
terned conversion electron spectra of the 114Sn(p,n7)114Sb reaction were measured
at Ep=8.2 MeV bombarding proton energies with Ge(HP) (2 keV resolution at
1333 keV), Ge(HP,LEPS) (1.9 keV resolution at 1333 keV). and superconducting
magnetic transporter plus Si(Li) electron spectrometers. The spectrometers were
calibrated with 133Ba and 152Eu sources. In order to improve the accuracy ofenergy
determination, gamma rays from these sources together with those of n4Sb were
also measured simultaneously. Self-supporting targets of 0.5-3.0-mg/cm23thickness
were prepared by an evaporation technique from isotopically enriched (to 70.0 %)
114Sn. For the sake of reliable 7-ray identification, we also studied (p,n) reaction at
the same energy on different tin isotopes. The 77-coincidence data were acquired
in a two-dimensional mode at Ep=8.2 MeV, with fixed r—50 ns resolving time. The
20% and 25% detectors were placed at 125° and 235° angles to the beam direc-
tion. Approximately 40 million 77-coincidence events were recorded on magnetic
tapes in event-by-event mode for subsequent analysis. Typical 77-coincidence gate
spectra are shown in Fig. 1. Angular distribution of 7 rays were also measured at
8.2 MeV bombarding proton energy at different angles with respect to the beam
direction from &iab=35° to 90° varied in 5° steps.

The results of the present experimental studies can be summarized as follows.

For approximately 60 7 transitions assigned to 114Sh, accurate E7 and 17 values
have been given, compared with 27 previously known gamma rays [3]. Experimen-
tal internal conversion coefficients have been determined for about 20 transitions,
18 of them are obtained for the first time. A more complete level scheme has been
constructed incorporating more than 50 transitions among more than 25 levels, 20
of which have not been found before.

This work was supported partly by the National Scientific Research Founda-
tion (OTKA).
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COUNTS

Fig. 1. Typical 77-coincidence gate spectra. The background was subtracted. R denotes
random coincidences.
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New levels in 116Sn

Z. GAcsi

The nuclear excited states in 116Sn have been extensively studied [1]. The most
recent and complete work [2] finds 100 levels below 4.3 MeV in 1155n(n,7) and
116Sn(n,n’7) reactions. Nevertheless, it is striking to find that among the wealth of
methods employed, the exploration of the radioactive decays of the (Z=51) 116Sb
nucleus is still far from complete and accurate. These decays were last studied
about two decades ago using semiconductor detectors with rather good resolution,
but the results axe available only as internal reports.

This contribution presents briefly the results obtained in Debrecen utilizing
the 60-min 116Sb (R+e) decay. The 8_, 60-min excited mother state was populated
via bombarding 113In (enriched) target with 16 MeV a beams of the Debrecen cy-
clotron. Singles and 77-coincidence spectra were recorded using Ge(HP) detectors
of 1.8-2.0-keV/1333 keV resolution. Accurate energy values (~10 ppm), intensi-
ties, and coincidence relations were determined and a more complete level scheme
has been constructed. The overall agreement with previous studies is good, but
the current work establishes levels at 2909, 3228, and 3986 keV excitation energies
not found in decay studies before. The level at 3986 keV has not been observed in
any other work yet. The reason for others to miss this level may be quite simple.
This new level can have a spin and parity of 7~, 8~, and 9~, thus will not be
excited in (n,7) or (n,n’7) reactions, furthermore, heavy ions and more energetic
light ions capable of exciting higher-spin states tend to populate states with more
collective structure, while in decay, probably states with dominating single particle
components are preferably excited.

This work was supported partly by the National Scientific Research Founda-
tion (OTKA).
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Proton-neutron multiplets in 118Sb

J. Gulyas, M. Fayez F. M. Hassan, T. Fenyes, and
Zs. Dombradi

On the basis of complex 7 and internal conversion electron spectroscopic study
of the 118Sn(p,n7)118Sb reaction new level scheme of 118Sb has been deduced
(Fig. 1). Former results were summarized in [1].
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Fig-1. The low-energy part of the proposed level scheme of ntsSb nucleus from the

Sn(p,n7)lleSb reaction. Solid circles at the ends of arrows indicate 77-coincidence
relations. After the energies of the transitions multipolarities and relative 7-ray intensities
(branching ratios) are given.

Level spins and parities have been determined on the basis of Hauser-Feshbach
analysis, internal conversion coefficients, and 7-ray angular distribution data.
Fig. 2 shows the comparison of calculated and experimental excitation cross sec-
tions for different levels.
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The energies of several 118Sb proton-neutron multiplet states were calculated
on the basis of the parabolic rule [2]. Many members of the #d5/2i/Si/2, 7rd5/27d3/2,
ads/2xzhjxjii *&12VSi;2 and 7 7/2*73/2 proton-neutron multiplets

have been identified.

Fig. 2. Experimental relative cross sections (cflev) of the lieSn(p,n7)nsSb reaction
(dots with error bars) as a function of the excitation energy (Elev)- The solid lines
show results of Hauser-Feshbach calculations. The normalization of experimental and
theoretical data was done on the average of two 2+ points indicated by N.

This work was supported partly by the National Scientific Research Founda-
tion /OTKA/J.

1 T. Tamura, K. Miyano and S. Ohya, Nucl. Data Sheets 51 (1987) 329.
2. V. Paar, Nuci. Phys., A331 (1979) 16.
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Structure of low-lying levels of 118Sb nucleus

J. Gulyés, M. Fayez F. M. Hassan, T. Fényes, Zs. Dombradi,

J. Kumpulainen t and R. Julin t

AUniversity of Jyvaskyld, Department of Physics, Finland

7-ray and internal conversion electron spectra of the 115In(e,n7)118Sb reaction
were measured at Ea = 14.5 MeV bombarding o-particle energy (in Debrecen).
Gamma gamma coincidence measurement was also carried out from the same re-
action (in Jyvaskyld). The energies and relative intensities of more than 150 U8Sh
gamma-rays (including about 100 new ones), as well as internal conversion coef-
ficients of many 118Sb transitions have been determined. New level scheme (com-
plementing the previous one [1] and our (p,n) [2] data), as well as multipolarities
of transitions and gamma-ray branching ratios have been deduced (Fig. 1).

The level energy spectrum and electromagnetic properties were calculated in
the framework of the interacting boson-fermion-fermion model (IBFFM) and sat-
isfactory agreement between experimental and theoretical results have been ob-
tained.

This work was supported partly by the National Scientific Research Founda-
tion /OTKA/.
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Fig. 1. The low-energy low-spin part of the level scheme of 1185b nucleus deduced from
UsIn(o,n7)n8Shb reaction. Solid circles indicate 77-coincidence relations. Multipolarities
and 7-ray branching ratios are also given (after 7-ray energies).
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Low energy optical potential for 118Sn

L. Zolnai, M. J6zsa, Z. Maté

The anomalous behaviour of the optical potential in the neighbourhood of the
Coulomb barrier was shown for p+ U6Sn and p + 120Sn elastic scattering [1,2]. The
real depth of the proton optical potential increased more rapidly than the well
known global optical potential fits (Perey, Becchetti-Greenlees) predicted as the
center-of-mass energy came closer to the Coulomb barrier.

Elastically scattered proton angular distribution measurements have been con-
tinuing on n8Sn nucleus in the same way as it was presented for 1i4-122 124Sn nuclei
[3]. From the optical model analysis of the experimentally measured angular dis-
tributions the volume integral per nucleon number of the real part of the optical
potential has been derived. Fig. 1. shows the results for the 118Sn nucleus. The
solid line represents the volume integral based on the microscopic optical potential
calculus introduced by Jeukenne, Lejeune and Mahaux (JLM potential) [4].

EplMeV)

Fig.l. The energy dependence of the real part of the volume integral of the proton
optical potential for 118Sn. The experimental values were obtained from optical model
analysis with the Perey and Becchetti-Greenlees geometry
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Evidence for Core Polarization Interaction
in Odd-Odd In Nuclei

Zs. Dombradi, S. Brant “and V. Paar a

“Prirodoslovno-Matematicki Fakultét, University of Zagreb,
41000 Zagreb, Croatia

The presence of a core-polarization interaction was searched for in the strongly
deformed and in the doubly magic regions by analysing the empirical matrix el-
ements of the effective interaction [1-4]. In the deformed region the presence of
an additional quadrupole-quadrupole interaction was excluded [1], while in the
doubly magic region its existence is doubtful [3,4].

Recently the structure of the odd-odd 106-114In nuclei was investigated
through (p,n7) and (a,l7) reactions in a Debrecen-Jyvéskyle-Zagreb collabora-
tion. On the basis of the spin values, electromagnetic properties and spectroscopic
factors we assigned more than 100 states to proton-neutron multiplets in 106- 116In
nuclei.

The large amount of recent experimental data provided a new possibility to
extend the search for the core-polarization interaction in the single closed shell
region, too. We have accepted those multiplets of the above nuclei, which contain
more than three known members, as the experimental basis of the analysis.

We used two methods to study the multipole structure of the effective in-
teraction: for the complete multiplets we deduced the multipole coefficients of
the interaction directly from the experimented multiplet energies, while for all the
multiplets we fitted a dipole-plus-quadrupole interaction to the experimental data.

From the multipole analysis of the 7Tg“2i/d5/2 multiplet of 106- 110In, the

Ng§9/2u&7/2 multiplet of 112In and the xg-~j2vdz/2 multiplet of 116ln the g2 =
3.17T0.76 value was obtained for the Quadrupole component. The same multipole
analysis on the proton-neutron multiplets of the doubly magic region resulted in
g2 = 1.93 £ 0.2 value.

The strength of the dipole and quadrupole interactions was fitted to the split-
ting of the proton-neutron multiplets of odd-odd In nuclei. The obtained aver-
age quadrupole-quadrupole interaction strength was independent of whether the
strength of the dipole component was treated as a free parameter or was fixed to
some reasonable value.

The B2 = 3.31 + 0.88 value obtained this way is highly consistent with the
one obtained from the full multipole analysis (3.17 £ 0.76 ) and is much stronger
than the value characteristic for the doubly magic nuclei (1.93+0.2). Although the
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multipole coefficients of the empirical matrix elements determined from the doubly
magic region also deviate somewhat from the delta interaction, there remains a
significant difference (« 75%) between the quadrupole components of the empirical
effective interactions determined in the doubly and single closed shell regions.

If we assume that the effective delta interaction approximation is a reasonable
universal interaction, then the large strength of the quadrupole component of
the empirical interaction found in the odd-odd In nuclei can be interpreted as an
indication of the presence of an additional quadrupole-quadrupole interaction with
Vgq = —0.35 £ 0.16 MeV strength.

The strength of this additional quadrupole-quadrupole interaction can be com-
pared with the value of the core-polarization interaction strength estimated on the
basis of the particle-vibration theory. Using the parameters of the tin cores this
value is vepi = —0.32 £0.06 MeV, Which is in a good agreement with the strength
of the experimentally found quadrupole-quadrupole interaction.

Ifthe change of the effective interaction is really caused by the core polarization
process, then also an increase of the effective charges is expected. To search for
the presence of this effect, the effective charge (etj/) of the neutron was fitted
to the electric quadrupole moments of some 106- 116In states within the frame of
the quasiparticle model, keeping the proton effective charge as eeff + 1. The 3.8e
effective charge obtained contains « 0.5e contribution from the high energy core
polarization, the average neutron charge in the odd-odd In nuclei is 3.3 £ 1.Oe.

The value of the polarization charge estimated on the basis of particle- vibra-
tion theory is Cp0i = 4.4 £ 0.9e approximating < R2" with its constant density
value. This effective charge is in a reasonable agreement with the one determined
from the quadrupole moments.

From the analysis of the experimental data on proton neutron multiplet states
the nearly doubling of the quadrupole-quadrupole interaction strength, as well as a
strong increase of the effective charges was deduced. The good agreement with the
theoretical estimate of both quantities indicates that the additional quadrupole-
quadrupole interaction found, corresponds to the core polarization interaction.
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Single Nucleon Transfer Spectroscopy of
Odd-Odd Sb Nuclei

Zs. Dombradi, S. Brant a and V. Paar °

“PrirodoslovnoMatematicki Fakultét, University of Zagreb,
41000 Zagreb, Croatia

The low-lying levels of 120422,i24gk were investigated through (d,p), (d,t) and
(p,d) reactions [1-3]. Although the determined single nucleon transfer spectroscopic
factors are sensitive to the details of the nuclear wave functions, their theoretical
interpretation was missing. In the present work we have calculated the level en-
ergies and spectroscopic factors for the low-lying states of 120-122424Sb within the
framework of the interacting boson-fermion-fermion model (IBFFM).

The calculated and measured spectroscopic factors agree in most cases within
a factor of two. The 120Sb spectroscopic factors fit well for all states, suggesting
that the calculated wave functions are good approximations to the real ones.

The IBFFM and experimental spectroscopic factors are compared in Table 1.
for single nucleon transfer reactions leading to 122Shb. In the case of the pick up
reactions not the theoretical spectroscopic factors are given in the table, instead
they are divided by 2jtarget + 1 according to the convention of the experimental
papers.

In the case of 3 and 3* states of 122Sb, the deviation of the calculated and
measured spectroscopic factors suggest that the calculated wave function differs
somewhat from the real one. The large difference between the calculated and mea-
sured spectroscopic factors for the 283 and 311 keV 12Sb levels may have exper-
imental origin, because the experimental spectroscopic factors are well above the
sum rule limit. Even if we assume that the 283 keV peak is doublet, containing
the 8~ member of the irds™zdin™ multiplet predicted at about this energy, the
experimental spectroscopic factor remains too large.

In the case of 124Sb, there is a general agreement between the calculated
and experimental data. A detailed comparision cannot be given due to the poor
resolution in the (d,p) experiment.
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Fig. 1. Comparision of measured and calculated in IBBFM spectroscopic factors for the
one-neutron transfer reactions leading to 12Sb. The experimental are taken from refs.
[2,3]. In the IBFFM parts also the experimental energies are used.
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Effect of Collectivity on the Splitting
of Proton-Neutron Multiplets

Zs. Dombradi, S. Brant “and V. Paar a

“Prirodoslovno-Matematicki Fakultét, University of Zagreb,
41000 Zagreb, Croatia

Systematic studies of the doubly magic region show that the empirical proton-
neutron interaction matrix elements lie on two universal curves, causing a signif-
icant odd-J even-J staggering in the energy splitting of the p-n multiplets as a
function of J, the spin of the multiplet states. On the other hand, in the single
closed shell (SCS) region the splitting of many p-n multiplets can be approximated
with smooth parabolas.

The main difference between the two regions is the appearance of the surface
vibration modes in the SCS nuclei. The particle vibration coupling leads to a
guadrupole-quadrupole core polarization interaction. The simple summation of
the polarization and the delta interactions really leads to some smoothing of the
splitting, but cannot cancel the staggering feature of the short range interaction.

To search for the reason of the smoothing we performed calculations both in
the frame of interacting boson-fermion-fermion model (IBFFM) and quasiparticle
model. The difference between the IBFFM and its quasiparticle approximation,
leading to different splitting, lies in the structure of the wave functions. While the
IBFFM wave functions contain admixture from one, two, etc. d-boson components,
in the quasiparticle model the multiplets are pure in this sense.

The difference in wave functions implies some difference in the matrix element
of the effective interaction, namely, instead of the simple matrix element of the
quasiparticle approximation we obtain a weighted average of the matrix elements of
the of the effective interaction using the neighbouring multiplet states in IBFFM.
The weights axe determined by the dynamical interaction strength. In other words,
the explicit treatment of the d-boson components leads to an averaging procedure,
which is quite similar to a five point smoothing method.

The effect of the smoothing is shown in Fig. 1. In the calculations I,, = 0
was applied in order to avoid the disturbance of the polarization interaction. It
is seen that the multiplet gets smoother and smoother, and the large 1+ —2+
distance, characteristic for the delta interaction, is gradually decreasing. It is to
be mentioned that the splitting gets also weaker and weaker, while the average
interaction strength remains practically the same (not shown in the figure).

As the smoothing is caused by mixing of wave functions, it can be approxi-
mated by renormalizing the effective interaction. Our analysis shows that in order
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Fig.l. Calculated splitting of the ng9/2" 11/2 multiplet as a function J*(J 1) assuming
different proton dynamical interaction strength.

to precisely renormalize the effective interaction not only the quadrupole coeffi-
cient should be increased, but all of the multipole coefficients of the proton-neutron
interaction must be renormalized, which can be well approximated by the length-
ening its range. For the case of the boson-fermion dynamical interaction strengths
characteristic for In and Sb nuclei, a 2 fm gaussian interaction is a good estimation.

The deviation of the IBFFM and quasiparticle description is even more note-
worthy when the neutron occupation probability is around 0.5. In this case in
quasiparticle approximation the multiplet splitting is governed by the spin depen-
dent interactions, which talcing into account the smoothing effect lead to a linear
splitting. In the IBFFM the neutron exchange interaction also acts. Although
it works only for the d-boson states, the proton dynamical interaction admixes
also d-boson components to the wave function of the proton-neutron multiplets,
and makes effective the exchange interaction for multiplet-like states, too. In this
way the proton-boson dynamical and the neutron quasiparticle-boson exchange
interactions together produce an additional splitting of the multiplets. The energy
splitting produced is a fourth order polynomial as a function ofJ*(J-|-I)in
agreement with the experiment.
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Pole stucture of the resonance of 5He

A. Csotd, R. G. Lovas and A. T. Kruppat

Present address: Daresbury Laboratory, Warrington, UK

The | + resonance of 5He at the excitation energy of 16.8 MeV is one of the
most important resonances of nuclear physics owing to its overwhelming role in
the thermonuclear reaction t + d —» a 4-n, which is a key step in astrophysical
nucleosynthesis as well as in thermonuclear energy production.

The fact that this resonance produces an extremely strong transition is very
surprising because the partial waves that contribute can only couple via the rel-
atively weak tensor term of the nucleon-nucleon interaction. Recently, a phe-
nomenological fit to the scattering amplitudes has invoked an “exotic object”,
a so-called shadow pole [1], to reproduce the strong transition.

A resonance can generally be associated with a pole of the scattering matrix,
as a multivalued function of the complex energy, on the lower half of the non-
physical Riemann sheet adjacent to the physical sheet in the energy region of the
resonance. In n-channel problems to each resonance there correspond 2n~1—1
other poles on different non-physical Riemann sheets, and the shadow poles are
those located on Riemann sheets other than the one adjacent to the physical sheet
at the resonance energy. Because of the remoteness of the shadow poles, it had
been believed that they cannot have a significant effect. In nuclear physics this is
the first indication that the contribution of a shadow pole may be appreciable, and
there is just one more example in other branches of physics, namely, in particle
physics [3].

This two-pole structure of the resonance deprives the partial widths of their
probability meaning, and leaves one in doubt as to the relative weights of the a + n
and t+d components in the resonance. In fact, although in ref. [1] it was suggested
that the resonance is dominated by the a + n configuration, we have found that
it can be represented in a reaction satisfactorily by omitting the a + n component
[4], with which the shadow pole disappears.

The existence of the shadow pole is borne out by a phenomenological two-
channel model, in which the potentials were fitted to reproduce the experimental
scattering amplitudes [2]. We wished to see whether the interaction of the five
nucleons gives rise to the same pole structure.

We have performed dynamical microscopic calculations in our {a + n,t + d)
model. We go beyond our earlier model [4] in that we include the tensor (as well
as the spin-orbit) interaction so as to give rise to the coupling ofa + n and t + d
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Pole positions (in keV)

Ordinary pole Shadow pole
Ref. [1] 47-371 82-3.7ia)
Ref. [2] 47-37i 82-3.41
Present work 47-381 82-1.1i

a) The Riemann sheet differs from that obtained in the other works.

channels in the | + partial wave, and extend our model to complex energy. The
interaction has been chosen so as to reproduce the a + n and t + d scattering data
as well as the experimental t+ d — a + n reaction cross section [5]. Preliminary
results for the pole positions are given in the table above.

Our results give evidence for the existence of the shadow pole in the realistic
dynamical problem with parameters close to the phenomenologically extracted
values. However, in contrast with the statements made in refs. [1] and [2], we have
clearly demonstrated that the resonance is associated with the t + d channel. A
detailed study of the behaviour of the poles as functions of the parameters is in
progress.
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Triton+3He admixture in the ground state
of eLi

A. Csotd and R. G. Lovas

The a particle being a very rigid nuclear cluster, an a + p + n-type three-
cluster model is expected to provide a very good description of 6Li even at a
macroscopic level, which treats the a particle as structureless. The philosophy
of the macroscopic approach is this: find cluster-cluster interactions that describe
the two-body subsystems correctly and see whether they yield a realistic 6Li. Since
these models should be derivable from a microscopic framework [1] by state space
truncation, they should approximate the energy with respect to the three-body
breakup threshold from above (i.e. the model system should be underbound). The
quality of description can thus be characterized by the extent of underbinding.
In the most realistic models 6Li is underbound typically by 0.2-0.5 MeV [2]. Our
recent microscopic a + p-fn calculation [3], however, which is based on the same
philosophy, and treats the three-cluster dynamics with a similar accuracy, under-
estimates the binding by as much as 1 MeV. This contradicts the results of the
macroscopic models and suggests that there must be three-cluster effects ignored
by our model.

The most prominent three-cluster effect must be a rearrangement ofthe a+p+
n system into a <+ r (t =3He) configuration. We therefore extended our model [4]
by inclusion of such configurations and found a gain of 0.6 MeV in binding energy.
This correction is surprisingly high because the overlap of the t + r configurations
with the a +d components included in the model might have been expected almost
complete. We emphasize that this effect appears in excess of a virtually complete
a + p -f n subspace, so there is room for further improvement only in the t + r
component, which cannot but enlarge the effect.

If the contribution to the binding energy is so significant, it must also appear
as an enhancement of the t+ r spectroscopic factor. Indeed, we found an increase
of 0.06. The figure shows preliminary results for the spectroscopic amplitude func-
tions calculated in the or+ p + n model (dashed line) and in the {a +p +n,t t]
model (solid line).

To conclude, one can say that the t -fr subspace provides at least 0.6 MeV of
the 1 MeV binding energy missing from the a + p + n model. The contradiction
with the three-body model shows that the off-shell behaviour of the effective forces
they use cannot be perfect.
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Dynamical microscopic three-cluster
description of eLi

A. Csoté and R. G. Lovas

In recent years we have done extensive work on the description of the ground
state (g.s.) of the nucleus 6Li [1-4]. We solve a six-nucleon problem (‘microscopic
model’) with an effective nucleon-nucleon interaction (‘dynamical model’) in a
truncated state space treating the Pauli principle as well as the centre-of-mass
motions exactly. Our previous approach [2] depicted 6Li as an a + p + n three-
cluster system arranged as (pn)a, with an excitable a cluster in which the six
nucleons interact via a central effective nucleon-nucleon force. This interaction
allows no mixing in the summed nucleon spin 5, and relative orbital momenta Ipn,
Ida, and their sum, X, such that they are to be setto S = 1land Ipn= Jg|a =L —0
in the 6Li g.s.

We have now [4] attempted to achieve the perfection of macroscopic a +p +
n three-body models. We use a generator-coordinate approach, which includes
(pn)a, (cm)p, and (ap)n partitions with all angular-momentum components of
any significance. The trial function is constructed out of Os and a set of Os, Op,
Od harmonic-oscillator (h.o.) eigenfunctions of the a intrinsic and of intercluster
Jacobi coordinates, respectively, with the generator coordinates being the h.o. size
parameters.

The effective nucleon-nucleon force used contains tensor and spin-orbit terms.
We have determined its parameters by fitting to the properties of the subsystems.
We found that the description of the subsystems is less perfect than with central
forces, and explained this by the inconsistency of the use of a tensor force with
describing the a g.s. by Os oscillator states.

The binding of 6Li with this force was found to be about 1 MeV too weak.
After readjusting the force to yield the correct 6Li energy, we found the weights
of the components with summed nucleon spin and orbited momentum (S,L) =
(1,0), (1,1), (1,2), and (0,1) to be 94.6%, 0.2%, 3.9%, and 1.3%, respectively. The
(1,2) component comes predominantly from clusterization (pn)a; the others can
be attributed to any of the highly overlapping partitions.

