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Data on ATOMKI

At present the Institute employs 199 persons. The affiliation of personnel to units of organization
and the composition of personnel are given below.
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Figure 1: Affiliation of personnel to units of organization
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Figure 2: Composition of personnel



Finance

The total budget of the Institute for the year 2000 was 866 million Hungarian Forints. The
composition of the budget and the share of personnel expenditure within the budget are shown below.

Figure 3: Composition of the budget of the Institute

MTA: Hungarian Academy of Sciences
OTKA: National Fund for Scientific Research

OMFB: National Committee for Technological Development

Figure 4: Breakdown of expenditure into personnel and non-personnel expenditures
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1.1 VT-symmetric Potentials from Variable Transformations

G. Lévai, M. Znojil

Non-Hermitian problems, like complex
guantum mechanical potentials have complex
energy eigenvalues in general. Recently it was
found that the spectrum of one-dimensional
complex potentials of non-relativistic quantum
mechanics have purely real energy eigenvalues
if the potentials are invariant under the simul-
taneous action of the P space and T time re-
flection operations. These PT-symmetric po-
tentials have the property [V(—=K]* = E(X).
Curiously enough, these potentials were found
in numerical studies, and it was only later that
exactly solvable PT-invariant potentials were
also identified. Many of these are the PT-
invariant versions of some well-known exactly
solvable potentials.

In order to put these fragmented results
into a more general framework, we performed
a systematic search for exactly solvable PT-
invariant potentials by reconsidering a power-
ful method of generating exact solutions of the
Schrodinger equation. This method is based
on the transformation of a second-order dif-
ferential equation with known solutions into
the Schrodinger equation. Taking the original
equation F"(z) + Q(2)F'(z) + R(2)F(z) = 0
one can show that the variable transformation
z — z(x) transforms it into the Schrddinger-
like equation tp"(x) + [E—V (X)]rp(x) = 0 with

E-VI=% 400

1dQ(z) 1 2
+TY BA -2 ¢, 4«T>) ID

and with general solutions of the form
m0) ~ (2'Y 3exp Q\] Q{2)dzp F{z) .

Exact bound-state solutions ¢pn(x) are then ob-
tained if one particular term on the right-hand
side of Eg. (1) is identified with the constant
E = En, and it is possible to transfer all the

dependence on n into this term. This require-
ment determines the function z(x) through a
first-order differential equation. Applying this
procedure to real potentials an irrelevant coor-
dinate shift appears as a constant of integra-
tion. We demonstrated that for PT-invariant
potentials this coordinate'shift plays a major
role if it is chosen to be imaginary [1].

We applied this procedure to problems
with bound-state solutions containing Jacobi
and generalized Laguerre polynomials and pre-
sented a systematic collection of PT-invariant
potentials [1]. We also showed that the energy
eigenvalues are real by construction for these
problems. The complex coordinate shift cor-
responds to shifting the integration path from
the real axis to a trajectory in the complex
plane parallel with the x axis, and this in-
fluences the normalizability of the states too.
This procedure cancels singularities at the ori-
gin, so radial problems originally defined on
the half axis can be extended to-full axis. This
also results in a richer energy spectrum.

This approach works for all the exactly
solvable problems related to the Jacobi poly-
nomials, however, among those based on the
generalized Laguerre polynomials, it leads to
normalizable solutions only in the case of the
harmonic oscillator. To define the PT invari-
ant version of the Coulomb problem, for exam-
ple, a more general trajectory has to be chosen
in the complex plane [2].

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

[1] G. Lévai, M. Znojil, J. Phys. A 33, 7165
(2000).

[2] M. Znojil, G. Lévai, Phys. Lett. A 271,
327 (2000).



1.2 Algebraic Aspects of PT-symmetric Potentials

G. Lévai, F. Cannataa\ A. Ventura®

PT-symmetric one-dimensional quantum
mechanical potentials have the invariance
property [V(—=K]* = V (x), i.e. they are in-
variant under simultaneous space (V) and time
(T) reflection. The, energy spectrum of these
potentials was found to be purely real in both
numerical and and analytical studies.