The a+d and 5He+p spectroscopic factors were calculated with a new formula,
which expresses them in the generator-coordinate basis directly, without resort to
integral transformations. The estimates for the a + d spectroscopic factor, ~0.9,
are realistic, but those for 5He-fp are a factor of 2 too high. This is understood to
be a consequence of the model’s tendency to compress the low-energy continuum,
which appears to be a general defect of forces that are constrained to reproduce
the bulk properties of the a particle in terms of Os states. Thus a radical remedy
would require an improvement of the description of the cluster internal motion.
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Microscopic formalism for light multicluster
systems

K. Varga, A. Csotd, K. F. Pal, A. T. Kruppat and
R. G. Lovas

tPresent address: Daresbury Laboratory, Warrington, UK

The description of light weekly bound nuclei, like 6°79®% LL may require the
explicit treatment of more than two clusters. For 6Li= a + p+ n, we used to use a
two-cluster a +d formalism, with the p+n motion represented by a combination of
excited deuteron states [1]. With composite clusters or mixed angular-momentum
relative motions, however, this is not a viable method.

Our new multiconfiguration multicluster formalism is based on a linear vari-
ational approximation to the A-nucleon problem with a trial function of the
generator-coordinate type. The nucleon-nucleon interaction is assumed to be a
sum of central, tensor, spin-orbit and Coulomb terms. The clusters axe restricted
to be Os clusters.

The trial function is a sum over various cluster arrangements, each associated
with a particular set of intercluster Jacobi coordinates. In an 1+2+3 three-cluster
model a general term describing the arrangement (12)3 has the form

d )t =A{[*s[xi"(ri)xi!2)’(r,)]i]M

where A is the intercluster antisymmetrizer, <?sa/5 —[($1$2)$3]SMs is composed
of the cluster intrinsic wave functions ®’, the x(r) are functions of the intercluster
Jacobi coordinates, and [ ]jm denotes angular-momentum coupling. The cluster
intrinsic states are harmonic-ocillator (h.0o.) Slater determinants, of different size
parameters, each projected onto the Os h.o. wave function describing the respective
zero-point vibration of the cluster centres of mass. Such a set of cluster intrinsic
states comprises, in addition to the ground state, a set of breathing vibrational
states as well, whose inclusion is to allow for the distortion of the clusters in each
other’s vicinity. The intercluster functions Xim(ri) are expanded as
Ni
XIm(ri) = Y Gfer'exp(-|7r?)Yim(r?). (D
K
The matrix elements involving the basis functions are expressed as integral
transforms of matrix elements of multicentre shell-model Slater determinants pro-
jected to total momentum zero. One can derive such a relationship by using the
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fact that a shifted Gaussian is the generating function of the functions involved in
the expansion (1).

Because of the non-central potential terms, the matrix elements between the
multicentre shell-model states are functions of the displacement vectors between
the h.o. centres involved. The integral transformations involve integrations over all
these vectorial variables. In the integration over the angular variables an angular-
momentum projection is also implicit. The technical novelties in the formalism are
in the treatment of these integral tarnsformations. The formalism facilitates the
implementation of computer algebra.

The formalism has first been applied to the ground state of 6Li. The results
obtained in a pure a +p + n model and in a mixed {a + p +n,t -t} model are
reported on in Refs. [2] and [3], respectively.
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A Semi—Microscopic Algebraic Cluster
Model

J. Cseht

Recently we have proposed an algebraic treatment of cluster structure of light
nuclei, including non-closed-shell clusters [1]. The internal cluster degrees of free-
dom are described in this approach by the SU(3) shell model [2], while the relative
motion is treated in terms of the vibron model [3].

This description is semi-microscopic in the sense, that the Pauli forbidden
states are excluded from the model space not only when the truncation can be
done according to the quantum number of the relative motion [4], but also within
a major shell. The spurious center of mass excitations are excluded, too. This
model space is similar to that of the microscopic 517(3) cluster model [5]. In fact,
the solution of the norm-kernel problem of the microscopic description can be
used to build up the model space of the semi-microscopic approach, but a simpler
approximation based on the matching of the shell model and cluster model basis
[6,1] also proved to be useful in several cases. Some other consequences of the
antisymmetrization, which are normally beyond the capability of the phenomeno-
logical cluster models including the vibron model, are also incorporated in this
description. An example is the equivalence of different cluster configurations.

Table 1. 5(7(3) representations
for the 12C + a system from
the matching of the cluster
basis and shell model basis

-

"r (A
(0,0)

(2,1)
(2,0) (3,1) (4.2)
(3.0) (4,1) (52) (6.3)
(4,0) (5,1) (6,2) (7,3) (8,4)
(5,0) (6,1) (7.2) (8,3) (9,4)

© 0O N o o B~

s 5 6 7

Figure 1. Experimental and model
spectra of 1eO according to the
U(3) dynamical symmetry
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J. Cseht

The model is algebraic in the sense, that the quantum numbers of the states
are provided as representation labels of some Lie groups and the interactions are
expressed in terms of their generators.

As an illustrative example Table I. presents the model space of the 12C + a

system, and Fig. 1. shows the low-lying part of the spectrum.
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A semi—microscopic algebraic study of the
a—e€luster states of the 180 nucleus

G. Lévaia)b), J. Csehgp and W. Scheid?

A well-known common feature of many light nuclei is the presence of a-cluster
states in their spectra. These states have been interpreted in terms of both micro-
scopic [1] and phenomenologic [2,3] cluster models. The Vibron Model [3] (which is
a phenomenologic algebraic model of dipole collectivity,) was able to reproduce sev-
eral important characteristics of nuclear cluster states, using the simplified picture
of the rotational-vibrational motion of two structureless clusters [4]. In order to
take into account the internal degrees of freedom, this model weis developed further
on a phenomenologic level by allowing collective quadrupole [5] and single-nucleon
[6] excitations of the clusters.

Recently, a semi-microscopic version of the Vibron Model was formulated [7]
as a general approach to nuclei consisting of non-closed shell clusters. This version
describes the internal degrees of freedom of the clusters in terms of the 517(3) shell
model of Elliott [8], while the relative motion of the clusters is accounted for by the
17(3) limit of the Vibron Model. The construction of the model allows the exclusion
of the Pauli-forbidden states and the spurious states related to the CM motion of
the whole nucleus [7]. The first results from the model were the reproduction of
the spectra of the 12C + a and the 12C + 160 systems [7], however, the thorough
application of the full machinery of the model (including the description of E2 and
El transitions) to some nucleus remained to be done.

The 180 nucleus appeared ideal as the subject of such a study for at least two
reasons. On the one hand, its relatively simple structure makes the application of
the model straightforward and easy to test before turning to more complex sys-
tems, while, on the other hand, the enhanced El (and E 2) transitions, confirmed
by a recent work [9], cleaxly show the importance of the molecular (UC + a) struc-
ture of some of its states. The experimental data have been compared to the model
spectra corresponding to the dynamical symmetries of the simple Vibron Model
[9]. This description can account for the enhanced EI transitions, (actually the
experiment was inspired by this prediction,) however the model spectra contain
considerably less states than what was found experimentally.

We have used the (0,2) 517(3) shell model representation to describe the
internal structure of the 14C nucleus, while the relative motion of the a and the
14C clusters was characterised by the Vibron Model quantum number nn, where
(according to the Wildermuth condition) only states with n* > 6 were considered.
We identified 34 T = 1 states of the experimental spectrum with model states and
assigned them to 11 bands with both positive and negative parity after fitting the
model Hamiltonian with 7 parameters.

E2 and EI transitions between the SU(3) coupled model states were also
calculated and specific non-trivial selection rules were found to be hold for the
phenomenologic transition operators. The three parameters of the T"E2" operator
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and the two parameters of the T ~ 18 operator were fixed by requiring the repro-
duction of the strength of certain, precisely measured transitions [9,10]. The E2
transitions obtained this way were in good agreement with the experimental data
set (of 16 items), moreover the quadrupole moment of the first excited (2+) state
was also excellently reproduced. The results were somewhat poorer for the EI
transitions (30 items), nevertheless the performance of our model was still bet-
ter than that of a Generator-Coordinate Method (GCM) calculation [11] which
overestimated the B (EI) values significantly. A remarkable finding was that our
results (especially the B(E2) values) showed non-negligible correlation with the
GCM results in the sense that the same transitions were found to be strong (or
weak) in the two models, sometimes even in contradiction with the experimental
data.

These first results obtained from the SU(3) dynamical symmetry of the new
semi-microscopic algebraic cluster model are encouraging with respect to its pos-
sible applications to more complex systems, which we plan to carry out in the near
future.
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Algebraic 12C + 12 ¢ cluster model
description of 24m g

J. Cseha>6), G. Levaid®y and W. Scheid

A Possible 12C + 12C cluster structure of 2iMg was suggested for the first time
in connection with the highly excited states of 2iMg, which are populated as
molecular resonances in the 12C + 12C reactions [1]. The explanation of their
appearance was given in terms of phenomenological models, like the Nogami-
Imanishi model [2], double resonance model [3], and band-crossing model [4]. Later
on the phenomenological algebraic description of the vibron model [5] was also
applied to this system [6,7]. Furthermore, microscopic [8] and semi-microscopic
[9] calculations were carried out, concentrating on the high-lying quasi-bound
states.

More recently the low-energy part of the 2AM g spectrum has been described
[10] in terms of the coupled channel extension of the local potential approach [11].

Here we report the preliminary results of our application of the semi-
microscopic algebraic cluster model [12] to the 12C + 12C sysytem. In this ap-
proach the internal cluster degrees of freedom are described by the SU(3) shell
model [13], while the relative motion is treated in terms of the vibron model [5].
Furthermore several effects of the antisymmetrization are taken into account [12].

In particular, we have addressed the question of the description of the 24Mg
nucleus when both the low-lying spectrum and the quasi-molecular resonances are
considered. Both 12C nuclei are characterised by the (0,4) shell model represen-
tation, i.e. their relative orientations can change, but no other internal excitations
are involved. (In the previous algebraic descriptions [5-7] both clusters were con-
sidered to be structureless.) The 517(3) basis of this semi-microscopic model com-
bined with simple interactions corresponding to the 517(3) dynamical symmetry
result in reasonable agreement between the experimental and model spectra. The
Hamiltonian contains terms up to the third order. The number of experimental
T —O0 states taken into account is circa 180. The molecular resonances have 2h>
excitations in our model, similarly to Ref. [8]. The strongest B(E2) values, which
are associated in this description to intraband transitions between states with same
(A,/) quantum numbers of the combined 517(3) group, are reproduced also fairly
well. However, some weaker E 2 transitions are missing from this description; they
show evidence for a weak breaking of the 517(3) dynamical symmetry.

The effects of these cluster states on the 12C - 12C reaction cross section
can be studied by combining the present nuclear structure calculation with the
R-matrix description of the reaction, like in Ref. [14].
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On the Relation Between Cluster and
Superdeformed States of Light Nuclei

J. Cseha)hy and W. Scheidh

We have investigated the relation between cluster and superdeformed states of
light nuclei [1,2] both in terms of Harvey’s prescription [3] and in terms of the
connection between the shell and cluster model basis [4]. It turns out that these
two prescriptions associate the same a-like clusterisations with local minima of
the potential energy surfaces of N —Z even-even nuclei [5].
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Fig. 1. Possible cluster configurations of some highly deformed states of 2AMg.
Only the directions of symmetry axes and the directions of amalgamations of the
clusters carry physical content, while the relative distances do not.
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Pseudo SU(3) Approach to Clusterization in
Heavy Nuclei

J. Cseha)b), R. K. Guptagx) and W. Scheidb

Cluster configurations in heavy nuclei have been discussed in the past in terms of
a phenomenological algebraic cluster model, called Nuclear Vibron Model (NVM)
[1-4], in which the collective states of the core are accounted for by the Interacting
Boson Model (IBM) [5]. The NVM reproduces several features of the experimental
data. Nevertheless, questions like the existence or non-existence of a specific clus-
terization, and the extent of similarity of various different cluster configurations
can not be answered easily in this model. In the light of the observed heavy-cluster
radioactivity [6,7], these questions are of utmost interest. A semi-microscopic ex-
tension of the algebraic approach, in which the internal cluster degrees of freedom
are described by the SU (3) shell model instead of IBM, keeping the relative motion
described by the Vibron Model, seems to work well for light nuclei [8,9]. Several
effects of the antisymmetrization are also incorporated in this approach. Since the
shell model part of this description is based on an L —S coupled scheme, it is not
applicable directly to heavy nuclei. However, there are indications in favour of a
pseudo 517(3) shell model for heavy nuclei [10], which includes the validity of this
scheme also for some cluster configurations [11].

Based on the semi-microscopic algebraic approach of the pseudo SU (3) shell
model coupled with the Vibron Model, we have applied a simple selection rule for
the possible emission of heavy clusters from 224Ra [12]. This selection rule is given
by a matching requirement between the 17(3) and UST{4) representations of the
cluster basis and the shell model basis of the united nucleus. We find that this
selection rule is sensitive to the microscopic structure of the nuclei. For example,
supposing a zero occupation of the intruder neutron subshells, the 14C emission is
forbidden, while acand 12C emissions are allowed. However, if we take the intruder
states into account, then for the configuration (.715/2)" <S>(26,4),, ® (18,0)p, which
corresponds to a realistic deformation of 224Ra, the 14C + 210Pb clusterization
is allowed. Then not only the ground-state band (44,4), but also the lowest-lying
negative parity band (49,2) can be obtained in this model. Furthermore, due to the
antisymmetrization effect, we find that some cluster configurations, like 4He, 12<7,
and 14C clusters plus the correponding cores, are equivalent in this approximation.
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Dynamical Symmetry Breaking in su(2)
Model and the Quantum Group su(2)q

R. K. Gupta*)™), J. Cseh0Q*>), A. Ludu“)*), W. Greiner®) and
W. Scheid-)

We have studied the quantum analogues of the limiting symmetries 17(1) and 0(2)
of the 17(2) algebra [1]. In particular, we have investigated the question whether
the g-deformation parameter in the algebra of su (2)f group can be looked upon
as a dynamical symmetry breaking parameter of taking us from one limiting case
to another. We find that in the limiting case of 17(2) b 17(1), partially the real and
imaginary gq-deformations and more comletely the complex g-deformations give a
transition horn f7(l) towards 0(2) and also show intermediate results.
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Fig. 1. Energy spectrum as a function of q-deformation parameter s for SU(1).
Here in (a) s (= a) is real and in (b) s (= ib) is imaginary-valued. The energy
spectra observed at b= 0.2856 and 0.34905 are shown as an inset.
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On some recent developments concerning
solvable potentials obtained from SUSYQM

G. Lévai

The introduction of supersymmetric quantum mechanics (SUSYQM) [1] gener-
ated renewed interest in solvable problems of nonrelativistic quantum mechanics.
This new approach relates pairs of one-dimensional potentials (‘SUSY partner
potentials’) to each other using (super)algebraic manipulations, and has led to
the remarkable finding that knowing the ground-state wavefunction of a potential
VL(x) one can easily construct its SUSY partnpr V+(x) with essentially the same
bound-state energy spectrum. (See, for example [2] for a recent review.)

It was soon noticed that the SUSY partner potentials often depend on the co-
ordinate in the same way, which simplifies the calculation of the wavefunctions and
energy eigenvalues to a considerable extent [3]. These ‘shape invariant’ potentials
were, in fact, found to be essentially the same as those obtained earlier [4] from the
factorisation method. Several attempts were made to identify and classify all the
shape invariant potentials [5,6], and the results suggest that finding further such
potentials in addition to the 12 known ones is unlikely, nevertheless its possibility
can not be ruled out completely.

Recently a number of new solvable potentials have been reported either as
basic new results or as examples or illustrations to some novel approach inspired
by SUSYQM. Here we show that although the authors stress the novelty [7,8,9,10]
and the shape invariant nature [9,10] of these potentials, they can be obtained
from already known P11 and P 1l class [6] (or, alternatively [4], type A and E)
shape invariant potentials by an appropriate choice of the potential parameters.
We summarise the relation between the ‘new’and ‘old’ potentials in Table 1. [11].
Using the notations of [6] the latter can be written formally as V-(A, B; ax + 6),
where A and B define the shape of the potentials, a is a scaling factor of the
coordinate, while 8 simply corresponds to a shift along the x axis. We displayed
the parameters of the ‘new’ potentials in the second column of Table 1. and gave
their relation to the parameters A, B, a and 8 in the next four columns. In order to
get the ‘new’ potential of Williams [8] one has to rewrite hyperbolic functions into
exponential ones and also has to add a constant term to the resulting expression.
The expression of the energy eigenvalues En also has to be rearranged somewhat.

The ‘new’ potentials were obtained using various approaches. Williams [8]
followed earlier works [6,12] to construct a new class of solvable potentials related
to the Jacobi polynomials, but, as it can be seen from Table 1., what he found is
a P11l class potential shifted along the x axis. Arai [9] also obtained shifted P I
and P Il class potentials as ‘new’ ones by using ‘deformed hyperbolic functions’
like e.g. sinhgx = |(er —q e~x). Both authors notice that the energy spectrum
of their ‘new’ potentials is independent of the a ([8]) and g ([9]) parameters. The
interpretation of this result is clear, since as we see, these parameters represent
practically only a shift along the x axis, so they should not be relevant to the basic
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results. Cerverd [7] obtained a ‘new’ potential as a special case of a new approach
based on the Jacobi elliptic functions. Here we also mention that his expectations
about the reflectionlessness of this potential seem to be false, as can be seen from
an earlier work [13].

Table 1. The ‘new’ potentials of refs. [7,8,9,10] expressed in terms of known shape in-
variant potentials [6]

‘New’ potentials ‘Old’ shape invariant potentials V-(A, B; ax + 8)
Ref. parameters A B a 8 Class (g(x)) [6]
7 P, ® pcos P—1  psin P 1 0 PI(i sinh x)

[8] a, A, a azl 1i82 g 21 §bf P 11 (coth x)
[Ol Ex. 1. a, B, A q -A R a -|b g PJ/(tanh Xx)

Ex. 2. a, A, q -A -W 12 a 2In A P/(isinh x)
[10] 33) &, b a -b 1 0 PJ(cosh 2x)

(39) a, b —a b 1 5 P /] (—fcot x)

(40) a, b a b 1 T P 1(cos x)

In conclusion we can say that the twelwe-member ‘club’of shape invariant po-
tentials appears to be exclusive, and admission of further members seems unlikely
despite all the efforts initiated by the recent developments of SUSYQM. Neverthe-
less, these studies may open the way towards other exactly solvable problems of
nonrelativistic quantum mechanics and may help our understanding of this field.
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Absolute alpha decay width of 212Po in a
mixed shell-and-cluster model

K. Varga, R. G. Lovas and R. J. Liotta t

t Manne Siegbahn Institute of Physics, Stockholm

We cannot say that we understand the dynamics of a decay until we are able to
predict absolute a decay rates, widths or, equivalently, the probability of o-particle
pre-formation. Obviously, such a model should treat the valence nucleons of the
parent nucleus microscopically, and a really fundamental approach calls for the
shell model of the parent nucleus. A shell-model wave function, however, can only
be used for this purpose if it is correct in a far-enough region where the nuclear
interaction as well as Pauli exchanges axe negligible, and that requires prohibitively
large basis dimensions.

To overcome this hitch, we complement the shell-model basis by cluster-model
basis states of the type of a particle plus residual nucleus. With the core assumed
to be infinitely heavier than the a particle, the cluster-model states are tractable
as some generalized shell-model states. They only require extra treatment because
they involve single-particle (s.p.) orbits not orthogonal to each other, to the other
valence orbits and to orbits occupied by the core nucleons. Thus, to reduce the
cluster-model part as well to a four-valence-nucleon problem, the Pauli principle
has to be allowed for by an orthogonality condition on the s.p. orbits.

In the model we developed along these lines in the past years [1] everything
can be calculated analytically, though we had severe technical difficulties in its
implementation and testing [1]. This is the first preliminary report on the results.

Our approach differs from the similar approach of Steinmayer, Siinkel and
Wildermuth [2] in that our shell model is a realistic shell model by itself, from the
approach of Okabe [3] in that we do not assume the existence of a single-particle
model state nearby, and from both in that we use a realistic s.p. potential.

In the actual application of the model to the decay of the ground state of
212Po we start with a reasonably realistic shell model with a Woods-Saxon-shaped
s.p. potential. The parameters are fixed at this level by fitting to independent
experimental data for the energy levels of the core + one-nucleon and core + two-
nuleon systems and for core + s.p. scattering. We then include the cluster-model
states. The decay width is calculated as T = 2P (rc)'y2(rc), where 7 is the formation
amplitude calculated analytically from the parent-state wave function and from a
consistent a intrinsic wave function, and P is the Coulomb penetration factor. I
has proved weakly dependent on the channel radius rc as it should be. The resulting
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value is not very sensitive to the shell-model and cluster-model configurations
either. The only ingredients whose effect is crucial axe the s.p. potential and the a
separation energy because these affect the size and shape of the Coulomb barrier
to be overcome by the a-particle.

In the above figure the two curves are the two contributions to the formation
amplitude: the shell-model term (thick line) and the cluster-model term (thin line).
The a spectroscopic factor is 0.07. The resulting decay width is 1.3 x 10-15 MeV,
while the experimental value is 1.5 x 10-15 MeV. Since the uncertainty of the
input parameters can well account for the difference between these two values,
agreement with experiment may be said to be perfect.

To our knowledge, this is the best-ever estimate obtained in a fundamental
microscopic approach for the absolute decay width of an a-radioactive nucleus.
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M atrix elements between Pauli-distorted
single-particle orbits

K. Varga

The microscopic description of systems of nuclear clusters is very complicated
because the antisymmetrization is indispensible. When one of the clusters (the
“core”) is substantially heavier than the others, it is a good approximation to
antisymmetrization to build up the wave function of the light cluster out of single-
particle (s.p.) states that are orthogonal to those occupied in the core [1-3].

A typical s.p. wave function for the nucleons of a light cluster is

V,= (|) 3ldexp (-](r- S)2),
where s is the displacement vector of the cluster centre of mass (c.m.) with respect

to the core c.m., which is assumed to be at rest in the heavy-core approximation.
This is then to be replaced by the Pauli-distorted wave function

p’s —Ps An  {PnIm\Ps)Pnim (1°0
occupied
[ (PnIlm \Ps)PnlIm . ()
unoccupied

To calculate the one-body and two-body matrix elements of the Pauli-distorted
states, one usually uses [2-3] the harmonic oscillator expansion (Ib). To get con-
vergence in this way is not only computer time consuming [2] but may lead to
numerical inaccuracies [4] as well. Therefore, we propose to use the expression
(la) directly.

For this purpuse, we constructed a generating function

B 4aR?2 43/4eX 1 alR N f 1 2
MW= ez P 2(TT ) e@\~28r
2zBjrs
(1_r2)3/2 ezty (1-22yBr2-f7s2)+ (r/\)y ’
where
air and B a —~R 1/2
T (a+R)a- R T oa+n
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The matrix elements of the generating function are well known (see e.g. [1])
as it has simple gaussian r dependence. From this the matrix elements of the
Pauli-distorted wave function can be derived by using the relationship

£.=<K°) - 57 70(9)U=o- )

One can easily perform the operations prescribed by equation (2) using com-
puter algebra or a recurrence relation.
We have successfully applied this method in the cluster-|-shell model descrip-

tion of the alpha-decay of 212Po [4].
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Continuum RPA calculation of escape
widths.

T. Vertse, P. Curutchet |, R. J. Liotta 1, J. Bang 2 N. Van
Giai 3

The effect of an external field on a nucleus can be characterized by the response
function which is a complex function of the energy and is constructed from the
operator of the field and the Green’s function of the system concerned. The imag-
inary part of the response function is proportional to the strength function and
a complex pole of the response function lying close to the real E-axis represents
a resonance of the nuclear system. In a work reported earlier [1] the dependence
of the particle-hole response function on the real energy E was studied in a very
simple model. It represented a continuum RPA (CRPA) calculation if the exact
form of the single-particle Green’s function was used. In order to speed up the
calculations we also applied approximations to the CRPA, in which two sorts of
pole expansions of the single particle Green’s function were used. The result of the
approximate methods were checked against that of the exact CRPA. The agree-
ments encouraged us to use these pole expansions even if we extended the study
of the p-h response function to complex energies.

The ultimate goal of all this efforts motivated by recent experimental stud-
ies is to develop a new and efficient method for the calculation of the particle
decay width of giant resonances in heavy nuclei. Here one of the main compli-
cations is to include the contribution of the continua of many p-h configurations
which all sum up coherently in the building up of a giant resonance. In a realistic
case CRPA calculations become hopelessly time consuming besides they give no
insight into the structure of the resonance whose decay width is calculated. In
order to overcome these difficulties some of us [2] suggested an approximate
method called resonant RPA (RRPA) where the continuum is approximated by
a discrete set of bound and resonant single particle states. A stringent test of
the RRPA (against the CRPA) and another pole expansion method based on the
Mittag-Leffler expansion of the Green’s function were carried out [3] in a simple
model case of ref.[I]. There the unperturbed Hamiltonian contained a square well
potential (with/without Coulomb term) and the residual interaction had a sep-
arable multipole form. In this case the p-h response function has a simple form
and the partial decay widths is proportianal to its residue. The complex pole of
the response function and the corresponding residue were determined numerically.
Though the model is oversimplified the parameters of the calculation were chosen
so as to simulate giant multipole resonances in 208Pb. The exact CRPA produced
narrow giant resonances for the isoscalar 0+, 2+ and the isovector 1* cases. The
sum of the partial widths calculated for these resonances coincided with the to-
tal width of the resonance (coming from the imaginary part of the energy) up to
3-4 decimal digits. This fact proved the reliability of the CRPA calculations. The
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fact that both the RRPA and the other approximate calculation reproduced the
partial width of the CRPA within 10% accuracy shows that the pole expansion
methods can be used to get a reliable estimate of the partial width. The RRPA
calculations not only took several orders of magnitudes shorter time to be com-
pleted than the CRPA but gave some hint about the importance of the different
p-h configuration in the giant resonance. The other expansion method which in
principle must be more reliable[4] was also much faster than the CRPA (but slower
than the RRPA) and sometimes gave closer value to the exact result but due to
the overcompleteness of the basis has difficulties in extracting structure informa-
tion . Another experience we gained from this work is that the partial widths axe
better reproduced by the approximate calculations than the complex energy of the
resonance therefore the sum of the partial width values give much better estimate
to the total width than the one related to the imaginary part of the energy.
The extention of the calculations to realistic potentials is under way.
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Test of CP and CPT Symmetries at LEAR

S. Szilagyi

The CPLEAR (PS195) Collaboration

Univ.Athens, Univ.Basel, Univ.Boston, CERN, Univ. Coimbra,
Delft Techn.Univ., Democritos INP, Univ.Fribourg, loannina Univ.,
Univ.Liverpool, J.Stefan Inst.Ljubljana, Marseille CPPM,
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As a research fellow from ATOMKI, S.Szilagyi has been participating in the
particle physics experiment called CPLEAR for four years. The experiment is being
performed at the European Organization for Nuclear Research (CERN, Geneva)
in a large international collaboration. As a member of the particle physics group at
the Manne Siegbahn Institute of Physics (MSI Stockholm), he has worked on sev-
eral aspects of the CPLEAR experiment, taking actively part in the construction
and test of the detector, working especially on both hardware and software devel-
opments of the Particle Identification Detector for CPLEAR. Now he is involved
in the physics analysis program of the experiment.

The idea and the main features of the CPLEAR experiment are briefly sum-
marized as follows.

The physics motivation of the CPLEAR (PS195) experiment is to study CP
violation phenomena using the improved source of antiprotons at LEAR (Low
Energy Antiproton Ring, CERN).

The study of the invariance under the combined operation CP is connected to
several fundamental questions in physics, like the observed asymmetry of particles
and antiparticles in the Universe. Since its first observation in 1964 in the decay
of the long-lived neutral kaon into two pions, CP violation remains one of the
enigmas in particle physics.

While previous and other current experiments (e.g. NA31 at CERN and E731
at Fermilab) measure decays of K°L and interferences with generated Kg, CPLEAR
starts with pure |A™) and |A™) states, which are related by the CP operator:
CPJA'™) = |A™). The time evolution of these states is studied, and any difference
(asymmetry) between K° and K° decay rates is a direct evidence of CP violation.

An intense (2 x 106s-1) beam of low momentum (200 MeV/c) antiprotons
is stopped in a hydrogen gas target to obtain a high flux of tagged A"0 and K°
mesons through the annihilation channels (called golden events)

pp (at rest) —»ktK UK O(KDO0)

The average kaon momentum in these channels is around 550 MeV/c. Both
annihilation channels have the same branching ratio (0.2 %) due to C invariance
in strong interactions. In the CPLEAR experiment the decays of the neutral kaon
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™

Fig. 1. Cross-section of the CPLEAR detector indicating a golden event

into 2n-, 31- and semileptonic final states are studied. A new approach is used by

measuring directly the interference effects and the asymmetries of different
decay amplitudes in the neutral kaon system.

The quantity to be measured for different states / is

_ R(K°® —=f)-R(K®° ->/)
f- R(KC - /) + R(K° ->/)

where R denotes the decay rate. By this method of symmetrical production of
particles and antiparticles in the pp annihilation at rest and the identical detection
of their decay products, not only will the systematic errors be minimized, but CP
violation in other than the 2 channel can be detected for the first time as well.
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The CPLEAR detector (see figure) has been designed to tag neutral kaons
arising from pp channels and identify their decay products. The detector is cilin-
drically shaped and built inside a magnet of 1 m radius and 3.6 m length and with
a magnetic field of 0.44 T. In the centre is a gas target at 15 atm. Tracking is
provided by two layers of proportional chambers, six layers of drift chambers and
two layers of streamer tubes. Outside the tracking devices there are 32 sandwiches
of Scintillator-Cherenkov-Scintillator (called PID for Particle Identification Detec-
tor), providing a fast trigger and particle identification (mainly K —>Kseparation).
Finally a lead sampling electromagnetic calorimeter is to detect photons.

In order to select the golden events the large background (mainly pions) has
to be efficiently rejected from the other annihilation channels at the triggering
level. A multistep trigger based on hardwired processors is used to handle the
very high (up to 2 MHz) annihilation rates. Data from those events surviving the
sophisticated trigger conditions are stored on magnetic tapes. In the offline analysis
full kinematical fits — including vertex fit, particle identification and calculation of
missing and invariant masses, momenta — are performed on all events representing
channels of physics interest.

In order to reach the expected accuracy with good statistics in CPLEAR, some
1013 pp annihilations axe needed to take place in the target.

In addition to the main physics goal of CPLEAR, as an important byproduct,
the experiment is able to contribute to different topics, like the study of pp anni-
hilation process into different (mainly kaonic) final states and the spectroscopy of
rare decay modes of light mesons.
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An Exact Comparison of the Experimental and
Theoretical ECC Cusp Energies

S. Ricz, |. K&adar, J. Végh, Zs. Fulép, E. Takécs, K. Wakiya#,
Gy. Szabé, L. Toth

It is generally accepted that the ECC (Electron Capture to the Continuum)
cusp electrons have the same velocity as the projectiles capturing them123 To test
this hypothesis the energy of the ECC cusp has been accurately measured in proton-
noble gas atom collisions at accurately known proton energies at 0° with high
electron energy resolution. High resolution and accurate calibration of both ion and
electron energy scales is of utmost importance. Also, for an exact ECC cusp energy
determination the elections should be measured exactly in the direction of the beam.

Earlier experiments45 revealed a definite change in the energy of the ECC
cusp electrons in function of the observation angle, but no exact comparison of the
measured and calculated energies was made.

The proton energy scale was calibrated with high accuracy using well defined
resonances of the Z7AI(p,y)28Si reaction (1519.7 = 0.2 keV (M=3.7 keV), 760.39 +
0.04 keV (I'<0.04 keV)). The energy resolution of the electron spectrometer was
5x10 4, the acceptance angle at zero degree £ 3.2°. The maximum possible angular
deviation from 0° is < 0., as limited by the beam-shaping collimators. The
alignment of the spectrometer with the scattering chamber is much better than + 0.04
degree. The total angular uncertainty of the center of the 0° spectrometer channel is
< 0.14°, the possible energy shift caused by it is negligible45 The electron energy
scale was calibrated by the Ne KL~L” ‘D2 (804.5 +0.1 eV67) and the argon
LIMZ23MZ3 ‘D2 (203.49 + 0.02 eV7) Auger lines.

Table 1. Experimental and theoretical energy values for the cusp shaped peak due
to ECC electrons at two proton energies in different p - noble gas atom collisions.

Target Proton energy Theoretical ECC Experimental ECC
[keV] electron energy [eV] cusp energy [eV]
Ar 1519.7 £ 15 827.68 + 0.8 813.5 £ 2.9
‘ Ne 1519.7 £ 15 827.68 = 0.8 812.9 £ 4.6
He 1519.7 £ 15 827.68 = 0.8 812.4 £ 15
Ar 760.39 + 1.0 414.13 + 0.5 408.7 + 2.5

The results of the measurements are summarized in Table 1. The electron
spectra and their theoretical estimates are presented in Fig. 1. The calculations were
made according to Ref. 2 by using Roothan-Hartree-Fock target wavefunctions.
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The theoretical value of the ECC cusp energy deviates from the measured one.
The energy difference depends on the projectile energy.

Fig. 1 Electron spectra in the ECC cusp region: a. in the 1519.7 keV p-Ar, b. p-Ne,
c. p-He, and d. in the 760.39 keV p-Ar collisions. The fitted curve (continuous line),
the residual and the theoretical estimate of the spectrum (dashed line) are also shown.
The vertical continuous line indicates the position of the cusp peak, the dashed one

its theoretical estimate.
This work was sponsored by the Hungarian National Scientific Research Foundation.
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Projectile energy dependence of the ECC cusp shape

P. Zavodszky, L. Sarkadi, T. Vajnai*, J. Palinkas,
L. Gulyas and D. Berényi

This work is a continuation of our study [1] of the asymmetry of the ECC
cusp peak in H+—He collisions. The projectile energy range has been extended
considerably in this study and now it is between 75 and 1400 keV. The proton
beam has been obtained from the 15 MeV Van de Graaff accelerator of
ATOMKI. The electron spectra were taken by a distorted-field double-pass
cylindrical mirror electron spectrometer (ESA-13) at 0° ejection angle and fixed
angular acceptance (about 2°).

The electron spectrometer has been calibrated using the known energies of
the LMM and KLL Auger lines of Ar and Ne, respectively. The calibration spectra
were taken at 0 =30° and 50° relative to the beam direction where the PCI shift is
expected to be very small.

To compare the velocity of the ECC cusp electrons and that of projectile,
which is one of the aims of this work, it is necessary to determine precisely the
beam velocity (energy). This has been achieved by a careful calibration of the
analysing magnet of the accelerator. For this purpose we used the 7Li(p,a)8Be*—»
8Be+y nuclear reaction at the 340, 671 and 935 keV resonances. The target was a
very thin LiF film vacuum-evaporated on Al backing. The beam current was small
enough (max.10 nA) to avoid the target contamination which is especially critical
at low energy. The gamma rays were measured with a Nal(TI) scintillator. The
field of the analysing magnet was measured with an NMR based magnetometer.

We obtained the following formula between the proton energy Ep(in eV)
and magnetic field B (in gauss):

Ep=(C+ AC)*B2

The values obtained for C and AC are shown in Tab.l.

At the fixed resonance energies of the above nuclear reaction we have taken
the cusp electron spectra from the H+—»He collision. The energy values of the
maxima of these cusp spectra (e“p) are also shown in Tab.l, together with the
corresponding theoretical energy values (e,h) calculated assuming ve=vp. An
excellent agreement can be observed between the two electron energy values. This
verifies the theoretical assumption that the projectile and the ECC cusp electron
have the same velocity at the maximum of spectrum.

To analyse the asymmetry of the ECC cusp we have taken 14 spectra of good
statistics, every spectra in the velocity range from 0.9 veto 1.1 ve. These spectra
corrected for the spectrometer efficiency and constant relative energy resolution
(about 0.0025),are shown in Fig.l.

The shape analysis is in progress. We use the method proposed by
Meckbach et al.[2] based on the series expansion of the cross-section. We wish to
compare our experimental results with the recent theoretical results obtained by
Moiseiwitsch [3].
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Tab.l.The proton energies (EP),the calibration constants(C)obtained and
used to calculate the theoretical energy (eth) of the ECC cusp. The e“?
values are the measured energies of the maximum of the ECC cusp.

C+AC eth gep

(kefy (eV) (eV)
34Qz1.0 0.1838+0.0005 185.2+0.5 185.5+0.4
671+2.6 0.1837+0.0007 365.5+1.4 365.620.6
935+2.0 0.1847+0.0004 509.3+1.0 508.5+0.8

Fig.l. Electron energy spectra of the ECC cusp at different impact energies
in H+—He collisions.

This research work was supported by OTKA Grant no.3011.
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Versatility of the CTMC exit channels
in 3-body collisions

K. TOékési and G. Hock

In atomic collisions investigated in terms of the Classical Trajectory Monte
Carlo (CTMC) methods Newton’s (e.g., [1]) or Hamilton’s (e.g., [2]) classical (non-
relativistic) equations of motions are used for the three-body system of colliding
(bare or ‘dressed’) particles. These systems of coupled differential equations Eire
solved numerically for a statistically large number of trajectories with initial con-
ditions determined pseudorandomly.

We developed a CTMC computer code [3,4] for calculating total cross sections
of processes in atomic collisions, in which we assumed three bare particles to
have arbitrary masses and charges and the forces acting among the three bodies
were taken to be pure Coulombic ones. The projectile (particle 1) collided with
a target (particles (2,3) with the nucleus (particle 3) and electron (particle 2))
chosen always to be bound and characterized by means of Kepler orbits oriented
randomly in space [5].

In most of the CTMC calculations of atomic collisions in literature, only the
three main channels, the direct inelastic (involving the quasielastic), break-up and
simple rearrangement (such as charge transfer) channels are taken as final channels.
The splitting up of the phase space among the final channels is however, motivated
by the aim of the given tasks. Thus, one distinguishes sometimes between different
break-up processes e.g., direct, transfer [1] or saddle-point [6] ionization as well.

Following from the general assumptions on the three particles involved in the
collisions, we had to extend the categories of the final channels step-by-step, since
we observed various ‘non-regular’ cases. Among them, there appeared need to in-
clude the (positive / negative) particle exchange and quasibound 3-body (negative
ion / quasi-molecule) channels, too. These latters are alternatives of each other,
corresponding to the kinds of charges of the 3 particles. Finally, to our knowledge,
there is no direct proof to exclude the 3-particle bonding channel of a molecule.

Particle exchange processes were observed in a non-negligible amount for iden-
tical particles, while 3-body (quasi-)bound states are strongly ‘integration time-
dependent’ so their real existence need further careful investigations.

67



68

2 K. Tokési and G. Hock

Table 1. Test conditions for the final states considered. A plus sign means that the test
must be passed, a minus sign that it must not be passed, and a zero that it is not made.
The entries and quantities are defined as follows: D:= direct (excitation), DI:= direct
ionization, T1:= transfer ionization (ECC), CT:= charge transfer (EC), EX:= ‘negative’
particle exchange, TX:= ‘positive’ particle exchange, NI:= negative ion state, QM:=
quasi-molecular state, M0:= molecular state, Epe:= centre-of-mass energy of (pe) at
time i(+00), E T e~ centre-of-mass energy of (te) at time f(+00), Epp:~ centre-of-mass
energy of (Tp) at time t(+00), vpe:= velocity of the (pe) system in lab, vp  velocity of
the Target in Lab, e s&(rei)y.= 3-body relative energy, A, S, C relative positions of three
particles, Y 4, V fl, V c relative velocities of three particles, U:= total potential energy
of the electron in the total field of particles p and T, (/>= maximum value of u
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Total Cross Sections in fi+, m'*— H(ls) Collisions
G. Hock \ K. Tokesi \ H. Nakamatsu 2 and T. Mukoyama 2
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The collision systems p+, n£— H(Is) are treated in the 3-body Classical Trajectory
Monte Carlo (CTMC) approximation. The total cross sections of direct (excitation),
break-up (ionization), transfer and exchange processes (if any), simultaneously obtained
in the CTMC calculations are determined with (full 3-body) and without the inclusion of
the projectile—target potential (restricted 3-body). This latter case simulates the straight-
line semiclassical or plain wave Bom approximations.

.V w*V w*V 4

vk (e «.)

P OF ——

Fig.l. Total cross sections of the p+, #+— H(Is) collisions as functions of the
projectile velocity for full 3-body CTMC calculations. The projectile is:
a) \T, b) p+, ¢) n~, d) 7A+.
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The calculations were carried out in the Computer Centre of Kyoto University, Uji,
using the CTMC code written earlier [1]. These calculations are based on the 3-body
CTMC method by the authors [2,3] for bare Coulomb particles. Results are seen in Fig.l,
for the different projectiles and full 3-body case. No significant exchange processes have
been registered, therefore such data are missing from the figures. The excitation cross-sec-
tions (including the elastic channel), at the same time, amount to about 1-2 orders of
magnitude larger than the ionization and capture cross-sections.

These kinds of data may be instructive for e.g. muon catalised fusion calculations
or experiments, where the presence of these inelastic channels may influence the produc-
tive mechanisms in the fusion. The calculations may be extended to include real life times
of the decaying particles involved in the collisions and to determine channel probabilities
along with cross sections and towards various states and kinds of target atoms.

One of the authors (G. H.) expresses thanks to JSPS for offering a grant to carry out
the CTMC computations involved in this work.
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Al Ka satellite polarization measurements in
metal and in sapphir (A1203)

V. P. Petukhov x, I. Tordk, P. Zavodszky, J. Palinkas, L. Sarkadi

IMoscow State University, Institute of Nuclear Physics, Moscow, USSR.

In the last two decades several attempts were made to measure and calculate
the degree of polarization of X-ray satellite transitions [1-6]. Most of these studies
dealt with the K satellites of Al metal. It is expected that the degree of polariza-
tion of X-rays from an atomic species in different chemical environment (different
electron density in the neighbourhood of the radiating atom) will also be different.
We measured the polarization of Ti Ka satellites from metal and different titanates
(perovskite type crystal form) [7], but the resolution and statistics permitted only
to get an average value for the polarization of the whole KL1 satellite group of
metallic Ti. For aluminium we could get much better resolution and statistics,
therefore we started to determine the polarization for this metal and for one of its
oxides, sapphir.

Our Soller-type X-ray polariméter [8] installed on the beam line of the 5 MV
Van de Graaff generator of ATOMKI was used to measure the Ka satellites of
aluminium. A 99.99% purity aluminium metal disc of 1 mm thickness and a disc
of a sapphir substrate (used in semiconductor industry) of 0.3 mm thickness were
bombarded by 3.2 MeV He+ ions. The KQL°-KQL3 region was scanned several
times, and the spectra were summed up to obtain good statistics (about 16 000
pulse/channel for the metal, and about 2700 pulse/channel for the oxide in the
most intense peak).

The evaluation of the summed spectra by the EWA code [9] is in progress.
The nominal energies of the distinct satellite features like Ka> Ka3s, Ka4 [10] axe
used in the fitting. For both target materials, and for both measuring positions (i.
e. parallel and perpendicular relative to the incoming ion beam) the intensities of
the satellite features will be determined, relative to the Kai peak. The degree of
polarization will be calculated from these relative intensities. At the present stage
of evaluation it seems that for the sapphir the degree of polarization is smaller,
than for the metal.

The results of these measurements will be compared to the values obtained
from former similar measurements and theoretical estimations for Al metal [1-6].
Similar measurements have been performed recently in Berlin at the Humboldt
University, with the participation of one of the authors (V. P. P.),where the target
was also Al metal, but the bombarding particles were 350 keV protons. The ex-
periments were performed also by a polariméter of Moscow- design, and we intend
to use the same evaluation process for the spectrum fitting, etc..

This work was supported by OTKA, grant: No. 3011.
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The Rough Determination of Ti Kas and
Ka6 X-Ray Satellite Energies at lon
Bombardment

I. Térok, P. Zavodszky

When the energy resolving power of our Soller-type X-ray crystal spectrometer
was measured, a lot of K spectra of different elements from Mg to Cu have been
taken. Some of the satellites could be seen, e. g. for Ti. In the first evaluations
these satellites were not used, being rather weak, especially in the KL2 group, and
taken with not too good resolution. Later we needed the energy values mentioned
in the title of this paper, but we could not find them in X-ray line catalogs, like [1],
and in the current literature, either these or any other Kg5 and Ka6 lines for the
4th row elements. For Ti Hill et al.[2] gave an average energy of the KL2 satellite
group in the case of He ion bombardment: 4.5598 keV.

Therefore we decided to determine these values from our old calibration spec-
tra. The 3.2 MeV He-ion induced Ti KQ spectrum-scans were summed up, and
at first we graphically determined the values. As a test we also determined these
values from a paper [3], where only a rough figure contained the information we
needed. Fig. 2. of [3] gave a Ka spectrum of Ti bombarded by 125 MeV Xe8+ ions.
(From this source we could estimate also the rough energy values for Ka8 and
satellite lines as 4.5954 and 4.6127 keV respectively.) Table 1. gives the numerical
results from different determinations. Later using the EWA code [4], a third pair
of data has been got. Fig. 1. shows the spectrum from the He ion bombarded Ti,
fitted by the EWA. Equal width pseudo-Voigt peak shapes were used. The data
obtained from it are presented as the third row of the table. (It is interesting to
compare the manual and machine-made results.)

All these results are only rough estimations of the real value, because also
the M shell is ionized in the energetic collision, especially in the case of the Xe
ions. Several eV displacements are due to this effect. Even if the energy resolution
is much better, this problem remains. However, these approximate energy values
helped us in fitting the Ti spectra, when we were measuring the polarization degree
of Ti KQ satellites [5].

Table 1.. Ti Kas and K«6 X-ray satellite energies obtained by different methods.

Kas [energy iIn keV]a6

From Fig.1l. graphically 4.5621 4.5721
From Fig.2. of [3] graphic. 4.5662 4.5725
From Fig.1. by EWA 4.5627+2 _6eV 4_5701xleV

73



2 I. Torok, P. Zavodszky

Fig. 1. Ka spectrum obtained by an ADP analyzer crystal in the third order of reflection,
from He ion excited Ti metal. The nominal Soller-collimator divergence is about 0.3
degree.

In the meantime we got a finer Soller-collimator, so it is planned to repeat this
measurement by higher resolution and with better statistics.
This work was supported by OTKA, grant No 3011.
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PIXE with Crystal Spectrometer, Using
Different Orders of Reflection

I. Torok

Closely spaced higher order and lower order reflections can be used to deter-
mine element ratios. The method is based on empirical calibration curves giving
the K,, peak area ratios as a function of element (or its compounds) concentration
ratio. If the low intensity higher order peak comes from the major element and
the lower order strong reflection peak is originated from a minor element one can
determine efficiently a minor lower Z element in a sample of a major higher Z
element. As an example we have measured small amounts of Mg in the presence
of much Ca, using first order Mg Ka and third order Ca Ka lines. Such mea-
surements can be optimized by using proper analyzer crystal, efficient position
sensitive detector for the X-rays, selective excitation (performing measurements
at bombarding energies, where the cross section of X-ray production is at about
the maximum for the minor element), and by using low absorption materials in
the X-ray path (windows of detector and vacuum chamber, etc.).

The Mg/Ca ratios are important data for geologists for limestones. The so-
called dolomitization grade gives some information on the genetics of the stone, one
can conclude what type of water the stone was sedimented from. The durability
of concretes also strongly depends on Mg content.

First we recognised this possibility from a spectrum of a natural limestone
from the Bikk mountains (northern Hungary) [1,2]. We made a series of cali-
bration measurements on artificial CaCO3 + MgCC” mixtures at 2 MeV proton
bombarding energy [3-5]. Later a more precise series of measurements was per-
formed using 1 MeV protons.