Many exactly solvable potentials are known
to possess some kind of symmetry property
formulated in terms of algebraic constructions,
therefore the question how this new symmetry
concept, PT-symmetry, is related to the exist-
ing ones emerges naturally. In our study [1]
we focused on the potential group approach,
which allows simultaneous description of the
bound and scattering states of certain poten-
tials in terms of unitary irreducible represen-
tations of a non-compact potential group. We
considered the potential

Vg = AZ=sG 1)lcosh2(x + ie)

sinh(x + ie)

vIA(Zer 1)cosh2(x + ie)

which is PT-invariant for real values of s, A
and e. There is an SO(2,l) potential group
associated with the Hermitian version of this
potential: its generators are first-order differ-
ential operators and its Casimir invariant is re-
lated to the Hamiltonian as H = —Gd—\ . We
generalized this algebraic construction to the
PT-invariant version of this potential, and we
reached the following conclusions:

» The bound states belong to the discrete
‘unitary irreducible representations of the
non-compact SO(2,1) group (which is lo-
cally isomorphic with SU(1,1)), and this

explains why the energy eigenvalues are
real [1].

» Resonance states of the Hermitian ver-
sion of this potential become- (real-
energy) bound states when PT-
invariance is imposed on the system.
These states belong to the irreducible
representations of another SO(2,l)
group, and these irreducible represen-
tations are non-unitary in the Hermitian
case, and become unitary when PT-
invariance is required. In the latter case
the two sets of bound states belong to
an SO(2,2) potential group, which is iso-
morphic with the direct sum of the two
SO(2,1) groups [1,2].

» We studied scattering solutions of the
VT -invariant problem, and calculated
the reflection and transmission coeffi-
cients. We showed that the \R\2+ |T|2=
1 relation breaks down, which is due to
the non-conservation of the flux [1].

0) Dipartimento di Fisica dell’Universita and
Istituto Nazionale di Fisica Nucleare,
Bologna, Italy

b) Centro Dati Nucleari, ENEA, and Istituto
Nazionale di Fisica Nucleare, Bologna,
Italy

[1 G. Lévai, F. Cannata, A. Ventura, J. Phys.
A 34, 839 (2001).

[2] G. Lévai, F. Cannata, A. Ventura, in
preparation.



1.3 Poincare Surfaces of Section for a Hydrogen Atom in a Uniform

Magnetic Field

M. Homdla\ S. Yoshidaa\ K. T&kési and J. Burgdorferi

The dynamics of a hydrogen atom in a uni-
form magnetic field is described in scaled cylin-
drical coordinates [1] by

H =i D R
(P, z,pp, pz) = i (pR+p2 + 2pp

1,2 1r
§B bgl-_z.

Putting Lz = 0, phase-space is spanned by
the coordinates p, z and their canonically con-
jugate momenta pp and pz. At a fixed (scaled)
energy classical motion is confined to the en-
ergy shell which is a three-dimensional sub-
space of the phase space. In the Poincare sur-
face of section, a two-dimensional slice through
the three-dimensional energy surface, all the
crossings of a trajectory in a certain direction
are recorded. These Poincare maps fully illus-
trate the structure of phase space: which re-
gions of phase space show sensitive behaviour
of trajectories to small changes in the ini-
tial conditions (i.e are chaotic) and which re-
gions contain regular trajectories. Periodic
orbits are characterized by a finite number
of points in the map, regular orbits fill a
one-dimensional subset of the two-dimensional
map and irregular orbits densely fill a finite
volume of the map. As an example, Fig 1
shows a Poincare map for E = —0.8 which
is still very close to its integrable limit (E —
—00).

m A AT o
& o- it.-IMW-A-IUIITL A

g N
4 HKNe . y
Bf

ipYo.i
B

Figure 1: Poincare surface of section for E=-0.8
(scaled units).

a) Institute for Theoretical Physics, Vi-
enna University of Technology Wiedner
Hauptstr. 8-10, A-1040 Vienna, Austria

[4] Friedrich H. and Wintgen D., Phys. Rep.
183, 37 (1989).



I. 4 Charged Excitons and Biexcitons in Magnetic Field

J. Zs. Mezei, K. Vargaa) and R. G. Lovas

In semiconductor quantum dots the elec-
trons (e) and the holes (h) are confined in
all space directions on a length scale compa-
rable to their de Broglie wavelength. The
guantum confinement profoundly affects the
Coulomb correlations between the charge car-
riers. The enhanced electron-hole correlations
result in stable (e,h,h) (e,e,h) and (e,e,h,h) ‘ex-
citonic complexes’. The properties (e.g., spin
configurations, binding energies etc.) of these
species can be controlled by an external mag-
netic field as well as by manipulating the shape
and size (that is the confining potential) of the
quantum dot leading to various possible appli-
cations (quatum gates, lasers, single-electron
transistors etc.).