Fig. 1 gives a spectrum obtained from an artificial CaCO3 + MgCC=>8 sample,
showing that without changing analyzer crystal (in our case ADP), one can get
well separated peaks. Fig. 2. shows a calibration curve deduced from spectra of
different composition mixtures of the two materials. Such measurements at the
moment are too expensive and difficult for geologists, who would like to get the
information in the terrain. At the same time for other element pairs, perhaps in
semiconductor industry or in materials science one can use the method efficiently,
because in these industries many small accelerators are already in use.

Further information on this method can be found in two recently published
work from our laboratory [6,7].

The high resolution PIXE method is available at many accelerators, but its
proper applications are not really found. 1 Perhaps from discussing as much ma-
terial as possible, a promising direction for the high resolution PIXE research can
be drawn.1

1 The author would like to prepare a review of the available systems and the applications
attempted to use them, therefore any contributions made in this field are welcome,
including reprints, preprints, research reports, personal views, etc..
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Fig.l. Third order Ca and first order Fig. 2. A calibration curve deduced from
Mg Ke peaks, taken by an ADP crystal measurements of different composition
from a CaCO3 + MgCCb mixture. mixtures of the two materials.

Acknowledgement. Thanks are due to Zs. Tiirk and A. Agoston for their help.
The stable ion beams produced by the crew of the Van de Graaff generator is highly
appreciated. This work was partly supported by the OTKA grants No. 1184-85,
and No. 576.
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lonization of H2 by proton impact
I. Single ionization

L. Nagy and L. Végh

The knowledge of the total and differential ionization cross sections is a basic
requirement for many fields connected with the interaction of radiation with the
matter. While in many cases, the irradiated material has some molecular struc-
ture, the available cross section values have been measured mainly for atomic or
simpler molecular targets. Generally, using the recommended cross section values,
the molecular character of the irradiated matter is neglected. Really, making some
binding energy modification to take into account the different binding energies
in atomic and molecular orbitals, the total cross sections can be well described
approximating the molecule as an entity of its atoms.

In paper[l] we investigate the approximation of molecular cross sections by
the sum of cross sections of the constituent free atoms. For the investigation we
have chosen the simplest diatomic system, the hydrogen molecule. We discuss the
problem why the assumption, that the molecular hydrogen is identical with two
independent hydrogen atom, is so successful in the description of proton induced
ionization cross sections.

To analyse the significance of two-center effects, we use simple Heitler-London
type molecular wave functions as a target vawe function to calculate the ioniza-
tion amplitudes. Single ionization cross sections of the proton - hydrogen molecule
collision are calculated in semiclassical approximation by using atomic and Heitler-
London like two-center molecular wave functions for ground state of H2- In tran-
sition matrix elements calculated with two-center wave functions the factors de-
pending on |r —p/2| (p is the vector of the molecular axis) are expanded into
Legendre series. The calculated cross sections are compared to the data and the
dependence of the cross sections on target wave functions are discussed.

The success of approximation using the twice the calculated cross sections for
hydrogenic atoms is explained by the dominance of monopolé contributions in the
expansion in terms of p. While for homonuclear diatomic molecules the differential
cross sections could be well described as twice of the atomic cross sections, for other
molecules such approximations may be inaccurate for the calculation of total and
mainly for differential cross sections.
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lonization of H 2 by proton impact
Il. Two-electron processes

L. Nagy and L. Vegh.

The cross sections for two-electron processes that occur during collisions of
fast charged projectiles have been reported recently by Edwards et al[l-3]. These
processes have included double ionization and ionization plus excitation chan-
nels. The projectiles interact with the H2 molecule forming dissociative states of
H2 + and H. mThe fragments that are ejected from these dissociative states were
analyzed[l-3] at specified angles relative to the beam direction.

Cross sections for the double ionization and ionization plus excitation of H2
by high-energy protons have been calculated in independent electron approxima-
tion as a function of orientation of the intemuclear axis of the molecular target.
The model is formulated using the semiclassical (SCA) approximation where the
projectile path is described classically. The ground state of the target is described
by Heitler-London type wave functions and the molecular orbitals for the excited
states of H2 are constructed from Slater-type atomic functions. We have restricted
ourselves to study of the double-collision mechanism when the projectile interacts
separatly with each electron to produce the final state.

The calculated cross sections have been compared to the data of Edwards
et al. The calculated and measured cross sections have the same magnitude for
double ionization but the contribution of other mechanisms involving electron-
electron interactions are relevant to reproduce the differences between the cross
sections induced by protons and electrons. The remarkable dependence of the
calculated cross sections on the target wave functions suggests that the model could
be improved by using more realistic H2 wave functions, too. For the excitation of
the 2pau, 2piru, and 2sag states the calculated cross sections are much lower than
the measured ones. The small values of the calculated cross section suggests that
the double-collision mechanism does not give the dominant contribution to the
amplitude of the ionization plus excitation processes. The details are discussed in

paper[4].
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Determination of a /32 > 0 value at the cusp
shape study in He+-He collision

/
L. Gulyés, L. Sarkadi, J. Palinkas, A. Koveér, T. Vajnai
Gy. Szabd, J. Végh, D. Berényi and S.B. Elston 2

1University of Miskolc, Physics Department, H-3515 Miskolc, Hungary

2 University of Tennessee and Oak Ridge National Laboratory, Oak Ridge,
Tennessee, P.O.Box 2008, USA

There are theoretical predictions [1,2] according to which at low impact en-
ergy values (less than several hundred keV), the /22 values in the series expansion
analysis [3] of the ELC cusp in the emitted electron spectrum should be positive.
The positive value of /2 means a so-called cusp inversion (cf. ref. 1,2).

The study of this phenomenon, however, is rather difficult. First of all, in the
case of He+ impact there is a possibility for an ECC contribution as well and so
to study the ELC cusp a coincidence arrangement should be applied (e-spectrum
in coincidence with He2+). In the impact energy region concerned, however, the
relative ELC contribution is only 5-10 per cent [4] and thus arather long measuring
time is needed to obtain experimental values of good statistics enough.

In this study we used the same experimental arrangement at the 1.5 MV Van
de Graaff accelerator of ATOMKI which was used before [4].

The singles and coincidence spectra were taken in the collision He+ (200 keV) -
He and they were analysed by the series expansion method in the cusp region of
the spectra.

In Table 1the values of the experimentally determined parameters are given for
the coincidence spectrum in comparison with the theoretical values. It can be seen
that the parameter /22 is definitely positive and its value is not in contradiction with
the theoretical values calculated in PWBA approximation with analytic Roothaan-
Hartree-Fock wave functions for the target electrons [5]. On the basis of the present
experimental data, however, the relative Is-2s contribution cannot be determined.

In this study a non-zero value of B\ was also found which is not allowed for
ELC cusp according to the first Born approximation.

Further details is given on the whole investigation in ref. [6].
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Table 1. Cusp-shape parameters R\ and Ri at #e+ (200 keV) impact determined on the
basis of electron - outgoing He+ projectile coincidence measurements

Target
He
exp theor.+
Is 23
Rr 0.28+0.10
R2 0.35+0.18 0.18 0.28

+ There is a possibility for the mixture of the proportion of the different initial
Is and 2s states [6].
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Determination of 3p and 3d core-level widths in
ammonium pertechnetate by internal conversion electron
spectroscopy

l. Cserny and L Kover, V. Brabec*, M. Fiser*, O. Dragoun* and J. Novak*
*Nuclear Physics Institute, Czechoslovak Academy of Sciences, 250 68 Rez near to Prague

The applicability and use of internal conversion electron spectroscopy (ICES) in the
determination of 3p and 3d core-level widths in metallic technetium have been
demonstrated in a previous study [1]. Here we present an extension of that work: 3p and
3d core-level widths in a non-metallic sample (NH4TCO4) have been determined
experimentally.

Source preparation and measurements [1] were carried out at Nuclear Physics
Institute, Rez near Prague. Peak positions, background parameters and FWHM values
have been determined by the EW A v2.23 program[2].

The 3d level widths have been determined from the comparison of M4, M5 ICES
spectra measured earlier [1] on non-metallic (NH4TCO4) and metallic Tc samples
assuming that these spectra are identical except for the difference in the lifetime
broadening, and the metallic state produces asymmetric line-shape in contrary to the
fairly symmetric lines observed from the non-metallic state. The pertechnetate M4, M5
lines were fitted by using Voigt line profiles and linear background. In the case of
metallic Tc M4, M5 spectra a more complicated model (Doniach-Sunjic profile
convoluted by a Gaussian and Tougaard background) was used. The overall widths
evaluated from the pertechnetate M4,5 lines are higher by about 0.1 eV than that of the Tc
M5 line (Table 1). This small change may be partially or completely caused by the
difference in the phonon broadening between the two samples.

The determination of 3p core-level widths in NH4TCO4 based on the assumption
that the shape of the M2 and M3 conversion lines (Fig. 1) is similar to that of the M5 line
except for the difference in the lifetime broadening. Folding the measured M5
conversion line with Lorentzians of different widths and comparing the line obtained this
way to the measured M2,3 lines, the difference between the M5 and M2 or M3 level
widths can be obtained (Fig. 2). The resulted value (2.05+0.1 eV) is very close to the
value determined earlier [1] for Tc metal.

Table 1. Core level widths and kinetic energy of conversion electrons determined in this
work compared with values obtained for metal[1].

Level width [eV] Kinetic energy [eV]
Level metal NH4TCO4 metal NH4TCO4
3pl/2 2.08(15)a 2.27(20) 1726.5(2)a 1721.3(2)
3p3/2 2.08(10)a 2.27(20) 1746.3(2)a 1741.2(2)
3d3/2 0.48(15)a 0.22(10) 1916.1(2)a 1910.8(2)a
3d5/2 0.13(10)a 0.22(10) 1919.9(2)a 1914.4(2)a

adata taken from Ref 1
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Fig. 1 The M2,3 conversion spectrum from a NH4TCO4 sample fitted by Voigtprofiles and
Tougaard background.

The pertechnetate level width values determined by us (Table 1) may also contain
an unknown contribution from phonon broadening. The corresponding value for Tc
metal was estimated at 95 meV [3].

Fig. 2 The M3 conversion spectrum from a NH4TCO4 sample compared to the M5 line
broadened by a Lorentzian havingan FWHM o0f2.05eV
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Coupled-States Model Calculations of the
L3-Subshell Alignment Induced by lon
Bombardment in Ag and U

L. Sarkadi and T. Mukoyama t

The subshell coupling effects axe known to influence the ionization of the L
subshells significantly, especially for heavy-ion impact. For the inclusion of these
effects into the standard first-order descriptions of the ionization process (PWBA,
SCA) the so-called coupled-states model has been developed [1]. The model is
based on the solution of eight coupled equations governing the time-evolution
of the L-substate amplitudes. The coupling effects are expressed in the form of
a correction factor (for each subshells), which can be applied to cross sections
obtained from an accurate first-order theory. Due to the great complexity of the
problem, the correction factors are determined using series of approximations. In
spite of the simplifications, the coupled-states model has been successfully applied
for the interpretation of measured subshell cross sections, subshell ratios, ionization
probabilities, and L3-subshell alignment.

Recent alignment measurements provided further possibilities to test the per-
formance of the model. Jesus and Ribeiro [2] studied the L3-subshell alignment
of uranium induced by protons and alpha particles in the energy range 0.35-1.00
MeV/nucleon by measuring the angular distribution of the L; x-ray line. They
compared the results of the experiments to our previous second-order SCA and
coupled-states model calculations. They concluded that the agreement between
the experiment and theory was good. Unfortunately, a firm conclusion could not
be drawn from their comparison, because the calculations had been made for gold,
and the use of the same alignment parameters for uranium was questionable.

Meierkord et al. [3] have measured b3-subshell alignment parameters for Mo
and Ag target following impact ionization by ions with atomic number Zj=2-18.
The measurements were performed with a high-resolution crystal spectrometer in
order to get information about the amount of the multiple ionization. Significant
deviations have been observed between the experimental data and the alignment
parameters calculated in a first-order theory. The deviations were attributed to
multiple ionization effects, as well as to possible subshell coupling effects.

To analyse the results of the above experiments theoretically, we have per-
formed coupled-states calculations for p, He, N on Ag and p, He on U collisions.
Making the calculations we have applied several further approximations to im-
prove the model. For example, according to the suggestion of Legrand et al. [4],
we used such renormalized interaction matrix elements, which were in accordance
with the experimental binding energies of the united atom in the limit of the very
slow, adiabatic collisions. A significant improvement in the description of the ex-
perimental data was achieved correcting one of the basic assumptions of the model
connected with the energy transfer to the ionized electron. Until now only excita-
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tions with minimum energy transfer were considered, in the modified version these
were replaced by excitations with an average energy transfer.

The calculations reproduced the main tendencies of the experimental data, but
the agreement is only qualitative (for uranium see fig.l.). Further improvement is
expected replacing the non-relativistic hydrogenlike wave functions in the model
by more realistic ones.

Fig.l. The L3-subshell alignment parameter of uranium for proton (a) and helium (b)
bombardment as a function of the relative collision velocity. The experimental data are
from Jesus and Ribeiro [2]. The dashed and the solid line denote the PWBA and the
coupled-states theory, respectively.
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Wear Measurement of Cutting Edges of Superhard
Turning Tools

I. Mahunka, S. Takécs, I'. Ditr6i and L. Vasvary

During last years the conditions for introducing superhard cutting tools in
machinery industry increased rapidly. The most important demands for using
superhard cutting tools are as follow:

- high cutting speed,;

- high accuracy of machining;

- high quality of machined surface.

To fulfil these demands one first of all should have the possibility to measure
and monitor ("on-line™) of the wear of the cutting edge with high accuracy.

Our group started a project to develop a method and instrument for
measuring and monitoring of the wear of superhard cutting edges of turning tools
by using nuclear method.

The cyclotron based Thin Layer Activation (TLA) method was used to
measure the wear of the cutting edges. The investigated tools were made from
Boron Nitride (BN) and industrial Diamond (DIA). At the first step the cutting
edges were irradiated with proton beams. The irradiation geometry was chosen to
produce a cylindrical (0200 aT) activated volume, parallel to the main axis of the
tool. The position of the cutting edges relative to the collimator was checked under
microscope. Due to several considerations (irradiation damage of material, depth
distribution of generated activity, target material, nuclear reaction, possibly short
irradiation time, ... ) Ep=8.0MeV for DIA and Ep=5.4MeV beam energy for BN
was used. The beam current was kept at 10 nA. In the BN material 7Be isotope
(T12=53.3 d) was produced via 10B(p,a)7Be reaction. In the case of DIA 56Co
isotope (T12=77.7 d) was produced via 56Fe(p,n)56Co reaction from the iron content
of the material that fills in the gaps and keeps together the diamond particles in the
DIA.

The realistic wear of cutting edges was simulated by grinding away of the
activated volume step by step on diamond wheel. Wear of back surface of the
turning tools were measured by microscope and the residual activity by gamma-
spectrometer after each step of grinding.

Using this method an activity-wear calibration curve was produced for both
the BN and DIA materials. Calibration curves for BN materials measured with
scintillation and HpGe detectors are shown in Fig. 1. It is easy to see that the low
cost scintillation technique gives a result as good as the HpGe system.

Analyzing these curves one can see that the irradiation geometry used results
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low sensitivity for the early stage of wear, but the rapid increase of the incline of
the calibration curve at the end of measured interval indicates high sensitivity. This
fact makes possible to detect the moment, when the tool has worn out and must be
changed. Using these calibration curves it is possible to monitor "on-line" the wear
of tuning tools.

Changing the irradiation geometry is the way to modify the activity
distribution and the shape of the activated volume as well as to increase the
sensitivity of the method to measure the actual wear of the working tool.

This work was made in cooperation with the Department of Technology in

Machinery of the Technical University of Miskolc.

Figure 1. Calibration curves for BN material measured by HpGe and Scintillation spectrometers
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Thick dead layer in a Si(Li) detector

G. Kalinka

There has been a puzzle for a long time about the ultimate limit of undepleted
uncompensated p-type Si layer thickness in Si(Li) detectors and on the nature and
structure of so called dead layers assumed to be responsible for low energy tail and
shelf (see for example Campbell’s review article [1]).

As a contribution to solving this problem we have investigated the response
of a Si(Li) detector to ArK X -rays as a function of detector bias. The particular
detector chosen had earlier been left uncooled for a couple of years thus, like most
other Si(Li) detectors, had extremely thick decompensated p-Si layer providing us
a unique possibility to “tune” the dead layer thickness in very wide range by the
applied detector bias Ud-

The Ar spectra aquired were fitted by sum of Gaussian photo (P), escape
(ESC) and silicon (Si) peaks as well as smooth polinomial (at lower bias) or a
more or less flat continuum (S, at higher bias). The residue left to P was considered
as tail (T) of the ArK line. By extrapolation of photopeak intensities P(Ud) to
Ud —»00 a P° value was determined and photo dead layer thickness was defined
according to P/P° = exp(-px”). Note that x" defines the boundary between the
complete charge collection (CCC, rj = 1) and incomplete charge collection (ICC,
0 < 7 < 1) regions. On the other hand, by a simple model it was proved that at
lower biases (below full depletion) the ICC region coincides the undepleted part
of the decompensated p-Si which had been formed dmring the long term storage
at room temperature. The total decompensated thickness was ~ 45 pm, while the
depletion voltage was ~ 420 V. Varying the bias from 200 to 1000 V , Xj changed
from 15 to 0.25 pm.

From the dependence of all the spectrum components (P,T, S, ESC, Si) and
their sum (TOT) on x% the following conclusions have been reached:

(I) There is a transition region between approximately x%= 14- 2pm, below
this no undepleted p-Si exists.

(I1) In the upper x% range the undepleted p-Si layer (0 < g < 1) can be divided
into two regions : (i) adjacent to the metal-semiconductor interface () = 0) there
is a completely inactive region with no charge collection at all (NCC, 7 = 0)
with thickness x£, (ii) next to it from x$ to x% is located the "true” ICC* region
(0 < m< 1)

As a consequence only in this case can be detected fluorescent Si line origi-
nating from the window. The 3 dimensional model derived for the SiK intensity
assuming NCC as the source and ICC* as an absorber fits the experimental obser-
vations quite well. A similar model for the relative escape intensity ESC/P, with
CCC as the emitter and ICC* as absorber, however, does not seem to be as good :
experimental points suggest NCC + ICC* = ICC to be the absorber. The ”shelf’
component S shows an approximate linearity with up to 1/fi ~ 4pm, but it
seems unlikely to vanish as x% —0.
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an! In the lower dead layer region where there is no NCC region except for
an infinitesimal MOS interface with assumed high surface recombination rate [2]
it is the T tail component which seems to be assigned to photons absorbed in the
ICC layer for we observed T = TOT[1—exp(—px%)\.

In order to get more information about the nature of dead layers additional
measurements of S/TOT and T/TOT ratios versus energy were made at x% values
of 0.3 and 8 pm (low and high region, respectively) as shown in Fig. 1. (The tail
could not be determined with certainty due to the high shelf at 8 pm.) Detailed
analysis of this figure will be given elsewhere.

Fig. 1. Tail/total and shelf/total intensity ratioes vs photon energy for a Si(Li) detector
at 300 V (x% = 8pm) and 1000 V (x% = 0.3/xm) biases
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A Si(Li) detector with improved low energy
response

G. Kalinka

Though in principle a semiconductor detector with bulk trapping only must
have true Gaussian line shape at low enough photon energies, real X-ray detectors
always exhibit more or less severe low energy tailing and shelf due to near surface
interactions [1, 2]. This is pronounced at low penetration depths typically just
above the K or L absorption edge of the detector material.

There have been simultaneously investigations [3-5] on the nature and origin
of the so called dead layer responsible for the surface effect and a continuous effort
for diminishing it by appropriate entrance window technology [6-9].

On the basis of previously published works in the field of Si detectors and of
metal-semiconductor interfaces [8-15] we have been developing modified Schottky
barrier with conventional polarity (entrance electrode is negative) for Si(Li) de-
tectors with improved low energy response. The best result to date is shown in
Fig.l.: a K X-ray spectrum of elemental phosphorus excited by 55Fe together with
the fitting components of the PKO0 line. The best fit was achieved by the following
function. .. . .
F(i) = GO(t) + G\(i) + T)(r) + S(i) + B(i)

where GO(i) denotes the main Gaussian, G\(i) a second Gaussian, Tj(i) an
exponential tail of Gi(z), the latter two both responsible for the skewing (tailing) of
Ga(i) while S(i) is the standard shelf component and B(i) is a general background
caused by the excitation source (note the gap between the main Gaussian and its
tail components).

The line and component parameters are given in Tables 1. and 2. It is worth
noting that the total degraded event fraction (Gi +T\ + S) is 5.3 % which corre-
sponds to an equivalent affected silicon layer thickness of about 0.08 /nn.
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Fig. 1. A phosphorus K X-ray line taken with improved entrance window Si(Li) detector

PKat/3 PKa measured/true Gaussian
FW 05 M 106 106 1.00
FW 01 M 218 194 1.83 : 1.82 = 1.005
FW 0.01 M 381 323 3.05 :2.58 = 1.18
FW 0.001M 633 500 472 :3.16 = 1.49

Table 1. Width parameters in eV of phosphorus K lines shown on Fig. 1.

Go Gi Ti S
FWHM (eV) 106 86 -
AREA 0.947 0.037 0.005 0.011
Eo-E (eV) - 90 165

Table 2. Parameters of PK<* line components
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A line shape model of planar Si(Li) X-ray
detectors

G. Kalinka

It is well known that bulk trapping of charge carriers in semiconductor de-
tectors degrades the line shape. The effect is more pronounced at higher photon
energies where the penetration depth is comparable to or more than the thickness
w of the detector due to the position dependent charge collection efficiency and
its statistical fluctuation.

The basis of presently used line shape models is the equation established by
Trammel and Walter [1]. McMath and Martini were the first to involve into the
equation position dependent variance as extracted from their experimental inves-
tigations on Si(Li) and Ge(Li) detectors [3]. Later these models were succesfully
applied to large coaxial HPGe detectors without [4] and with taking into account
ballistic deficit [5] but still using empirically determined expression for the signal
variance due to trapping.

Now for the first time we present a model for planar Si(Li) X-ray detectors
using theoretically derived variance assuming:

constant and homogeneous electric field, charge carrier mobilites (//, = const.,
i = e, h), trapping with no detrapping (r,+ = const, Tw, = o0o) and mean free path
(A; = const.) respectively, as a consequence.

The line shape is given by the modified Trammel-Walter equation:

w 1 2
dN(EOQ,E) _ P(EOX) — —-= exp (E -4(x)EOQ) dx (0
dE Jo > o(X)y/2n 202(x)
where P(Eo0,x) is the absorption probability density function:
B(Eq %)~ N(EQ exp 3, (Eo)(w - ] 2
1- exp [fi(Eo)w ]
r)(x) is charge collection efficiency:
Nx) = — 1—exp(—W_X +h 1. exp(-— (3)
w w

and the total variance is 82{x) = 8& + 88 + 8ll(x) , where 82t and 88 are the
contributions due to charge creation statistics and electronic noises respectively,
while that from the charge collection is :

AcolO) = Eof

1 (4)

The flow diagram of line formation is illustrated in Fig.l., while in Fig.2. the
effect of trapping assymmetry on line shape is shown under the following condi-
tions: Eo = 59.56 keV, 1—rj = 0.0067, assymmetry is characterised by ye/yh, with

Y, = Aw .
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Fig. 1. Hlustrative flow diagram of line shape formation

Fig. 2. Effect of trapping assymmetry on line shape (for details see the text)



A line shape model ... 3
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Calibration of electron spectrometers using Tc internal
conversion sources

L. Kovér

For obtaining analyzer functions of electron energy analyzers used for surface analysis,
the following requirements should be considered regarding the electron sources applied
for calibration:

- Electrons should be emitted isotropically and homogeneously from a solid sample
in the same sample-analyzer input geometry as in the case of the surface analytical
measurements.

- The width of the energy distribution of electrons from the calibration electron
source should be much smaller than the energy broadening caused by the analyzer.