The aim of this work is to investigate the
properties of the excitonic complexes in a mag-
netic field. Due to the large effective dielectric
constant and small effective masses, the mag-
netic field strongly modifies the ground states
and the excited states of these Coulombic sys-
tems.

The Coulombic few-particle problem in an
external magnetic field is solved by the sto-
chastic variational method with a correlated
Gaussian basis (SVM) [1]. To conform with
the cylindrical geometry, a cylindrically sym-
metric correlated Gaussian basis is introduced.
This basis has proved to be very efficient. Its
application has improved the results of the best
available calculations for H~ and He in mag-
netic fields by 2-3 digits.

The strength of the magnetic field and the
electon-hole (effective) mass ratio were varied
in a wide range (from 0.0008 to 100 a.u. and
from 0 to 1, respectively). The calculations
were performed for different spin and orbital
angular momentum projections (S, J1) with re-
spect to the symmetry axis.

In the absence of a magnetic field only
the ground state of (h,h,e) and the ground
state and one excited state of (h,e,e) as well
as (h,h,e,e) are bound, but there are an infi-
nite number of bound states when the mag-
netic field differs from zero.

For the H_ and Ps- ionsthe (E= 0,A=0)
state is the ground state if the magnetic field
is weak, but, due to the Zeeman energy, the
(S = 1, A= 1) state becomes the ground state
as the magnetic field is increased. As an illus-
tration, Fig. 1 shows how the energies of the
lowest-lying states of the H- system depend
on the strength of the magnetic field.

Figure 1: H energies versus field strength with re-
spect to the threshold of full disintegration.

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

[4 Y. Suzuki and K. Varga: Stochastic varia-
tional approach to quantum-mechanical
few-body problems (Springer, Berlin,
1998).



I. 5 Unbound States in Coulomb Few-body Systems

J. Zs. Mezei and R. G. Lovas

The discrete eigenstates of a physical sys-
tem can be classified as bound and unbound
states, and the latter includes resonances and
antibound or virtual states. All these states
can be identified with poles of the S-matrix
of the system. The theoretical methods to
describe few-body bound states are standard,
mostly variational. The localization of the
poles amounts to determining the energies and
widths, and the theoretical methods mostly
imitate the bound-state methods.

@ ImK

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

The poles of the S-matrix of a system with
short-range attractive interactions and possi-
ble potential barriers are located as is shown
schematically in Fig. 1. In these systems the
poles can be moved between the bound- and
unbound-state regions by varying the strength
of an attractive potential term. This makes it
possible to extrapolate the bound-state results
to the unbound-state region. This method is
called the method of analytic continuation in

the coupling constant [1], and it has been suc-
cessfully applied to nuclear few-cluster prob-
lems [2] in combination with correlated Gaus-
sian bases [3]. Unlike all other bound-state-like
methods, it works for broad resonances and for
virtual states as well.

For pure Coulmb problems, this method
does not seem to work so simply. The energy
levels of the hydrogen atom will never cross
the threshold by varying the strength of the
Coulomb potential. Although the multipar-
ticle Coulombic systems do have resonances,
they behave somewhat similarly: their bound
states will never get bound and their unbound
states will never get unbound by scaling the
unit charge.

In this work we nevertheless attempt to ap-
ply the ACCC method to purely Coulombic
systems. The clue to the problem may come
from the close analogy between a resonance of
a Coulombic few-body system and that in a
short-range potential. A H_ state can be visu-
alized like the state of an electron captured by
a short-range potential, which comes about by
a polarization of the H atom by the electron.
Any such resonance can be made bound by
adding to the interaction an attractive short-
range potential, and its original position can
be restored in exactly the same way as in a
nuclear case, by extrapolation.

The results obtained so far are encourag-

ing.

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

[2 I. Tanaka, S. Suzuki, K. Varga and R. G.
Lovas, Phys. Rev. C 59, 1391 (1999).

[3] Y. Suzuki and K. Varga: Stochastic varia-
tional approach to quantum-mechanical
few-body problems (Springer, Berlin,
1998).



2.1 A Simultaneous Measurement of the QCD Colour Charges and
the Strong Coupling from LEP Multijet Data

B. Dienes, Z. Trocsanyi

e~-e *annihilation into hadrons at high en-
ergies provides a clean environment to test
Quantum Chromodynamics (QCD). Basic in-
gredients of QCD are the strong coupling, as,
and the underlying gauge group.

The simultaneous measurement of the
strong coupling and the -eigenvalues of the
Casimir operators of the gauge group (called
colour charges), Cf and CA, provides a more
general and comprehensive test of QCD than
measurements of one of them alone.