- If possible, the number of the electrons emitted from the calibration source should
be determined with high precision.

On the basis of these requirements new methods are proposed for resolution and
efficiency calibration of electron spectrometers.

Internal Conversion Electron Spectroscopy (ICES) of h Tc sources (combined with
XPS measurements for a precise energy calibration) provides a unique tool for both
resolution and absolute efficiency calibration ofelectron spectrometers. The 2.2 keV energy,
highly (99 %) converted nuclear transition from a long lifetime isomeric state to a prompt
decaying intermediate nuclear state induces narrow energy width electron peaks [1] and other
appropriate conditions (for e-y coincidence experiments) are available as well for using
these lines in various calibration methods.

Resolution calibration
Q

The lineshape of the : Te M4Ms internal conversion lines has no contribution from
X-ray excitation in contrast with XPS lines available for calibration. The respective core
hole lifetime broadenings can be determined from independent measurements [1,2] and
in the case of NH4TCO4 samples symmetric lineshapes can be obtained. For determination
of analyzer functions, the measured M5 spectrum can be deconvoluted of contributions”]
due to the M4 line and to the inherent (Lorentzian) lifetime broadening and the remaining
part can be fitted e.g. with a Gaussian.

Absolute efficiency calibration

The aim of the procedures to determine the ratio rj of the number Nd of the detected
electrons to the total number Nt of the monochromatic electrons leaving the sample surface
in 2n solid angle, “=Nd/Nt. Measuring the respective internal conversion electrons in
coincidence with the y-ray photons which are following the decay of the nuclear isomeric
level (Fig. 1), the absolute number NO of the decays per unit time can be determined.
Methods: a) 4n R —y coincidence measurements of monolayer "™ mTc samples

following the respective calibration ICES measurements.
For a simple two-stage R -y decay:
NB =No ERB
Ny =No Ey -* No =NR Ny/Nc (1)
Nc =No ER Ey
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where Ny3y,c denotes the numbers of the measured counts in the electron, the gamma
and the coincidence channels, respectively, and ERy refers to the efficiencies of the
respective detectors.

For the case of " mTc, (1) is shown [3] to be valid, with: No(observed) -» NO(*'true™),
ifer -*1.

Varying e (the discriminator level of the An & proportional counter) and
extrapolating to ER = 1, NO(*'true') can be obtained [3] from (1), with a precision better
than 1%.

The number Nt of the M5 conversion electrons emitted (per unit time) during the
calibrating ICES measurements is:

N°=Nt *Aj*R*e t/TI/2 (2)

where a/(1+a)=0.88 [3] is the probability of the IC process (as opposed to the y-ray
emission) in the 2.2 keV transition; R is the relative probability (branching ratio) of the Ms
conversion in the same transition; n/2 =6.0 h (half lifetime of the isomeric state); and t is
the time interval elapsed between the calibrating ICES and the succeeding kR -y
coincidence measurements.

b) Measurements of a selected subshell conversion electron (e.g. Ms) peak with the
electron spectrometer in coincidence with the respective y photons using a "built in"
scintillation y-ray detector.

Z = NCINy (3)

In both cases, by choosing different subshell IC peaks and using calculated values [4]
forg, the energy dependence of the spectrometer efficiency can be determined.
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Preliminary Results on Multiple Angular
Detection Auger Spectroscopy

J. Cazaux *, T. Bardoux * D. Mouze * J.M. Patat *

G. Salace *, X. Thomas *, J. T6th

From elementary calculations of the Auger signal intensities issued from a
specimen at 2 different take-off angles G\ and @2, it is shown that the simultaneous
acquisition of these spectra allows to distinguish between homogeneous alloys and
stratified samples. It also signs the presence of topographic effects.

The preliminary results confirm the potential of the Multiple Angular Detec-
tion Auger Electron Spectroscopy (MADAES) that can be developed by using only
one analyzer of CMA type. Further developments are also indicated in our paper
(title and authors: see above) presented at ECASIA 91 (European Conference on
Applications of Surface and Interface Analysis, 14-18, Oct, 1991; Budapest, Hun-
gary) and to be published in SIA, (Surface and Interface Analysis), ECASIA 91
Proceedings.

The references in that paper are the followings:

1 M.M. ElI Gomati, M. Prutton, B. Lamb and C.G. Tuppen: Surf. Interf. Anal.,,
11 251 1988

2. I.LR. Barkshire, M.M. ElI Gomati, J.C. Greenwood, P.G. Kenny, M. Prutton and
R.H. Roberts: Surf. Interf. Anal., 17 203 1991

3. J. Cazaux, O. Jbara, K.H. Kim: Surf. Sei., 247 360 1990

4. L. Reimer in Scanning Electron Microscopy, Springer Series in Optical Sciences,
Springer Verlag, 1985 -P-

5. C.J. Harland, G. Cox, D.J. Fathers, P.S. Flora, M. Hardiman, G. Raynend,
M. Whitehouse - Yeo and J.A. Venables: Inst. Phys. Conf. Series, 90 9 1987

6. D. Briggs and J.C. Riviere in Practical Surface Analysis by Auger and X-Ray
Photoelectron Spectroscopy edited by D. Briggs, M.P. Seah, John Wiley and Sons
1983 Ch3

7. M. Prutton, M.M. El Gomati and P.G. Kenny: Electron Spectros. Relat. Phenom.
52 197 1990

We have some new results on ultrathin layers (20 A) of epitaxial erbium silicide
(prepared by LEPES-CNRS, Grenoble) as an application of MADAES.

An other part of our angular dependent experiments are inner shell EELS (Elec-
tron Energy Loss Spectroscopy) on graphite specimen concerning the momentum
transfer relating to transitions of C Is—=n* and Is—a*.

These results will be presented in a paper entitled "Double detection angulaire
en spectroscopie Auger et pertes d’energie” (in French) by Bardoux T., Toth J.,
Salace G., Mouze D., Patat J. M., Thomas X., Cazaux J., at the Journées Surfaces
et Interfaces, Nice-30 et 31 janvier 1992.

*LASSI (Laboratoire d’Analyse des Solides Surfaces et Interfaces) BP 347 Faculté
des Sciences 51062 Reims Cédex France



Energy Dispersive X-Ray Spectrometer for
Archaeological Use

M. Kis-Varga, P. Kovacs, G. Kalinka, S. Fekete * J. Szadai,
and L. Kolt6 2

IDIGITMODUL Ltd., Debrecen
2Kaposvar Museum, Kaposvar

In the ATOMKI, in collaboration with the Kaposvar Museum, we have since
many years been investigating the composition of archaeological objects (mostly
bronzes, silver- and golden alloys) by XRF analysis [1]. Utilizing the experiences
gained during that work an energy dispersive XRF spectrometer has been in-
truduced in the Kaposvar Museum. This is the first analytical equipment of that
type in a Hungarian museum.

The spectrometer is based on the ATOMKI NZ-860 Si(Li) detector and NZ-
853 pulse processor which is connected to an IBM AT through an analogue-digital
converter board developed for that purpose. The data acquisition software [2]
provides usual multichannel analyzer functions: timing, setting up measurement
parameters, spectrum accumulation, energy calibration, identification of elements
by KLM markers, simple peak evaluation by ROIs, storing of spectrum- and result
files, etc.

The XRF program calculates the composition by using the fundamental pa-
rameter approach. The built-in automatic element identification routine provides
easy operation for the analyst. Although the x-ray yields are simply calculated in
ROI windows, and only experimentally determined overlap corrections are used
if necessary, the concentrations achieved are in good agreement with that of us-
ing the intensities provided by least squares fit of AXIL code [3] (see Table 1.).
The spectrometer has been tested with known composition stainless steel, brass,
bronze, silver and golden alloys. The accuracy of analyses satisfies the requirements
for classification of archaeological findings.
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Table 1. Concentrations calculated by using x-ray intensities of ROIs (a) and that of
achieved from least squares fit with AXIL [3] code (b).

Specimen Element Concentration (w/w)
a

Brass No.l. Cu 58.5 58.7
Zn 39.6 39.6
Pb 1.8 1.7

Brass No.2. Cu 57.8 58.0
Zn 39.9 39.3
Pb 2.3 2.1

Stainless Cr 18.8 18.7

steel Fe 65.8 65.0
Ni 12.7 13.2
Mo 2.8 2.6
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Energy Dispersive X-Ray Spectrometer with
Reduced Background

M.Kis-Varga, G.Kalinka and P.Kovacs

Preliminary results in improving the detection limit of our x-ray spectrome-
ter achieved with a recently installed Siemens Kristalloflex 710H x-ray generator
and Mo-tube are presented here. Most of the background in tube excited XRF
spectra arises from elastic and Compton scattering of the primary photons by the
specimen. To improve the detection limits the background has to be significantly
reduced. The application of polarized x-rays for background reduction has been
published by many authors [1-8].

We used the classical Barkla principle for polarization: if the unpolarized beam
is scattered at a 90° angle from a low Z amorphous target (Be, B, C, etc.) the
scattered beam will show linear polarization. Using this radiation for exciting
characteristic x-rays in the three-axis geometry proposed by T.G. Dzubay et al [1],
where the paths between the source, polarizer (or secondary target), sample and
the detector represent three mutually orthogonal vectors, the scattered background
will be highly reduced.

To somewhat compensate the intensity loss caused by polarization process
we have constructed a compact irradiation block with the path lengths as follows:
tube window-polarizer (secondary target) 20 mm, polarizer-sample 35 mm, sample-
detector 15 mm. In order to accomplish this geometry we had to modify the
detector cryostat (product of the Institute of Instrumental Technique of the Czeko-
Slovakian Academy of Sciences, Brno [9]). The new cryostat is more flexible: it can
be used from horizontal up to 45° upwards.

We have tested our three-axis geometry XRF system with boron-nitride and
graphite polarizers as well as with different secondary targets (Mo, In, Sh, etc.).
Fig. 1 shows the x-ray spectra of Soil-7 IAEA standard reference material as mea-
sured by using graphite polarizer in 2-axis geometry (the primary, the polarized
and the fluorescence beam propagate in the same plane) and in 3-axis geometry
as well. The drastic improvement in the scattered background is obvious. In Fig.
2 the detection limits as a function of atomic number are compared for 1-125 ra-
dioisotope and tube excitation with In and graphite targets. The polarized tube
excitation gives cca 2-5 times lower detection limits and decreases below one ppm
level at medium atomic number elements.

Further improvements are expected after optimizing the target materials and
their thicknesses, proper filtering the primary beam and replacing the detector
crystal with a better one ( the present detector has an intense low energy tailing
as seen in Fig. 1 below 10 keV).
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Fig.l. The Soil-7 x-ray spectra excited by graphite polarizer. Upper: 2-axis geometry,
lower: 3-axis geometry.

Fig. 2. Comparison of detection limits for 1-125 radioisotope and tube excitation (Mo
anode/ln and graphite target, respectively).
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Si(Li) Detector Line Shapes at Medium
X-Ray Energies

M. Kis-Varga and J. Végh

The response functions of Si(Li) x-ray detectors has been widely investigated
[1-8]. Although many different model functions has been succesfully tested and
proposed for routine use, the physical mechanism of detection is still not well
understood. The line shapes axe described mostly by semiempirical equations in-
cluding Gaussian shaped full energy and Si-escape peaks, a flat continuum (shelf)
from zero to the full energy and a tailing function on the low energy side of the
photopeak.

The line distortion is particularly significant at low x-ray energies due to near
surface interactions in the detector crystal [5-8]. At medium or higher energies
(above 15 keV) the line shapes of x-ray fluorescence spectra are strongly influenced
by Compton scattering of fluorescence radiation in the sample [4,5].

We have been studying the XRF spectrometer response in the energy range
of 2 to 30 keV for different Si(Li) detectors constructed in our laboratory. Pure
metals and light matrices containing one element at 5000 ppm level were excited
by 1-125 isotope and by low power x-ray tube as well. The characteristic K-lines
were fitted by using the computer code EWA [9]. The peak shapes were described
by a modified version of Hypermet function [1]:

Yi = YO * (G fauas -- E TSRt + iy + kel

where Gi denotes the Gaussian photopeak, E, is the Gaussian escape peak, C,
includes the short term and long term exponentials of Hypermet, as well as the
truncated shelf proposed by J.L. Campbell et al, [4] for the Compton scattered
part, Pi is a Shirley-type function [10,11] which describes the flat continuum from
zero to the full energy.

Using the above form excellent fits have been achieved in the whole energy
range except for thick and light matrices above 15 keV, where in many cases better
fits have been realized by using a broad Gaussian instead of truncated shelf for
fitting the Compton scattered region (see Fig 1.). Our studies have also shown
that the area ratio of this component to the main Gaussian varies strongly with
sample matrix and thickness.

The details of our line shape studies (e.g. the influence of instrumental and
matrix parameters on the response function as well as the comparison of line shapes
for different detectors) will be published elsewhere.
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Energy(keV)

Fig. 1. The fit of Compton-tails of Mo K-lines with Gaussians.
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Combined Applications of the PIXE and
PIGE Analytical Methods

I. Borbély-Kiss, Zs. Filop, A.Z. Kiss, E. Koltay,
E. Somorjai and Gy. Szabo

Aerosol research

During this year a regular aerosol sampling has been continued in collaboration
with Central Institute of Atmospheric Physics. Samples of atmospheric aerosol
particles collected in Budapest (two sampling stations), in a rural site (K-puszta)
and in Debrecen (ATOMKI) were analysed up to 22 elements (Al, Si, P, S, Cl, K,
Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Ba, Pb) by PIXE method.
They were searched for light element contents, especially boron and sodium by
PIGE.

Balneology

PIGE trace element analysis has been performed from hot wells of the hydrothera-
peutical thermal baths Zséri (Mez6kovesd) and Hajduszoboszlé. Special emphasis
was given for the determination of their Li content.

Archeology

The determination of elemental concentrations of ancient glass pastes has been
continued this year. On the collection of 26 specimens reported in our last year
annual report [1] a complex mathematical study, a cluster analysis has been per-
formed. The resulted dendrogram displaying the levels of similarity among the
specimens supports the classification made according to the pattern seen on the
glass sealings.

1. I. Borbély-Kiss, Zs. Fuloép, T. Gesztelyi, A. Z. Kiss, E. Koltay and Gy. Szabo,
Atomki Annual Report, 1990, p.81.

103



Thermally activated flux motion in
Bi(Pb)SrCaCuO thick films

K. Vad, S. Mészaros and N. Hegman

A mechanism of energy dissipation generated by DC transport currents in su-
perconducting Bi(Pb)SrCaCuO screen-printed films was studied. Current-voltage
characteristics were measured by the standard four contact method using both
continuous and pulsed transport currents. We studied the magnetic field and tem-
perature dependence of current-voltage characteristics for different film widths
systematically. The magnetic field and temperature ranged from 0 to 10 mT and
from 5 to 120 K respectively. Some peculiarities of the current-voltage character-
istics were observed. The film carrying a current that was slightly higher than its
critical current was found to be in an instable state. The weakly pinned vortices in
intergrain Josephson junctions started to slip, which caused some energy dissipa-
tion in the film. This phenomenon appeared in current-voltage characteristics as a
linear part just above the critical current. At higher currents the voltage increased
much faster and the characteristics became strongly nonlinear. A clear distinction
could be made between the critical current limitation caused by flux creep and the
current value, at which the curve started to be strongly nonlinear. The difference
between these two dissipation mechanisms was demonstrated by measurements of
quantum interference patterns of an appropriate film.
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Complex AC susceptibility of high-Tc
superconductors in the RF range

S. Mészaros, N. Hegman and K. Vad

The AC susceptibility measurement is a good method of obtaining informa-
tion about the magnetic behaviour of high-Tc superconducting materials. The
measurements are usually performed in the frequency range from a few kHz to a
few hundred KHz and in the microwave region. Much less experimental informa-
tion has been gained in the RF range. In order to get a more complete picture
we performed complex AC susceptibility measurements in the frequency range of
5 to 500 MHz. The experimental arrangement consisted of a low loss 50 Ohm
RF cable shorted by a low inductance Helmholtz coil. This coil generated the ex-
citation field using the cable in n\/4 resonator mode. The generated magnetic
moment of the sample was detected by a pick-up coil placed around the sample
located in the centre of the Helmholtz coil. The pick up coil signal was connected
to the 50 Ohm input of a high frequency lock-in by a coaxial cable. In-phase and
quadrature components of the signal were detected by the lock-in and analysed
by a computer to deduce the two components of the complex susceptibility. The
probe was immersed into an experimental chamber, where the temperature and
the static magnetic field could be regulated. AC susceptibility was studied as a
function of excitation amplitude, frequency, temperature and static magnetic field
for high temperature superconducting powders, ceramics and single crystals of
YBaCuO and Bi(Pb)SrCaCuO.
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Radon measurements in Hungarian karstic
regions®

J.Hakl, I.Hunyadi, 1.Csige, G.Géczy “, L.Lénart b, I.Tor6esik ¢

“E6tvos Lordnd University, Dept, of Physical Geography, Budapest
6University Miskolc, Dept, of Hydrogeology and Engineering Geology
“University Medical School, Institute of Forensic Medicine,Debrecen

Starting from 1978 continuous radon observation was performed at about 150
sub- and near-to-surface monitoring stations in different substances (cave air, soil,
water) of Hungarian karstic regions. The radon activity concentration was regis-
tered by monthly changed nuclear track detectors using diffusion cups. The mean
value of the obtained time series fall in the range of 0.2-14 kBqg/m3. In cave air,
typically, summer maxima and winter minima were observed, their ratios fall in
the range of 2-50. The soil gas measurements performed above a cave showed max-
ima in winter and minima in summer. In a few cases the radon content of waters
was strongly related to the yield of the feeding stream.

All these phenomena are strongly connected with the geology of the investi-
gated areas. Karstic caves are generally situated in highly fractured rocks with a
few ’entrances’, where some of them are only a complex of small openings and
fissures. Such a configuration is favorable for emerging an air circulation through
this fracture system. In first approximation, the strength of these air motions is
proportional to dT/f, where dT is the temperature difference between the cave
and outside air and f is a friction factor. These 'winds’ in a seasonally changing
direction wash out the air from the radon rich fracture system of karstic terrains.
If this washing out process is taking place in the direction of rock or soil surface
—pfracture system —»galleries —»entrance then an increased radon level can be
measured inside the caves. This is typical for summer in our country. In winter,
when the flow direction reverses, the fresh atmospheric air dilutes the radon con-
centration in the caves. It is interesting to note that, according to this model,
in the winter season an increased radon exhalation can also be expected on the
surface. These winter maxima were detected at the ’top’ of the biggest Hungarian
vertical karstic cave system (Istvanldpa), in a few m deep vertical fracture and
covering soil above the Hajndczy cave and in some potholes in the Mecsek region.
It is worth mentioning that due to gravitational reason in all these cases only
minima could be expected in winter. The dilution effect of colder atmospheric air
is reflected only in the smaller amplitudes of these winter maxima. The most con-
vincing experimental results are presented in Fig. 1. The last three year section of
mean radon concentration observed in the air of the Hajndczy cave (a) is shown
together with the radon concentration measured simultaneously in the surface soil
(b) and in the air of an open fracture (c) on the upper side of the hill, where the
cave is embedded. Approaching deeper parts of the karst, the strength of these
winds decreases due to their 1/f dependence. In passages of a deep karst it also
may cause lower radon activity concentration values. Due to saturation effects the
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amplitude of changes will also decrease. Indeed much lower activity concentrations
were found in the deep parts of the narrowest vertical caves in Hungary (Szepessy,
Istvanldpa), where the seasonal change was found also to be negligible. From the
point of view of ventilation these caves can be considered as the most closed for-
mations. In the longest and biggest cave of Hungary (Baradla), more effects take
place simultaneously, which influence the radon concentration and finally in time
and space a well balanced level is formed. These measurements showed that in
kaxstic regions the structurally controlled convective radon transport is dominant
over diffusive transport. Radon dissolved in circulating subsurface fluids migrates
over a longer distances along caverns and fractures, depending on the velocity of
transporting medium. Two important radiological consequences follow from the
periodical behaviour of this karst breathing: In the radon concentration of the air
of caves and mines used also for speleo- and balneotherapy big differences can
occur between the summer and winter values consequently in the radon exposure
received by the patients. On karstic terrains a notably increased surface exhalation
can be expected seasonally, which may enhance the indoor radon concentration of
houses built on this region.

Fig. 1. Variation of the radon activity concentration in the air of a Hajnéczy cave (a),
in the surface soil (b) and in the air of an open fracture (c) on the upper side of the hill,
where the cave is embedded.

This work was supported in part by the Hungarian Academy of Sciences,
National Scientific Research Funds (OTKA), contract No. 3005.

AShortened from the paper presented at the 5th Int. Symp. on Natural Radi-
ation Environment, Salzburg, Austria, Sept. 22-28, 1991.
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Geochronological studies with the K /Ar
method in 1991

/
K.Balogh, E. Arva-Sés, Z Pécskay

A number of publications submitted in earlier years appeared in 1991.

An age of 156.8 + 3.9 Ma has been established for the hydrothermal alter-
ation and ore mineralization of the Kelasuri Massif, NW Caucasus, Georgia [1].
Two distinct phases, 8-12 Ma and I-2Ma, of the basaltic volcanism in the Bao Loc
and Dilinh areas (Vietnam) were distinguished, and it has been demonstrated that
bauxitization is connected only to the older phase [2]. Tertiary volcanic rocks in
East Styria and Burgenland have been dated. The oldest ones are the trachyan-
desites (13-14 Ma) of Weitendorf and Gossendorf, 10.5-12 Ma has been measured
for the alkali basalt and diabase of Oberpullendorf and Pauliberg. The nephelin
basaltic activity lasted from 3.7 to 1.7 Ma B.P. [3]. In the Drava-basin K/Ar age of
<2fi illite gave the age of the last tectonic-thermal event (cca 30 Ma) correspond-
ing to the end of horizontal displacement of blocks [4]. K/Ar ages of magmatic
(ophiolites and island arc volcanites) and metamorphic rocks in NE Cuba reflect
the time of tectonic events in the Upper Cretaceous [5].

In 1991 continued dating of <2/i illites in the Bikkium, NE Hungary, and clo-
sure ages from Upper Jurassic to Upper Cretaceous were obtained and interpreted
as the time of low-grade metamorphism (Cooperation: Geochem. Res. Lab. Hung.
Acad. Sei., Budapest; P. Arkai).

Upper Cretaceous uplift ages have been measured for the metamorfic rocks of
Macskamez6, Romania (Coop.: Hung. Geol. Inst., Budapest; Gy. Lelkes-Felvéri).

In the southern part of Transdanubia Miocene and Paleogene volcanic rocks
have been distinguished (coop.: Geophys. Res. Comp., Budapest).

The study of Neogene volcanic belt from the Gutin Mts. to the southern
end of Haxghita has been continued in cooperation with the Inst. Geol. Geophys.,
Bucharest and IPEG, Maramures. The results help the improvement of Pannonian
and Pontian chronostratigraphy.

Tertiary tuffs from the Mecsek Mts. were dated and resulted Lower and Middle
Miocene ages (coop.: Ore Mining Comp of Mecsek, Pécs; Z. Mathé).

On the basis of geochemical, geochronological and tectonic study of the basalt-
tephrite-phonolite series, it has been concluded that the Lower Cretaceous volcan-
ism of SE Transdanubia was the result of the final stage of an aborted rifting
process at a passive continental margin (coop.: Dept. Petrogr. Geochem., E6tvds
Univ., Budapest).

Several geochronological problems were studied in cooperation with the Fac-
ulty of Mining and Geology, Univ. Belgrade, Yugoslavia (S. Karamata). Partly
Middle Triassic and partly Jurassic-Cretaceous ages were obtained on Mesozoic
rocks from the Budva area. The younger ages correspond to tectonic events. In
accordance with the geological position, Miocene ages were determined on the
granites from Bukulja and Cer.
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Biotite, feldspar and glauconite were dated from volcanoclastic rocks in the
Marche Region in Italy, and cca 11 Ma age has been determined for the age of
tectonism. (coop.: Univ. Urbino; Hung. Geol. Inst., Budapest).
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Geochronologic and paloclimatic
characterization of quaternary sediments in
the Great Hungarian plain

E. Hertelendi, P. Simegi t and GY. Sz60r t

ADepartment of Mineralogy and Geology, Kossuth Lajos University,
H-4010 Debrecen, Hungary

The application of the 'maloco-thermometer method elaborated by P. Siimegi
[1] was tested on a detailed eco-statistical analysis of the Upper Pleistocene-
Holocene malacofauna of the Great Hungarian Plain. 10 malacofaunalistic levels
and some species of chronologigal indicator role have been ascertained within the
period 7000-32.000 BP years. The paleoclimatologic investigations, according to
the rules of sedimentology, have been based on the oxygen isotope analysis of prop-
erly collected Pupilla muscorum shells. Oxygen isotope ratios of remote deposites
from the same time period showed good agreement. Temperature values obtained
from the results of the isotopic studies and of a malaco-thermometer constructed
on the basis of the dispersion and climatic claims of the Mollusc species are also
closely correlated.

For the interpretation of the results it was cosidered important to calibrate
the temporal scale of our climatic curve with radiocarbon data. Radiocarbon mea-
surements were performed, parallel to the determination of stable isotope ratios,
on Gastropoda-shells.

Comprehensive studies of the paleoclimatic changes, chronological, isotope
geochemical data as well bioindicative results showed the same climatic periods as
found in Northern and Western Europe, although the climate of the studied area
was of a rather continental character at the end of the Pleistocene (Fig.l.).
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Fig. 1. Paleoclimatic and paleoecological reconstruction of the Great Hungarian Plain
based on mollusk fauna and isotope geochemical data. Mean temperature values were
obtained from 12 sequences: 1 Thermophilic, steppean species; 2. Mesophilic, steppean
species; 3. Forest species; 4. Hygrophilic, cold-resistant, steppean fauna; 5. Hygrophilic,
cold climate, steppean fauna; 6. Cold climate fauna, resistant to dry climate; 7. Radio-
carbon data (from Hannover); 8. Radiocarbon data (from Debrecen); 9. Fossil species of
the Great Hungarian Plain; 10. Malacothermometer (Stimegi 1989); 11. Current species
of the Great Hungarian Plain; 12. Number of sequences used for the calculation of the

mean percent ratio for a given species
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Short-Range Transport of Aerosols Emitted
by a Point
Source of Mixed Character in
Complex Terrain

S. Amemiya b S.K. Biswas b I. Borbély-Kiss, T. Katoh b
E. Koltay, Gy. Szabd

'‘Department of Nuclear Engineering, Faculty of Engineering, Nagoya
University, Furo-Cho, Chikusa-Ku, Nagoya, Japan
2Atomic Energy Centre, P.O.Box 164, Dhaka 1000, Bangladesh

As reported in the last volume of ATOMKI Annual Report longitudinal dis-
tribution of ground level aerosol concentrations have been measured in the neigh-
bourhood of an emission source of mixed character by PIXE method. The source
was located in a valley in hilly terrain. Repeated measurements and evaluation
revealed the following features of short-range transport of the aerosols;

— the concentration of the plume as the function of distance calculated from a
simple Gaussian model falls off much faster than the observed concentration
of the various elements, even if only the diffusion is taken into account without
dry and wet deposition. A plausible explanation for the slow decrease can be
found in flow channeling due to the walls of the valley; the terrain strongly
limits horizontal dispersion with respect to the width of a flat-area Gaussian
plume.

- as a first orientation concerning the environmental effect of the emission
source, a comparison is given in Table 1 between the total aerosol concen-
trations measured for the elements in different sampling stations in the valley,
(source-to-sampler distances are indicated in km in the upper indices) and
the total aerosol concentration observed in rural site, K-Puszta [2] which is
a reference station of atmospheric observations in Hungary. The elements in
Table 1 are divided into two groups according to the magnitude of the fine-
to-coarse concentration ratios. The small ratio approximately corresponds to
dispersion mode, the large one to the accumulation mode aerosols. It is the
crust-related (dispersion mode) elements and the sum of the concentrations
of the observed constituents that are predominant in coarse fraction. They
show strong decrease with transport distance. The oil-related (accummula-
tion mode) elements emerge in the fine fraction. Their concentrations are
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relatively stable during short-range transport. A build-up of the coarse sul-
phure fraction during transport due to condensation and adsorption can be
observed with increasing distance. Under meteorological conditions given dur-
ing the measurement the environmental effect was limited to a distance of
5 km. Beyond that the curves approached the values observed at the back-
ground station in a distance of 210 km from this site. Significant differences
were experienced for zinc, lead and calcium. In the cases of zinc and lead the
weak sedimentation is caused by high fine-to-coarse ratios. Another reason of
the higher lead concentration may be a local enrichment of lead in pearlite

stone. This was indicated by a PIXE analysis of a stone sample.

Table 1. Total aerosol concentrations in //g/m3 measured
at two sampling stations in the valley. For comparison corresponding data
for a rural background station are also indicated. Upper indices show the

Mode Elements
Si
Disper- Cl
sion Ca
Fe
Accu- S
mula- Zn
tion Pb
References

, 0.2-5.3

‘'-'coarse '

0.63
0.13
0.31
0.61

11.45
2.71
6.6

source-to-sampler distances in km.

z-*0.2 N<5.3
total total
61.6 0.874
2.4 2.05
2.59 0.88
2.06 0.95
5.35 7.05
0.27 0.25
0.27 0.27

C%2' [rel.2]

0.81
1.54
0.005
0.29

1.54
0.025
0.02

1 S.Amemiya, S.K.Biswas, |.Borbély-Kiss, T.Katoh, E.Koltay, Gy.Szab6 ATOMKI
Annual Report 1990. p. 79
2. I.Borbély-Kiss, E.Koltay, Gy.Szabh6, L.Bozd, E.Mészaros and 4. Molnar. Nuci.
Instr. Meth. B49 (1990) 388-394
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Dry Deposition Velocities of Atmospheric
Aerosol Particles from Vertical
Concentration
Profiles Measured by PIXE Method

S. Amemiya 1, I. Borbély-Kiss, T. Katoh 1, E. Koltay,
E. Mészaros 2, A. Molnéar 2, Gy. Szabd, M. Varga 2

department of Nuclear Engineering. Faculty of Engineering. Nagoya
University, Furo-Cho, Chikusa-Ku, Nagoya, Japan
institute for Atmospheric Physics, H-1675 Budapest, P.O.Box 39
Hungary

Vertical concentration profile measurements performed on aerosol samples by
PIXE elemental analysis have been reported in the last volume of the Annual Re-
port of ATOMKI [1]. From samples taken in two subsequent sampling experiments
elemental concentrations have been obtained in coarse and fine size fractions for
13 elements as the function of height. Experiment 1 and 2 covered the air layers
0-100 m and 0-30 m, respectively, the first sampling was performed at noon in
summer time while second sampling early next morning. Different meteorological
conditions resulted in different character of the distribution curves. As an example,
data for the cases of Si and S as well as the sum of concentrations of elements Al.
Si, S, Cl, K, Ca. Ti, Mn, Fe, Cu, Zn, As and Pb are shown in Fig.l. The differ-
ent behaviour of the distributions in experiment 1 and 2 can be clearly seen. The
general decrease of the concentrations with increasing height, which was observed
in experiment 1, revealed an upward air transport under the given meteorological
conditions. This means that the lower-lying air surface represented the primary
source of aerosols. This behaviour shows much similarity with that described in
Ref.[2]. A direct determination of deposition velocities from this experiment seems
to be impossible. The opposite behaviour found for the majority of the elements
in experiment 2 suggested the application of the analysis described in Ref.[3] to
deduce dry deposition velocities for the i-tli element. For moderately unstable
meteorological conditions the formula

C.{z2) (ku*)
Ci{z\) —1 In(22/21)

is valid, where c'i(zj) is the concentration of the i-th element at height zj, k is
the Karman constant (K %0.41), w* =0.0071 is the friction velocity. With a
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fitting procedure, dry deposition velocities presented in Table 1 have been deduced
for seven elements. Also shown are in the table the experimental data from Refs.
4,5,6,7,8,9. The large scattering of the measured data from Refs.4 and G as well
as the large difference between the calculated values predicted by different models
(Ref.10,11) reflect the complexity of the deposition process. Our data - with a
single exception - are within the intervals covered by other author’s results.

Fig. 1. Height distribution curves for elements Si and S as well as for the sum of con-
centrations of Al, Si, S. Cl. K. Ti, Mn, Fe. Cu. Zn. As. and Pb. Coarse and fine fractions
and their sums are presented for both experiments

115



Dry Deposition Velocities of Atmospheric Particles... 3

Ele-  This Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
ment  work 4 3 5 6 7 8 9 10
Al 0.20* 0.20-7.90 0.9-2.7 1.30 2.41 0.98
2.63
0.39*
Si 1.63+ 191 0.71
0.55#
S 1.10* 1.0- 14.2-2.9
0.13+ 1.0- 14.2-2.9
Cl 0.19+ 0.2-6.3 1.61 0.67
Ti 0.03* 0.50-5.@0 0.7-22 10 3.22 1.26
3.0
Mn 046+ 0.27-6.40 0.4-09 056 04;2.2 1.31 0.60
1.70
Zn 0.10+ 0.05-0.G6 0.4-45 0.62 0.25 1.05 045
0.34
Table 1. Dry deposition velocities for atmospheric aerosol in cm/s from the present

experiments compared to the data from the literature (measured on coarse [*], fine [*],
and coarse+fine [*] fraction)
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Dosimetrical Parameters of a d+ D Type High
Pressure Gas Target with Double Entrance Foil

T. Molnéar+, A. Fenyvesi, I. Mahunka

Intense fast neutron sources based on cyclotrons provide important
opportunities for human purpose applications (e.g. radiotherapy treatments of some
kinds of malignant tumors, fast neutron radiography, in vivo fast neutron activation
analyses, in vivo experiments to study the radiobiological effects of fast neutrons,
etc.).

: At low energy cyclotrons (E ton ™~ 20 MeV), a pressurized D 2-gas target
bombarded by deuterons of the highest energy available at the accelerator is the
best solution to fulfil the mean neutron energy and intensity requirements of these
type of irradiations. A single entrance foil type gas target was developed by
Schraube [1] for these purposes for the German Cancer Research Institute
(Heidelberg). A double foil version of Schraube’s target developed at the ATOMKI
[2] has been installed at the MGC-20E cyclotron in order to make most of the
mentioned applications possible also in Debrecen. This report presents some
dosimetrical parameters of the uncollimated mixed neutron-gamma field in air
produced by our double entrance foil version.

The multi foil activation technique and the LSQUNF code [3] was applied
to determine the spectral distribution of neutrons at SSD = 1 m from the center
of the neutron emmitting volume (Fig. 1.) produced at pressure pgs =11 bar. The
average energy of neutrons above 1 MeV was 10.1 MeV.

Figure 1: Spectral distribution of neutrons at forward direction and at SSD =16 cm
from the geometrical center of the pressurized D2-gas target.
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Neutron and gamma dose rate distributions were measured by the twin
chamber technique using thimble type ionization chambers of different neutron and
gamma sensitivities. The first one, the TE-TE chamber (Type: EXRADIN T2 with
a build up cap of 3 mm thick) was made of A-150 tissue equivalent plastic and it
was flushed with tissue equivalent gas. The second chamber was a Mg-Ar chamber
(TyperEXRADIN M2 with 3 mm build up cap).

A map containing isodose curves of the total dose rate distribution of the
uncollimated mixed neutron-gamma field produced in air at pggs =11 bar is shown
in Fig. 2. It was measured in a horizontal plain containing the simmetry axis of the
field.

At SSD = 1 m from the center of the neutron emmitting volume, the total dose
rate was Dtt = (160 +/-8) mGy/uc and DYDtat = 0.06 +/-0.003 was resulted
for the gamma component.

5.00 11.12 17.2+ 23.37 29.49 55.61 41 .73 47,66 53.98 60.10 66.22 72.35 76 .A-~

Longitudinal distance from the center of the target volume (cm)
Diference between two neighbouring cunve: 24 mGy/uC p =1 bar

Figure 2: Isodose map of the distribution of the total dose rate of the uncollimated
mixed neutron-gamma field in air in the horizontal plain containing the symmetry
axis of the field.
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Determination of RBE and OER of the p(18MeV) + Be
Cyclotron Fast Neutron Source on Bacterial System

A.M. Dam+, L.G. Gazso+, M. Rétlaki+
A. Fenyvesi, T. Molnar*, I. Mahunka

Clinicians and researchers have a considerable interest for the
radiobiological and cytogenetic effects of neutrons since their introduction as a
radiotherapeutic tool more than twenty years ago. High LET (Linear Energy
Transfer) radiations having lower OER (Oxygen Enhancement Ratio) than the
conventional low LET radiations afford distinct advantages for radiotherapy [1]. The
application of fast neutrons and other high LET radiations in radiotherapy has been
stimulated by the expectation that in comparison with X-ray, the differences in
radiobiological factors might result a larger RBE (relative biological effectiveness)
[2]. Accepting that the biological effects of low and high LET particles are different,
it is clear that the knowledge of the most important RBE and OER values are
crucial in application of a fast neutron irradiation facility for radiobiological
research and therapeutical purpose.

To facilitate the introduction of neutron therapy in Hungary, the basic
radiobiological parameters of the p(18 MeV) + Be intense fast neutron source based
on the MGC-20E cyclotron were determined. The OER and RBE were determined
on bacterial model system (Escherichia coli B/R, ATCC No. 23277) in uncollimated
mixed neutron-gamma fields (Dgam@/D rewron = 0.1). The survival was investigated
at end point. The absorbed dose was determined on the basis of the
recommendations of the ICRU [3] and the ECNEU [4].

The RBE for E. coli B/R was determined in nitrogen and under oxic
condition using “ Co y-ray as reference radiation. The summarized data of survival
curves are shown in Fig. 1. The values are: RBE(anoxic) = 3.92 and RBE(oxic) =
2.46. The results of the calculation of OER are: OER(*“Co) = 2.10 and OER(n-y)
= 131.

Chemical modification of radiation response as a potential adjust to radiation
in cancer treatments has received renewed interest. One potential use of chemical
radiation modifiers involves the sensitization of hypoxic cells or/and the protection
of normal cells. From therapeutical point of view it is essential to know the effects
of these agents at high LET radiations.

Two of the most effective compounds were tested. Misonidazole as a
selective hypoxic electron affinic sensitizer was found to be lower in modulation of
neutron induced cell lethality than observed for the “Co y-rays. The sensitizer
enhancement ratio (SER) for the mixed field was found to be SER(n-y) = 1.07 and
for the reference gamma radiation SER(“Co) = 1.84.

The effect of the aminothiol type radioprotector WR 1065 was characterized
by the protection factor (PF) and PF(n-y) = 1.67 and PF(“Co) = 2.01 were
resulted for fast neutrons and gamma radiation, respectively.

Our results can promote setting up the further experimental protocol based
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on mammalian cell culture systems and tumor bearing animals.

OER: 1.31 (mixed field); 2.1 (Co-60)
RBE: 3.92 (nitrogen); 2.46 (air)

Figure 1. Survival curves of E. coli after exposure in mixed neutron-gamma
field or “ Co gamma rays.
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Status Report on the Nuclear Data Program for
Practical Applications of Debrecen MGC-20
Cyclotron

F. Tarkanyi, L. Andd, A. Fenyvesi, Z. Kovacs, I. Mahunka, P. Mikecz,
T. Molnar’, F. Szelecsényi, Z. Szlics

Nuclear data play important role in different applications of charged particle
and secondary neutron beams of cyclotrons. Usually for the practical applications
the decay data are measured with sufficient accuracy. The reaction data, however,
are not so well known and there is an increasing demand for standardization.

The Department of Cyclotron Application have been working in this field
since the commissioning of the cyclotron in Debrecen in 1985. In the last one year
period in close collaboration with other institutes, this program was continued in
traditional direction of charged particle induced nuclear reactions. First technical
steps were done for starting measurement of some neutron induced reactions.

1. Charged Particle Induced Data
1.1. Measurements of excitation functions for isotope production

The investigated isotopes and reactions were chosen on the need of the
nuclear medicine, biology and ecology.

The excitation functions for production of &rRb, "K, 7/Br and 7Br were
studied in collaboration with the Institut fur Chemie 1 (Nuklearchemie) (KfA
Julich, FRG) under a Hungarian - German bilateral scientific agreement.

The excitation function of 20Bi(3He,3n)20At was investigated for production
of 20At which is used for modelling and testing the chemistry of the well known
20At (1). The irradiations was performed at the Accelerator Laboratory of the Abo
Akademi (Turku , Finland) in a collaboration between the Hungarian Academy of
Sciences and the Academy of Finland.

For optimization of production of 123l on low energy cyclotrons the excitation
function of the 13T e(p,n)123l nuclear reaction was remeasured in collaboration with
Moscow Kurchatov Institute.

The measurement of the excitation function of the 40Ar(a,p)43K reaction was
completed. The produced 43K was used for investigation of water transport in
different plants.

Different efforts were made to measure excitation function using enriched
2PHg for production of 21T1.
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1.2. Measurements of excitation functions for monitoring charged particle beams

In the frame of a systematical study of monitor reactions for intensity and
energy determinations of charged particle beams, the excitation functions of proton
induced nuclear reactions on retTi were remeasured in collaboration with the
Department of Radiopharmaceuticals of Nuclear Research Institute (Rez,
Czechoslovakia)

13. Calculations of cross sections

It is well known that the existing nuclear models are able to predict the
necessary reaction cross sections only with modest power. These models can be
used as a fitting tool during data evolution. The calculated cross-sections can be
useful as a guide in the case of non-measured nuclear reactions, or can help to
select among data sets when large disagreements exist.

As a requirement of investigation of new reaction routs and the critical
evaluation of the existing data we have started to implement and to compare the
capability of different codes. First the minimal input EXIFON code of Kalka(2) and
the more sophisticated STAPRE (Hauser - Fesbach plus Exiton Model) code of
UhI(3) were tested. Both of them can be useful for selecting a proper experimental
conditions and to understand the measured experimental data.

1.4. Data compilation and evaluation

On the basis of experience collected on the field of nuclear data
measurement in cooperation and with help of Nuclear Data Section of the
International Atomic Energy Agency compilation of charged particle induced
reaction data has been started. The compiled and evaluated data will be used in the
international data network through the IAEA and in our local applications.

2. Neutron Induced Data

In connection with practical applications of our high intensity and broad
energy spectrum cyclotron neutron beams, a quasi monoenergetic neutron source
is under installation. After the investigation of the quality of the neutron source,
cross section measurements for dedicated applications will be started.
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Production of Astatine Isotopes via 23Bi(3He,xn)
Processes

F. Szelecsényi, Z. Sz(ics, O. Solin', J. Bergman* and S.-J. Heselius'
* Abo Academi, Accelerator Laboratory, SF-20500 Turku, Finland

There is a growing interest in astatine radioisotopes from the standpoint of
radiobiological and therapeutical application, particularly with respect to the use of
astatine-labelled monoclonal antibodies. On the other hand, both the organic and
inorganic aspects of the chemistry of astatine stimulate a continuing interest, especially
in connection with the formation of complexes and stability of ionic compounds [1].
Due to the very weak gamma- rays of the medically significant m At (T12= 7.2 h),
developmental chemistry is best accomplished with other astatine isotopes (i.e. 28At
T12=1.63 h; 20At T12=5.41 h; and 2°At T12=8.1 h) which are more suitable for
gamma-ray spectroscopy.

It is known that astatine is produced directly via the irradiation of bismuth with
alpha particles. However, this method of production demands a high energy accelerator
with Ea>30MeV [2]. The aim of the present study was to investigate the production
possibilities of different astatine isotopes using a multiparticle compact cyclotron.
Taking into account the parameters of our cyclotrons and the threshold energies of the
possible charged particle induced reactions leading to At isotopes, the 200Bi(3He,xn)
processes appeared most suitable.

Excitation functions were measured by the activation method using the stacked-foil
technique. High purity bismuth prepared via evaporation of Bi on natural copper foils
were used as target materials. The target stacks were irradiated in the external beam
of the Turku cyclotron with 28 MeV incident 3He-particle energy. The average beam
current on the targets was determined using a Faraday-cup. The activity of the
irradiated samples was determined by standard Ge(Li) detector gamma-ray
spectroscopy. The total estimated errors in the cross sections are 12-17 %.

The measured excitation functions covering an energy range of 15 to 28 MeV are
shown in Fig.l together with the only previously reported values [3]. In the case of
200Bi(3He,3n)20At reaction the present work shows good agreement with the data of
Storm but for the 20Bi(3He,2n)20At reaction, our values are significantly higher than
the earlier published ones. Our presented excitation function shows a maximum of 21
mb at 24 MeV for 210At production. The cross section data of Storm around 29 MeV
( 165 mb) support our values measured at lower energy regions for 20B8i(3He,4n)2BAt
reaction. Metallic bismuth targets of 0.25 g/cm2 melted on Cu backings were used for
thick target vyield measurement. The integral thick target yields of
29Bi(3He,xn)208209210At reactions calculated from the excitation functions are shown in
Fig.2. The experimental thick target yields are in good agreement with the calculated
values. For separation of astatine from the bismuth target a dry-distillation method was
used with 85 +5% overall yield [4].

On the basis of our data the 20Bi(3He,3n)2LAt reaction is the method of choice for
the production of 20At for in-house use at low energy cyclotrons.
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Fig. 1. Excitation functions for the formation of 2B2B210At in 3He-particle
induced nuclear reactions on 209Bi

Fig. 2. Calculated thick target yields of 2B29210At in 3He-particle induced
reactions on natural Bi as a function of the incident 3He-particle energy

This work was supported by the Hungarian Academy of Sciences and the Academy of
Finland.
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PRODUCTION OF ICH4FOR THE PREPARATION
OF HNCN INTERMEDIER

E. Sarkadi, Z. Kovacs, P. Mikecz, F. Szelecsényi, L. Andé

nC labelled radiopharmaceuticals are frequently used in the positron
emission tomography. Considerable part of the syntheses of these products are
carried out using HNnCN intermedier, like nC-labelled amino acids [1,2,3]. Two
different types of methods have been described for routine HNnCN production via
nCH4 precursor. In both cases the 14N (p,a)nC nuclear reaction is involved. In one
case the target is N2 containing 1 % 0 2 and the final product in the target gas is
nC 02, which forms nCH4 after reduction steps [4]. The other procedure uses a
mixture of N2and H2gases, 95% and 5% respectively, as a target gas with very low
0 2 content [5,6], which directly gives nCH4 without further treatment. This later
method was chosen to develop our HNnCN production procedure. We report here
on the preparation of the nCH4 precursor and its conversion to HnCN.

The target gas was prepared in an evacuated 15 1volume bottle as follows.
H2was slowly led through a 5 A molecular sieve trap, cooled with liquid nitrogen,
filling the bottle up to 0.7 bar. Then the pressure was increased up to 14 bars
during 8 hours with N, cleaned at 700 °C over a copper furnace regenerated with
H2at 700 °C. The 20 cm long and 3 cm in diameter aluminum target chamber was
filled up with a total pressure of 10 bars of this gas mixture through Oxisorb trap
(Messer Griesheim GmbH) to reach further elimination of 0 2 traces.

The water cooled target was irradiated for 40 minutes with 15 MeV protons
at 10 gA beam current using our MGC 20 compact cyclotron. The yield of nC was
0.5 GBqg//xA and a small amount of 13N coming from MN(p,d)IN reaction also was
detected. The composition of the
irradiated target gas was determined
by gas chromatography using
thermal-conductivity and subsequent
radioactivity detectors. The analysis
were carried out on Porapak Q
column (length 1.5 m, diameter 4
mm, mesh size 80-100) at a He flow
rate of 10 ml/min. The temperature
was programmed as follows: -30 °C
for 12 min followed by a linear
gradient of 10 °C/min up to 150 °C.

CH.

4 ml irradiated gas sample was Time [s 1
injected in together with 1 ml  Figure 1 Radiogaschromatogram of the irradiated
inactive sample (25 % N,, 64 % N2 : H, target gas mixture

CH4, 6 % CO and 5 % CO,) for
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peak identification. The radiogaschromatogram is shown in Fig.l. together with the
thermal-conductivity signals of identifying gases. 90 % of the total nC activity
appears as nCH4 and only 8 % nCO and 2 % nC 02was formed due to traces of
0 2in the target gas mixture.

The scheme of the NH3 + nCH4 = HnCN conversion system is shown in
Fig.2. The flow rate of the irradiated target gas was regulated by a needle valve and

Waste balloon

Figure 2 The scheme of the Hn CN production system

kept constant at 200, 400 and 600 ml/min. He gas flow was used for washing out
the rest of the target gas. The NH3was added to the target gas by bubbling through
liquid NH3held at -60 °C. The Pt furnace (quartz tube with 10 mm in diameter, 16
g Ptin 8 cm length and 320 cm2surface) was kept at 1000 °C. The nC02and H20
traces were removed by anhydrous LiOH absorber, while the P20s retained the
surplus NH3 The HnCN was trapped in liquid ( water, THF etc. ) suitable for
further chemical syntheses. Experiments for conversion optimization are still under
development. The best yield of HnCN from nCH4 corrected by decay was 60 % at
400 ml/min flow rate.
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A case control study of radon and lung
cancer in eastern Hungary*

Zs. Déri S, Takéacs 1. Csige, I. Hunyadi
“Public Health Institute of County Borsod, Miskolc, Hungary

In joint research programs the Public Health Institute of County Borsod and
the Institute of Nuclear Research of the Hungarian Academy of Sciences have
made from 1989 a case control study in dwellings by track etch detectors in the
eastern part of Hungary. The goal of the study was to adapt a complex survey
technique and to apply it for the investigation of the possible relation between
indoor radon concentration level and lung cancer. We chose the case control study
as an appropriate method and constructed a well-selected questionnaire on data
about the persons, the state of their health condition, smoking habits, and about
their house with special attention to building materials and mode of construction.
Then we designated a region for the investigation and nominated the members of
the case and the control group. The selected town and its surroundings of about 52
thousand inhabitants have a closed population, and the average annual incidence
of lung cancer during the last eight years was one of the highest in Borsod county
but with the lowest deviation (526 + 44 case/million people year). This average
is higher than the Hungarian average of 1990 (460 case/million people year). The
members of the case group were selected on the basis of data of the local oncological
institute and the individuals of the control group were selected among volunteers.
One radon monitor was placed in the most frequently used room of the house for
one year and another one was dug in about 0.4 m depth and covered by soil nearby
every measured residence for 3-4 months in the winter season. The technique for
the measurement of the indoor radon activity concentration was developed by the
Institute of Nuclear Research, Debrecen. The measuring device is a diffusion cup
equipped by LR-115 alpha track etch detectors both inside and outside. The cup
is closed by a 40 "m thick PE filter. This way the detector inside measures only
the 222Rn exposure, and the detector outside measures the total alpha exposure.
After exposure the track detectors were developed by chemical etching in 10 wt%
solution of NaOH at 60 °C during 2.5 hours and the tracks were counted manually
under optical microscope. The observed track densities were in the region of 40-
1200 track/cm 3*30 day for dwellings and 80-3000 track/cm3*30 day for soil gas.
The collected data were evaluated by LOTUS 1-2-3 software, the studies of the
statistical significance were carried out by Welch test of the normalized distribu-
tions. It was presumed that the indoor radon follow log-normal distribution, as it
is considered in many studies. After a careful selection we got the case group of
33 individuals and the control group of 66. The arithmetical average of the mea-
sured radon activity concentration data are 192 Bq/m3 (52-703) and a 155 Bq/m 3
(22-726), respectively. Figure 1 shows the normalized distribution of the radon ac-
tivity concentrations for the case and control groups. Our calculations show that
the difference between the mean values of the two distributions is significant at 95
% level. The annual bronchial dose equivalent (L ), the pulmonary dose (Hp), and
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the effective dose equivalent (He) were estimated by the method described in the
ICRP 50 Publication [1].

INDOOR RADON DISTRIBUTION OF Annual dose equivalents

THE CASE AND CONTROL GROUP estimated for several
25 groups ( mSv/year )

I case mean: 2.22 (166 Bgm'3) HeowoH.

1 control mean: 2.08 (120 Bgqm'3)  °°° e TE e
20 control 35.2 4.7 2.4

house
underbuilt

with cellar 25.8 3.5 1.7

15 no cellar 52.8 7.0 3.5

= @"’OV

log (CRnIBgm'3))

Fig. 1. Indoor radon distribution of case and control group.

The value of equilibrium factor was accepted as 0.5 from the literature, the resi-
dence probability was taken into account individually based on the questionnaires,
its mean value is 0.78. The dose equivalents were derived only from the exposure of
indoor radon daughter concentration in homes. We could not estimate the total ex-
posure, thus the risk of fatal lung cancer because the radon activity concentration
and the residence probabilities in other buildings (working place) and outdoor were
not sufficiently known. We did not find correlation between the measured radon
activity concentration in homes and in the underlying soil. The results of our inves-
tigation are not in contrast with the supposition that the most important reason
of the lung cancer - after smoking - may be the elevated indoor radon activity
concentration. The statistical evaluation of our data showed that the presence of
an underlying cellar is more important factor than the type of building materials
to decrease the indoor radon level in houses.
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Biochemical Parameters and Ca
Concentration in Hair*

J. Bacso and I. Uzonyi

As the XRF is a powerful analytical method, by the determination of concen-
tration of bioelements, it might promote the development of (noninvasive) diag-
nostical methods to gain more and more information on the health condition of the
human body. With this intention we began to study the level of Ca concentration
in hair (hair-Ca) in different groups of adult males in cooperation with different
hospitals more than ten years ago. Namely, it was revealed from our previous
measurements that the concentration of hair-Ca is decreased in ischaemic heart
diseases [1,2]. The aim of the present work is to study the correlations between
hair-Ca and some biochemical parameters of blood and urine measured regularly
in the Aeromedical Research Institute of the Hungarian Army and to follow the
mutual variation of health state and hair-Ca level.

The population consisted of males aged 19-56 years and a younger group aged
~16-18 years. In the collaborating institute the following quantities were mea-
sured: age; body weight; height; Brocka-index; blood pressure (systoles and di-
astoles); glycoside; uric acid; lipoid; cholesterin (total); “alfa-cholesterin” (HDL
cholesterin); "beta-cholesterin” (LDL cholesterin); and triglicerid. The concentra-
tion of hair-Ca was measured in ATOMKI by XRFA method using Fe-55 radioiso-
tope source for excitation. Altogether 514 and 232 data set were available in case
of older and younger groups, respectively, and each of them consisted of the quan-
tities listed above supplemented with the hair-Ca. Based on our previous results
the data sets were divided into two groups according to their hair-Ca content
(Ca<700mg/kg and Ca>700mg/kg). The correlation investigations were carried
out for all groups separately.

The ratio of the number of data sets (persons) falling into the Ca>700mg/kg
and Ca<700mg/kg groups is 12:502 in the older group (which is very unfavourable)
and 60:172 in the younger one (this is also unfavourable).

Tight and positive correlation has been found between cholesterin and beta-
cholesterin (r=0.9-0.96, see Fig. 1.) in each group, but in contrary, no correlation
has been found between cholesterin and alfa-cholesterin.

High positive correlation has been found between lipoid and cholesterin in
each group, but correlation with the triglicerid has only been observed in the older
group (r>0.78) and not in the younger one (r=0.04-0.1). Because of the high lipoid
- cholesterin and cholesterin - beta-cholesterin correlations lipoid correlates with
the beta-cholesterin as well.

In case of hair-Ca the coefficients are usually low (|r| <0.56), but in many cases
they are still significant. This means, among others, that hair-Ca has a nonlinear
connection with these parameters and the time dependence of the biological pro-
cesses should also be taken into consideration. We observed a negative correlation
with the triglicerid and lipoid in all cases, and the highest being found in the older
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Ca<700mg/kg group, indicating that the increasing cholesterin or triglicerid value
results in decreasing hair-Ca level. The medical evaluation of the correlation data
is in progress.

>=0N0

Fig.l. Beta-cholesterin as a function of cholesterin in the younger group having
Ca<700mg/kg hair-Ca concentration. The linear regression equation and the correla-
tion coefficients are: BETA=0.84*CHOL-0.81 and r=0.94 (p<0.001), respectively.
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Investigation of Mercury and Other Toxic
Heavy Metal Concentrations in Fish*

J. Bacso

It is known that Zooplanktons and small aquatic animals concentrate the
heavy metal pollutants to a marked degree over the water level. They may be
of use in monitoring the level of heavy metal pollution[l]. BALOGH (1987) [2]
investigated the Hg pollution in the Lake BALATON (HUNGARY). It was found
that Hg content varies in zooplanktons (Cladocera, Copepoda) by time and by
location in the Lake in summer period: (0.07-0.26)mgHgkg_1.

It has been shown that Hg can be methylated in aquarial and natural sediments
[3] by methanogenic bacteria [4] and by methylcobalamin [5]. These results are
of great significance, as it has become apparent that Hg in all lake sediments
even in inorganic form, can be mobilized and is liable for being transformed into
extremely toxic methylmercury derivatives and so to enter the food chain. This way
methylmercury poisoning is a widespread problem, especially in aquatic systems
where various organisms can concentrate the Hg up to 1000-fold. These phenomena
are strongly confirmed by the Minamata [6] and the Niigata [7] epidemic outbreaks.
However, there is no evidence that methylmercury is formed in mammals.

A few years ago a relatively high concentration of Hg was observed in tinned
fish by the author. Spinal column with spinal cord was selected from fish slices,
dried at relatively low temperature (<70°C), pressed into pellet and measured
by XRF. The concentration of Hg was equal to (42+5) mg/kg. This observation
inspired the author to investigate the Hg content in different parts of tinned and
fresh fish products. The collection of samples is still in progress.

Sampling. Tinned fish samples of different origine and sort were collected
with the permission of a number of health authorities for commerce, as well fresh
fish caught in surface water (river, lake) in Hungary. All samples for measurement
were selected from fish prepared for consumption. Usually a few gramms of spinal
column with spinal cord, muscle from neighbor of spinal column (white muscle),
and the same amount from near to skin ( dark muscle) were collected.

In the first step the samples were dried with paper-napkin (to remove the
oil used for production), then more dried under infrared lamp at low temperature
(<70°C), ground, and finally pelletized. 100-200mg of mass was pressed into pellets
with 10 mm diameter.

Measurement. The concentration of elements was determined by XRFA
method.

Results. Toxic heavy metal concentrations measured in different tinned and
fresh-water fishes, mg/kg (dry wt.), are shown in Table 1.

According to the recommendation of WHO (Geneva 1972) the permissible
intake in mg/kg(b. wt.)/week for Cd:=0.5 for Hg:=0.005, for Pb:=0.05, which, for a
person of 70 kg body weight, is equal to (mg/week): Cd=35, Hg=0.35, Pb=3.5. The
table shows that the tinned and fresh-water fish species investigated, in the case of
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Table 1. The code numbers mark the trade name of product or species of fish, the letters:
a = bone (vertebrae) with spinal marrow or without, b = muscle (white), ¢ = muscle
(red, or near to skin) d = spinal marrow, e = bone (other than vertebrae).(*)Measured
in fish from Lake BALATON [8].
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highest toxic metal concentrations [i.e.: for Cd: la, 4a, 10a samples ~10 kg/week;
for Hg: la, Id, 5a, 7a, 10a,12a samples ~0,08-0.1kg/week; and for Pb:la,3a, 6a, 7a,
7b, 8b, 8c, 9a, 10a, 11la samples ~0.35 kg/week to be consumed] are not suitable
for continuous human consumption, considering the limit of heavy metals (Cd,
Hg,Pb) recommended by WHO. In different tissues of fish the concentrations of
Hg and Pb came the closest to the limit of tolerance. 0.1-0.2 kg (dry weight) can
be consumed weekly, which, in some places, can be close or equal to the actual
consumption, even in Hungary.
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Study of Incorporation of Dimethylmercury
in Small Animals*

J. Bacso, Zs. Bacso | Fekete 2, T. Ferenczy 2and I. Uzonyi

University Medical School of Debrecen, Department of Biophysics,
Debrecen
2Kossuth University, Institute of Biology, Department of Comparative
Animal Physiology, Debrecen

Mercury is an ancient poison. Yearly 30000-150000 tons are being released into
the atmosphere by degassing from the earth‘s crust and the oceans and additional
20000 tons of mercury are released into the environment by human activities[l].
Mercury is found in the environment in various chemical forms, and the different
forms have different pharmacokinetic properties as regards absorption, bodily dis-
tribution, accumulation and excretion. Inorganic mercury can be methylated in
the environment and the resultant dimethylmercury (Me2-Hg) is readily taken up
by some organisms, more readily than inorganic mercury.

Experiments carried out on cat with Hg compounds showed damage in brain
and the highest concentration of Hg was found in liver, hair, kidney and brain, in
the order of list. Hunter et al. [2] observed four cases of intoxication by Me-Hg.
The symptoms were as follows: heavy general ataxia, dysarthria, and large measure
of narrowing in the field of vision. In the second half of this century two serious
Me2-Hg intoxication took place in Japan (Minamata; 1953-60, 111 cases of special
symptoms [3], Niigata; 1964-65, 26 diagnosed cases). Other human intoxications
were caused by the consumption of contaminated fish and shell-fish [4]. Animal
experiments and accidental human cases show that the Hg content in hair can
serve as an indicator of exposure to Hg [4, 5].

Experiments. For these very reasons we have initiated an experiment to
exposure animals to Me2-Hg at different doses. The aim of this experiment is
to study the accumulation of dimethylmercury in tissues and hair and to make
reference material for Hg and Me2-Hg analytical quality control from the hair of
animals.

The measurement was started with 33 guinea pigs and 33 rats. The animals
were divided into three groups (11-11 animal in each group). Two groups were
intended for experiment with different dose of Me2-Hg per day, and the third group
for control. All animals were male and SPF quality. The Hg was administared
partly in drinking water and partly by stomach tube. Taking into account the
previous results for the lethal dose of various organic Hg compounds (~15-70
mg/kg b. wt.) and the results of S. Ohmori and K. Hashimoto [6] we applied a
lower and a higher daily dose of Me2-Hg: 2.5 mg/kg (b. wt.)/day and 5mg/kg
(b. wt.)/day for rats and 7.5 mg/kg( b. wt.)/day and 15.0 mg/kg (b. wt.)/day
for guinea pigs. Hair cut was carried out on all animals at the set-out. On the
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experimental animals the hair cut was regularly repeated every ten days in guinea
pigs and every twenty days in rats. At the end of the experiment the hair cut was
repeated on control animals, too. The period of experiment was two months. At
the end of the experiment the animals were sacrificed and dissected. The following
tissue samples were prepared: brain, liver, kidney and testis. The measurement of
the concentration of Hg and other elements in the different tissues and hair was
carried out by EDXRFA by using Fe-55 and 1-125 sources for excitation. The tissue
samples were homogenized and lyophilized and pelletized (m=100mg, 0=10 mm).
The hair samples were only pelletized. Approximately 400 samples were prepared
and measured.

The evaluation of all the spectra has not been completed yet, only the Hg
concentration in hair has been evaluated. Nevertheless, it can be seen that Hg
accumulates in hair in very high concentration depending on the daily dose (Fig.
1.). Moreover, Hg appeared immediately in the hair after intake. In 40-day’s time
it reached a higher value than planned. These facts means that hair is a very sen-
sitive indicator of mercury loading. We plan to carry out a correlation analysis to
explore further connections between bioelemental and Hg concentrations measured
in tissues and hair.
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time

Fig. 1. Variation of Hg concentration in the hair of guinea pigs during and after the
treatment with dimethyl-mercury.
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The Use of XRF for the Determination of
Mercurialism

J. Bacso, L. Bognar 1and 0. Pallinger 2

1Central Hospital of Army, Department of Mental Hygiene
2Central Hospital of Army, Department of Toxicology

CASE HISTORY: A young woman got to the Department of Toxicology of
Central Hospital of Army for examination and treatment due to excessive mercury.
The patient had no complaint, and our examinations did not show any kind of
symptoms of poisoning by mercury. There was a high level of mercury in her
urine, and an extremely high level could be detected in her hair.

Since we precluded the possibility of occupational poisoning, we looked for
the cause of mercurialism in the environment of the patient. In order to reduce
the amount of mercury in her body, a dimercaptol (BAL) therapy was employed.
After the treatment course a decreased mercury level was measured in urine.

When the patient is rubbing gold or copper things among her fingers those
become white in a short while (10-20 minutes) and after a longer time (in a few
hours) they brake into pieces.

Sampling: On 11 of November 1990 hair sample was taken from the lady, cut
near to skin. The mercury content in the sample was determined by XRF method.
The measurement was carried out by steps of 17mm in length of hair. The results
are shown in Fig. 1. As the lady’s power for whitening the gold and copper things
remained continuously in spite of the hospital treatment, the hair sampling was
repeated on 7th of March 1991. At the same time, hair sample was taken from
her grandmother and son living together with her. Furthermore vegetables, fruits,
leaves and different parts of different plants, most of them are used as food, were
collected from their garden for analysis.

Results: By the second hair sampling her hair had grown 42mm in length
since the first sampling. From this figure and time interval the growing power of
her hair was determined (42mm /116 days = 0.3621 mm/day). So it is possible
to fit together the results of two samplings.

It is very surprising that there was no Hg found in the second hair sample even
in that part which covers a part of the first sample (overlapping part). The Hg
contents in the grandmother’s and son’s hair were similar to that of the patient’s
second sample. This is a new observation in the field of hair trace element studies.
The explanation of the phenomenon requires further investigations.

The authors are thankful to Dr. Uzonyi and Dr. Kovacs for their technical help.
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Table 1. Overlapping of the two hair sample of patient.

Hg in hair (ppm) 82.4+10.7 114+13.7 117+15.0
41+7.3 97.9+12.1 116.+14. 100+30
23'X I ZlVII I 181V I 141
Date of sampl. 1990 06.1X 04.VI 02.111
Hg in hair (ppm) 6.7+8.7
0.0 0.0 0.0 0.0 0.0 1.7+4.4

19n1.16N11 I 14'X1 |12.’\7111 I oV f
Date 1990 31.XII 28.1X 26.VI

Table 2. Toxic heavy metal content of vegetables and other plants.

Vegetable, plants Ni Cd Hg Pb

Strawberry, leaves - - - 1.3+£2.8
4.8%**

European hazel 3.6%8 -* 1.3+2.9
4.6**

Leaf of a nut-tree - 0.2+x2.9 2.5+3.1
2.2%*

Pea leaves 4.5+7.6 “ 2.2+4.7 -
8.1**

Bean leaves,stalk 15.5+8.3 - -
5.0%*

Nutshell 4.0+£7.3 0.3+£2.7 -
1.3

Brussels sprouts 11.0x7.6 4.2+2.8 4.1+4 .6 -
8.8**

Carrot 2.7+7.4 -
4.1**

Parsley “ “ -
3.8**

Kohlrabi 10.3x7.7 6.9+2.9 -
3.1**

Red cabbage 4.9+7.4 3.5+2.8 -
2.4

String beans 9.5+7.4 3.6+2.7 5.0£4.5
5.4%*

Strawberry 4.1+6.9 - 3.8+4.4 -
4.2%*

Sour-cherry 1.6+£6.8 1.8£2.6 1.1+4.3 1.9+2.5
4.3%*

Fig.l. The variatoin of Hg-content in length of hair sample.
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A Ge+BaF2Composite 7-ray Spectrometer

A. Krasznahorkay, J. Bacelar,@ A. Balanda,and A. Buda(@@

(a* Kernfysish Versneller Instituut, 9747 AA Gronigen, The Netherlands

AN Institute of Physics, Jagellonian University, Cracow, 30-059 Krakow,
Reymonta 4, Poland

The detection of high energy 7 rays following the decay of giant resonances to
specific final states demands a detector system with high efficiency and good energy
resolution in the 10 - 20 MeV energy region. A new Ge + BaF2 7-ray spectrometer
fulfilling this requirements has been designed [1]. The schematic layout of the
detector system is shown in Fig. 1. The energy of the 7 quanta is reconstructed by
summing (off-line) the energies deposited in coincidence in the Ge detector and in
its BaF2 shield.

Response function measurements have been performed at KVI Groningen at
a few 7-ray energy between 4.4 and 15.1 MeV. The measured energy resolution
and efficiency of the system are in agreement with the results of Monte-Carlo
calculations performed with the code GEANT3. This type of spectrometer can
have better than 0.5 % energy resolution and more than 10 % efficiency at 15
MeV (see in Fig. 2.).

KV 5596

Fig-1- Schematic layout of the Ge + BaF2 spectrometer.

139



2 A. Krasznahorkay T Bacelar/** A. Balanda/6' and A. Buda™*

Fig. 2. Comparison of the efficiency of different 7-ray spectrometers as a function of the
7 energy. For the Ge -f BaF2 spectrometer an “optimal” geometry excluding the extra
spaces between the scintillator crystals was taken. For the single Ge-crystal the efficiencies
are given seperately for the 1. escape peak 2. escape peak as well as the photopeak.
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A UV-photoelectron spectrometer for high
temperature studies

D. Varga, L. Kovér, I. Cserny, K. Tdékési

A special UV (Vacuum Ultraviolet) photoelectron spectrometer has been de-
veloped for studying free atoms and molecules, including short-lived transient
species obtainable at higher temperatures.

For energy analysis of photoelectrons a hemispherical electrostatic analyzer
has been built with a working radius of 150 mm and with identical entrance and
exit slits of 0.5, 1.0 and 1.5 mm widths, respectively, variable without breaking
the vacuum in the spectrometer. A fixed analyzer pass energy can be selected in
the 2-10 eV range for electrons having kinetic energies in the 1-50 eV interval, by
using a 7 elements input lens system with an object-image distance of 570 mm.
This length provides a good separation between the sample chamber and analyzer
(facilitating its differential pumping and preventing its contamination). Consisting
of a combination of two cylindrical lenses of four elements each, the elements of
the complete zoom system are operating with potentials dependent linearly on the
energy of the incoming electrons. The electron optics and the analyzer is enclosed
by a double layer magnetic shielding made of high permeability material.

The sample chamber of the spectrometer is pumped by a diffusion pump
(600 Vs) made fully of stainless steel (making possible studies of highly reac-
tive gases) and equipped with a special liquid nitrogen cooled cryotrap. A similar
diffusion pump ensures the differential pumping of the analyzer while the sample
region and the entrance slit of the lens system is separated by a watercooled blend.

Photoelectrons are excited by a capillary discharge UV lamp with a two stage
differential pumping provided by a rotation pump and a diffusion pump (300 1/s),
respectively. The maximum discharge current of the UV lamp is 150 mA.

Gaseous samples can be introduced into the sample chamber through special
units which makes possible the use of both nozzles for narrow beam samples and
gas cells for large volume homogeneous samples. Vapour samples can be obtained
from a small oven by in situ evaporation of solid materials (max. temperature
is 250 °C) with the possibility of fast sample changing by the help of a gate
system without effecting the operation of the spectrometer. For studying transient
molecules, the sample chamber is equipped by a pyrolizator unit with a quartz
tube heated indirectly by thermocathodes providing controllable temperatures up
to 1000°C.

The spectrometer is controlled by an IBM AT based data system. Data ac-
quisition and recording is performed entirely on interrupt level making it possible
to run any other application program without affecting the data acquisition in
progress. The acquired data can be accessed for on-line evaluation by using the
evaluation program EWA developed by J. Végh.

The performance of the spectrometer is illustrated by the He la excited pho-
toelectron spectra shown in Figs 1 and 2.
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Fig. 1. The photoelectron spectrum of argon excited by He la radiation

Fig. 2. A detail of the He la excited photoelectron spectrum of anthracene
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Extraction optics calculations for a
hollow-cathod ion source: the first steps of
the ECR program

S. Biri, J. Palinkas, A. Bader

In the last year a proposal for a heavy ion facility has been prepared in
ATOMKI [1]. The key element of the planned facility is an electron cyclotron
resonance (ECR) ion source, which will be installed at a 300—500 kV electrostatic
accelerator and at the cyclotron of the institute. The ECR source can also be used
independently (at a max. 30 kV acceleration potential) for low-energy atomic
physics investigations. The ECR source will be used alternately at the two ma-
chines. During the operation of the ECR source at the cyclotron, a hollow-cathode
type ion source (DANFYSIK 911A) producing single-charged heavy ions will be
used at the electrostatic accelerator. This source also can be used independently,
at 30 kV potential. The source was bought without any accessories (extraction
lens, power supplies, etc.) Recently, the computer planning and optimization of
the beam extraction optics has been carried out for this ion source.

The planning of the optics was started using the ”cos-lin” method [2]. The
arrangement, obtained this way, was alternated step-by-step using experiences of
similar extraction optics and considering technical restrictions on the insulations
and the displacement of the electrodes. Meanwhile, the axial potential distribution
was continuously controlled and an effort was made not to damage” the form came
from the model. The final testing and optimization of the optics were carried out
with the SIMION [3] computer code. In fig. 1 the geometry with the most suitable
potentials can be seen. The potentials on the electrodes can be varied depending
on the required beam energy in such a manner that the character of the axial
potential distribution will not change significantly.

Fig. 1. Extraction ion-optics system. The electrode potentials from left to right are 20,
—2, 1, 13, 1 and 0 kV, respectively
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Other parameters like the distance and aperture of the electrodes and the
effect of the plasma boundary, were investigated using the SIMION code. It was
found that the effect of the plasma meniscus can always be compensated altering
the potential of the fourth electrode (fig. 2).

Fig.2. Beam transport in the 3-dimensional potential field of the extraction system. The
initial energy of the particle is 200 eV, plasma meniscus is 20° (convex plasma), diameter
of the source slit is 1 mm. The potential of the source is 20 kV

The mechanical part of the extraction system is under construction and the
electrical control system is under development. All present and future results are
considered as a preparation for the installation of the ECR source and the heavy
ion facility.
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Modelling of electrostatic extraction optics
of ion sources

S. Biri, S.L. Bogomolov I. Kods 6

“Joint Institute for Nuclear Research, Dubna, Russia
6K ossuth University, Debrecen, Hungary

Investigations on the problems of external ion source electrostatic extraction
optics were carried out.

a./ Axial symmetric beam

A mathematical model was established, which is applicable for calculations in the
case of ion sources producing axial symmetrical ion beams (e.g. ECR, duoplas-
matron sources) [1]. It was supposed that to get a beam of suitable performance,
the necessary potential distribution along the z-axis must be a special, weighted
superposition of linear and cosinusoidal members. In fig. 1 simple potential distri-
butions of this type are shown. From the potential distribution the full electrode
structure can be obtained. Performances of optical systems calculated in this way
and experimental results from working optics, were compared. It was found that
systems by this model and the experimental optics work identically. The procedure
of the model creation can be used to design electrostatic extraction optics without
the usual large amount of calculations.

b./ Ribbon beam

The case, when a crossed, position depending force influences the beam extracted
from the source, was studied. This is a real situation, for example, at the applica-
tion of a Penning source with radial extraction. The system consists of the source,
an accel-decel electrode system and an electrostatic compensator (Wien-filter) to
compensate the deflecting action of the magnetic field. It is shown [2] that hyper-
bolic potential distribution between the filter plates provides the ion beam with
minimal deflection from the axis of the ion optical system (10S) at the exit of the
I0S. The filter plates must have different absolute values of potentials and also a
strong geometrical asymmetry to the 10S axis (fig. 2). The computer simulation
of ion trajectories in the 10S, constructed by the proposed method, has also been
carried out.
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Fig.l. Potential distribution along the axis of the 10S. 1 - Uc=0, 2 - Uc/Ui=0.2, 3 -

Uc/Uj=14. Uc and U, are the amplitudes of the cosinusoidal and linear parts of the
distribution, respectively.

50 1 100 1 150
X (mm)
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Fig. 2. 10S geometry and particle trajectories with A/Z=3. The injection potential is 19
kV, the potential of the extraction electrode is —5 kV, potentials of the upper and lower
compensator plates are -(-15.1 and —0.5 kV, respectively.
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S. Biri

The field of ion source research and development has grown intensively since
the sixties-seventies and especially dramatically in the last decade. New kinds of
ion sources have been invented and the performance of existing sources has been
upgraded significantly. There are ion sources in many devices and facilities: in
accelerators, in separators, in implantators, etc. The ion source is one of the most
important parts of these facilities since the features of the beam on the target are
basically determined by the features of the beam extracted from the source.

It is frequently necessary to identify or classify the many types and kinds of
ion sources or to understand the physics of the applied source. In Hungary, in
Hungarian has not been published a detailed work about ion sources yet. For this
purpose a longer study was written [1], which is designed to serve as a guide and a
review for the field of ion source physics and technology. The study is intended for
ion source users in general, for physicists who are interested or actively engaged
in ion source development or related work and for students, engineers, who have
a basic knowledge of plasma physics, atomic physics and electromagnetic theory.

The contents of the study:

1. The basics of plasma physics for ion sources

1.1 Basic terms

1.2 Basic processes in the plasma
2. Classification of ion sources
3. The most wide-spread and known ion sources

3.1 Penning (P1G) ion source

3.2 Electron cyclotron resonance (ECR) ion source

3.3 Electron beam ion source (EBIS)

3.4 Laser ion source

3.5 Duoplasmatron, duopigatron

3.6 Cusp ion sources

3.7 Negative ion sources

3.8 Miscellaneous sources
4. Comparison of ion sources
5. Beam extraction
6. The present and planned ion sources at the cyclotron in Debrecen
References (94)
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Magnetic structure formation in ECR ion
sources

S. Biri, J. Molnar

During the last few years the electron cyclotron resonance (ECR) ion sources
have played an important part in heavy ion facilities. Up to the present time more
than 40 ECR ion source designed for the production of high-charge-state ions have
been built in different laboratories [1].

In sources of this type one of the most critical part is the magnetic system
of the ionization chamber. The magnetic field in the chamber has the "minimum-
B™ type mirror configuration. The axial magnetic field is usually produced by
solenoidal coils, the radial magnetic field is produced by SmCo or NdFeB hexapole.

In order to make the design, the measurement and the final formation of the
magnetic structure of ECR sources easier and quicker, computations and instru-
mental developments were carried out.

1. Using a simple, but quick computer code the axial magnetic field distribution
and the parameters of the coils to create this field, can be planned. In fig. 1 the
result of a calculation can be seen. The calculation of the total magnetic field,
which is a superposition of the magnetic field of the hexapole (radial) and the
coils (axial) in the ionization chamber, is illustrated in fig. 2.

2. To measure the simple or combined magnetic field inside the coils and/or
the hexapole, a semi-automatic field-meter was developed [2]. The control of the
field-meter and the data acquisition was realized with a PC, via special interface
developed for this purpose. In fig. 3 the main menu of the control program can be
seen.

3. Another computer code transforms the results of field measurements to any
required text or graphics form. Depending on the choosed parameters and on the
measured data, the axial, radial or azimuthal magnetic field distributions (fig. 4,
5) and two-dimensional field maps can be obtained. The Fourier-analyzis of the
Br(d) or Bd(dp) field components is also possible (fig. 6).
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IBM PC based interfaces for system control
and data acquisition

J. Molnar, S. Biri

For several years microcomputer controlled systems for collecting and analyz-
ing data have been used in the Institute. In the last few years IBM PC computers
have also provided low cost "host computers” for computer-based measurement
control and data acquisition systems in nuclear physics. According to this con-
cept several types of interfaces were designed to solve the problem of control and
recording and evaluating data measured in the experiment. Two of these interfaces
are described here.

A PCA/INCREMENT MEMORY (Fig.l) interface has been developed and in-
stalled for the "GAMM A” complex for the investigation of fragmentation processes
in nuclei-nuclei collision [1,2]. Using this interface reduces the measuring time for
acquisition of gamma-ray spectrometric information and gives better statistics by
increasing counts/channel storing capacity. The unit features the following main
functions: 1/ connection between the Analog Signal Processor and the PC, 2/
nuclear spectrum collection up to 224 counts/channel using increment or decre-
ment method, 3/ data read/write from or to memory via the PC bus during the
measurement.

In many applications - process control, data acquisition, automated test equip-
ment, nuclear and medical instrumentation, robotics - the fast digitization of var-
ious analog signals, data storage and evaluation are very important reguirements.
An IBM PC based 16 Single-Ended Channel Interface (PC/16SECI Fig.2) was de-
veloped to meet these requirements [3]. The analog input part of the PC/16SECI
unit consists of a 16 channel fully protected multiplexer, a channel address regis-
ter, an operational amplifier and a complete high speed 10 bit ADC. Analog input
voltage ranges from 0 to +10V. The system throughput rate is limited by the per-
formance of the IBM PC DMA system. The interface operates in INTERRUPT or
DMA modes controlled by the program. The user-selectable sampling rate gives
high performance and versatility for signal analysis.
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Fig. 1. Block diagram of the PCA/INCREMENT MEMORY card

Fig. 2. Block diagram of the PC/16 SECI card
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Leak testing studies of 226Ra sources by
radon detection with SSNTDs

1L. Medveczky, I. Hunyadi, J. Hakl and B. Bir6 “

“National Oncological Institute, Budapest, Hungary

The SSNTD and charcoal (the Hungarian standard) methods were compared
for testing the leakage of old medical Ra sources. Defining the sensitivity of the
given method as signal to noise ratio using similar exposure times, the SSNTD
method proved to be 2-3 orders of magnitude more sensitive than the charcoal
one. Due to this reason SSNTD method gave positive results also in cases where
charcoal tests failed. The radon emission threshold of Ra sources by this method
(in a given geometry) can be tested in 4- and 8-hour runs for CR-39 and LR-
115 detectors, respectively. Comparing irradiation chambers of different material,
it turned out that special care must be taken to prevent radon from escaping
in order not to falsify the results. Moreover at the Hungarian standard method
radon can easily escape from the plastic cup through the plastic material itself and
through smaller openings on the cup. Examining the same source in a more tight
weighting bottle with a ground-in stopper also sensitivity of the charcoal tablet
was increased, but never achieved the SSNTD one. As it was expected, by using
simultaneously the two radon detectors in the same cup the results given by the
SSNTD were also falsified due to the radon absorption in the charcoal tablet.

Table 1. Recent leakage testing results of some medical 26Ra sources by 22Rn detection

Source Kxp .- Measured data* Estimated Leakage teat
22eRa time TR-115 CR-39 charcoal free 222Rn results
rhl [a-track/cm21 [cpe) activity [Bql SSNTD charcoal
Needle 6 16 52 nd 5-45
<3 me) 24 36 92 nd
72 75 135 nd -
72 nd nd 0.5 - -
Tube 1 6 19 41 nd 3-50 -
(G mg) 24 23 1.1 nd -
72 61 202 nd -
72 nd nd 0.5 - -
Tube 2 6 250 609 nd >700
(10 mg) 6 nd nd 1 . <+/-)
96 4_4-10e 9.8-10B nd >1000 +
96° 1.2-10« 4.2-10« 25 162 +/-) +
96 nd nd 29 - +
Tube 3 6 700 1200 nd >1000 +
(10 mg) 6 nd nd 1.5 . <+/-)
96 4+100 8.6-10B nd >5000 +
96° 2.6-10B 6.6-10B 18 >3000 + +
96 nd nd 23 - +

< background ie aubstracted, which e 40/45 track/cu2 for LR-115 and 20/90
for CR-39 before and after mailing, respectively and 4-5 cpe for charcoal

b the leakage test is (+) if the estimated free 222Rn activity >185 Bq (SSNTD)
or if the measured charcoal activity is the twice of the background counts

° simultaneous track detector and charcoal exposition

1 Shortened from the paper presented at the Int. Workshop on Radium, Uranium Tho-
rium and Related Nuclides in Industry and Medicine: History and Current Uses,
Badgastein, Austria, Oct. 1-3, 1991.
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Background elimination treatment for TLDs

l. Uray t

t Present address: Forschungszentrum Julich GmbH, Jilich, Germany

A probable oxidation effect on the surface of LiF detectors may produce chemi-
luminescence, which appears as a high temperature background (HTBG). At lower
temperatures (200-300°C) it is possibly much higher than the infrared (IR) signals.
By plunging the detectors in methanol with a 0.2 % HF content before reading
out, it is possible to eliminate this disturbing effect. In this way lower detection
limits and better accuracy can be attained in the low dose range measurements,
and there also exists the possibility of fitting and measuring the high temperature
peaks more accurately than was previously possible.

Recently we investigated questions concerning the lowest possible detection
limit in dose measurements, the extension of the dosimetric use of high temperature
peaks and correct determination of the IR part of a glow curve.

All of these efforts, in conclusion, seem to be guiding us towards an investi-
gation of an incalculably high temperature background (HTBG), which appears
at different measurements. Its temperature region begins slightly lower than IR
radiation, but it shows a form similar to a peak with a maximum in the 350-400°C
region. This background in the peak 5 region of LiF detectors may measure a few
10 fiGy. It is, of course, a strong limit to the measurement accuracy.

The dosimetric use of peak 7 is also limited. In this temperature region the
HTBG may be much higher than the IR signals. It is, of course, an important
disturbing effect and may be a limitation for neutron dosimetry by TLDs, as well.

To avoid destroying of the detectors, a small HF content was mixed with
methanol. Experiments show that no more than 0.2 % HF in the methanol bath is
necessary and no longer than 2 minutes time is required for a sufficient treatment.

To test the effectiveness of this background elimination treatment (BET)
method, glow curves of TLDs were compared with and without BET before the
readout. Figure 1 shows a series of measurements of detectors irradiated by a dose
of 1.0 (Fig. la) and 0.1 (Fig. Ib) mGy dose of 137Cs gamma rays and exposed to
a room background (of about 0,08/iGyh-1 dose rate) for 120 h (Fig. Ic), accumu-
lating a dose of about 0.01 mGy. Curve 1 illustrates a conventional readout while
curve 2 is the glow curve after a BET of the detectors.

Fig. la shows that the BET ensures a good measurable peak 7 also in gamma
glow curves and in quite low dose ranges. This fact, above all, may be important
in neutron dosimetry, and Fig. Ic suggests a very low detection limit attainable
by using the BET method. The first measurements verify that applying the BET
method a gamma dose of 1-2 pGy and a neutron dose of 10 fj,Sv (in mixed 7-n-
radiation field) is by LiF-s measurable.
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By using this BET method both the conventional and the more complicated
glow curve deconvolution methods may work more precisely.

temperature

Fig. 1. Comparison of glow curves after conventional readout (curve 1) and a readout
after a BET (curve 2) for detectors irradiated by doses of 1.0 mGy (Fig. la), 0.1 mGy
(Fig. Ib) and .01 mGy (Fig. Ic), respectively.
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ANAL90: a New Computer Code for
Measuring and Handling X-ray Spectra

P. Kovacs

The Nz-881 Digital Signal Processor and Analyser developed in our Insti-
tute by T. Lakatos [1-3] is a fully digital equipment for processing the signals of
semiconductor X-ray detectors. Using a recently developed interface card [4] this
equipment is connected with an IBM PC/AT. For setting the parameters of the
signal processor and handling the spectra stored in the analyser memory of the
interface card a computer code has been developed.

The ANALY9O is a menu controlled, easy-to-use Personal Computer Analyser
Program which provides acquisition, displaying, storing and simple processing of
IK, 2K, 4K X-ray spectra. The 4096 channel acquisition memory can be divided
into 4xIK or 2x2K or Ix4K sector(s) and one of them is always active i.e. in which
the data acquisition can be performed.

The more than 40 functions of ANAL9O are arranged into three main menus.
While the first and third groups represent functions concerning mainly the usual
analyser functions the second group consists of file handling functions.

The analyser functions are as follows:

Erase, Start/Stop measurement

Set measuring time and NZ-881 parameters (peaking time,
adaptivity, noise discrimination level, gain)

Expand/Compress spectra in horizontal or/and vertical direction
ROI operations (Set/Delete ROI, calculation of ROI parameters)
Energy calibration

Sector operations (Set active/passive sector number,

set overlap mode, data transfer from active to passive sector)
Movement of spectra and channel cursor.

Functions of file menu:

- Save/Load spectrum data in binary or/and ASCII form
- Directory of current disk

- Peak evaluation (max 100 peaks) and Save/Load results
- Smoothing of ROI data.

The desired function can be selected by pressing the appropriate function key
or alphabetical key or key-combination. In some cases it is necessary to confirm
the intention.

All important parameters are displayed on the screen along with the spectrum
area (see Fig.l.)

A recommended minimum IBM PC/AT computer system should be equipped
with 512 K of installed RAM memory, a hard disk or floppy driver, an EGA/VGA
graphics card with a suitable monitor.
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Fig.l. The main analyser screen
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A Computer Package for Evaluation of
PIXE Spectra.

Gy. Szabo, I. Borbély-Kiss

A partly new computer package has been developed for the evaluation of PIXE
spectra on the basis of experience given by the application of the previous one
(PIXASE [1,2]). The changes were focussed on improvement of the stability of
spectrum fitting and on an easier handling, they did not touch the principles of
the concentration calculation.

The ASELES programme for spectrum evaluation except for some part of it,
has been replaced with the new PFIT programme. The function modelling the
X-ray spectrum, including parameters to be fitted, apart from the part modelling
the background has not been changed. The background is given by the following
formula [3]:

n
B(E) = fs(E)fa(E)fd(E)exp{B0+ £ exp[Br(E - EOQ)']}
i=i

where fa, fa and fd are the self absorption of the samples, the transmission of
the absorbers placed between the sample and the detector and the efficiency of
the detector, respectively. The last component is the background with parameters
B{. The free parameter Eo is the energy in the middle of the fitted region of the
spectrum, its introduction has only numerical reason. These functions are respon-
sible for the sharp curvature appearing at the low energy part of the spectrum.
When the experimental spectrum is divided by these functions, the logarithm of
the background as a function of energy is approximately linear at low energies. By
fitting a polynomial on the minima of the logarithmic spectrum we get appropriate
starting values for Br parameters to be fitted.

W ith the help of the present description for the background of spectrum, the
proper organization of the programme and the experience collected, we ended up
with a programme which requires only four starting values for parameters to be
fitted. They are the two constants of energy calibration and two more for the
energy dependence of the width. All the four can easily be calculated with the
help of the multichannel analyser from the energy-channel relation and from the
width (FWHM) of two appropriately chosen peaks.

In addition to the suitable estimation of parameters to be fitted the Newton-
method used for the solution of chi-square problem in ASELES has been replaced
by the Levenberg-Marquardt method [4], so the stability of fitting improved sig-
nificantly.

To handle the pile-up contribution a method described in [1] was used, which is
advantageous in the case of using a pile-up eliminator. It is also possible to make
dead time correction applying an external pulse generator or NZ-type (NZ-870,
NZ-871, NZ-881) signal processor unit [5,6].
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The concentration calculation is similar to that one in PIXASE. Absolute
concentrations or concentrations related to an internal standard of any element
can be calculated with the help of a library file obtained by PIXEKL programme
described in [2]. This programme calculates data of K and L X-ray lines and ifit is
necessary the contribution of secondary X-ray is also treated in a mathematically
exact way.
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A New Data Acquisition System for
Radiation Protection in ATOMKI

T.Lakatos

A new 24 channel intelligent data acquisition system was developed for col-
lecting the activity data detected by the gamma and neutron detectors mounted
in different places at the Institute.

The main function of the system is the autonomous acquisition of the hourly
number of counts of each detecting channel over a period of two weeks. Using
a PC with a program developed for this application (see chapter 2.2.) one can
visualize or print the acquired or previously recorded data in different form and
monitoring the momentary activity. Once a week it is necessary to record the data
accumulated during the previous week.

1. The Data Acquisition System

The data acquisition system consists of the following main units. The data is col-
lected in the static RAM memory of a one card microcomputer (developed at the
Cyclotron Laboratory of the Institute) with a Z80 microprocessor, with EPROM
program memory and with a serial input-output interface (RS-232). A direct mem-
ory access and increment (DMA) unit realises the connection between the RAM
memory and the other parts of the acquisition system. The hourly changing mem-
ory group address is given by a Xtal stabilised clock with a period time of two
weeks. The 24 input pulse-recognition and channel encoder unit gives the lower
bites of the current address according to the serial number of the channel in which
a pulse is detected. This unit also initiates the DMA memory increment action,
too if an input pulse occurs.

The clock (built with CMOS IC-s) has an alternative battery power, and the
static RAM memory has a battery back-up, too. Therefore, in the case of power
breakdown the data acquired remains true, and the clock is working on. After the
breakdown the acquisition system automatically continues working.

2. The Software

The software consists of two different programs. One for the microcomputer of
the data acquisition system (written in Z80 assembly) and the other for the PC
(written in Turbo Pascal).
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2.1. The microcomputer program

The program for the microcomputer serves for the data transfer from the RAM
memory to the PC through the serial input-output interface. Without an external
command this program is in waiting station (doing nothing). If an external com-
mand arrives it recognises and acknowledges the command message, and sends
the required data file to the PC. In the case of data recording if the action was
successful the PC program sends a clear message. After identification this program
clears the appropriate memory field which will now serve for the next week data.

2.2. The PC program

This is a menu controlled interactive program. An important function of the pro-
gram is the recording of the data accumulated during the previous week. Using
this program one can visualise the acquired or previously recorded data. The dis-
played form is a bar graph structure, which can show the hourly number of counts
for one selected channel or the data of each channel collected in a selected hour.
The program serves for printing the acquired or archived data in different forms,
too.

In the case of monitoring the computer display shows the momentary activity
of every channel in a bar graph structure. The bars serves like the hand of analog
ratemeters with linear or logarithmic scale.
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Activities at the Van de Graaff Accelerator
Laboratory

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

During 1991 the beam time of the VdG-1 machine amounted to 317 hours.
The accelerator delivered proton and helium beams according to the needs of
electron spectrometry group working in atomic physics, the only user this time.
The outstanding feature of this machine is its high ratio of maximum and minimum
energy values available; the generator covered in a series of measurements the
energy interval 0.05 —1.5MeV. Aiming at an improvement in deflecting beams
of higher magnetic rigidity the new analyzing magnet has been connected to a
power supply of higher current (up to 100 A). The mass-energy product of the
new analyzing system amounts to 20MeVamu/e2.

The 5 MeV Van de Graaff machine was operating for 2163 hours during this
period (Table 1).

Field Hours %
Atomic physics: 915 42
Nuclear physics: 858 40
Analytical studies: 352 16
Machine tests: 43 9
Total: 2163 100

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

In the experiments protons (63 %) and helium-4 ions (37 %) were accelerated.
The output current of the power supply for magnetic analyzer has been increased
by 50 % with a new construction having an eye on the application of light heavy
ions in experiments of ion-atom collision physics. New electrode plates have been
installed in the acceleration tube, they combine straight field configuration of axial
gradient modulation with an efficient screening of the insulator walls of the tube.
As a result, stable beam intensity and position have been obtained up to target
currents of 10 —20//A.
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Status Report on the Cyclotron

A. Valek

The operation of the cyclotron and the measuring centre were very similar
to those of the previous years; the later was mostly used in nuclear spectroscopy
studies. The overall working time of the cyclotron was 3717 hours and the break
down periods amounted only up to 83 hours. The utilization of the machine was
concentrated to 9 months; January, July and August were reserved for mainte-
nance. The cyclotron was available for users during 2779 hours, the effectively
used beam time is summarized in Table 1.

Tablet. Effectively used beam time

Projects Beam time %
(hours)

Nuclear spectroscopy 559 28
Nuclear reactions 344 17
Isotope production 859 43
Neutron source 151 8
M aterials sciences 67 3
Charged particle irradiation 24 1
Total 2004 100

In the maintenance period, beside the regular repairs and tests, in January the
newly installed process control system ofthe cyclotron was tested and the operators
were practiced in its use; in the summer period the cooling system was renewed.
The industrial process control system after some modifications in the software
worked without any trouble and helped the operators in setting the parameters of
the cyclotron and the beam transportation system. In 1991 the Cyclotron Depart-
ment has not any acting project to finance upgrading the IPC system or carrying
out other developments at the cyclotron.
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