To perform asimultaneous measurement of
as and the colour charges we use the differen-
tial two-jet rate, D2(y23) = |/*totdcr/dy23 ,
where y23 is the ycut value for which the two-
and three-jet configurations are separated in a
given event, and the four-jet rate, R.\(ycut) =
N—jet(i/cut)/&tot-

We also use four-jet angular correlations
(i) the Bengtsson-Zerwas angle, (ii) the modi-
fied Nachtmann-Reiter angle, (iii) the Kdrner-
Schierholtz-Willrodt angle, (iv) the angle be-
tween the two lowest energy jets.

We defined the jets using the Durham clus-
tering and selected four-jet events at ycut =
0.008. For jet-related variables both next-to-
leading order (NLO) and next-to-leading loga-
rithmic (NLL) perturbative results are known.
In order to have the best possible theoretical
description, we fit the experimental data to the
matched NLL and NLO results.

In order to compare our (detector level)
data to the parton level theoretical predictions
the measured distributions were corrected for
the effects of the detector and hadronization
using bin-by-bin correction.

Having prepared the corrected distribu-
tions, we performed a x2 minimization to
determine the values of the variables 7 =
asCf/{2w), x = Ca/Cf and y = Tr/C ¥ with
the program MINUIT.

The systematic uncertainties were evalu-
ated by considering the following effects: (i)
the measurement process and accuracy of the
Monte Carlo detector simulation, (ii) depen-
dence on the model of hadronization, (iii) de-

pendence on the choice of the renormalization
scale, (iv) variation of the matching scheme,
(v) variation of the fit range, (vi) the back-
ground from five parton events, (vii) variation
of the parameter ycut-

The procedure outlined above yields

CA/Cp = 2.25 £ 0.08stat £ 0.14syst,
Tr/Cf = 0-37 = 0.04stat + 0.06syst.

Previous results OPAL results

————— ALEPII (95% C.L.) 95 % C.L.
O ALEPH (68% C.L.) w 68 % C.L.
DELPHI (68% C.L.) SU(@3) QCD
OPAL (68% C.L.) 3 light gluino
¢\
. —V-.
\ ipr f\
)
P TUU U 1o Imslixdd 11m wal. . ill, i. 4
125 15 175 2(1 225 25 275 30 325 35
ca/C,,

Figure 1: Two dimensional plot of the ratios of
the colour factors comparing with previous results
of the LEP experiments. The legend in the top right
comer describes this analysis. The contours are
based on total uncertainties.

To compare the results to previous mea-
surements, we show the two dimensional 68%
and 95% C.L. contour plots of the colour fac-
tor ratios based on total uncertainties in Fig.
1 Finally, we converted our measured param-
eters to the standard QCD parameters, which
leads us to our main results:

as = 0.120 + O.Ollstat = 0.020syst,

CA = 3.02+ 0.25stat + 0.49syst,

Cp = 134+ 0.13stat + 0.22syst.
These values are in agreement with SU(3) val-
ues of Ca — 3 and C'f = 4/3 as well as with
measured values obtained previously at LEP
and the corresponding strong coupling value is

in agreement with the world average. Detailed
description of this analysis can be found in [I].

[1] CERN-EP/2001-01, hep-ex/0101044



2.2 Threshold Behaviour of Electronic Stopping Power of Deuterons

in 3He Gas

LUNA Collaborationa) (Zs. Fulop, Gy. Gyirky, E. Somorjai)

The energy loss of deuterons in 3He gas was
measured at =15 to 100 keV using the 3He
pressure dependence of the 3He(d,p)4He cross-
section at a given incident energy. The mea-
surements were carried out at the 100 keV ac-
celerator of the Ruhr-Universitdt Bochum. A
windowless 3He gas target was bombarded by
intense deuteron beam. The beam intensity
was measured by a 4W calorimeter. The tar-
get pressure varied between 0.05 and 0.5 mbar
and was measured by a Baratron capacitance
manometer. The high energy protons from the
3He(d,p)4He reaction were detected by eight Si
detectors placed around the beam axis.

Since the cross section of 3He(d,p)4He re-
action drops exponentially with decreasing en-
ergy, the stopping power at a given incident
energy can be determined from the reaction
yield measured as a function of gas pressure.
At the highest energies, the observed energy
loss is in good agreement with a standard
compilation [1]. However, with decreasing en-
ergy the experimental values drop steadily
below the theoretical values and near Ei =18
keV they drop sharply (within 1 keV) reach-
ing the domain of nuclear stopping power
(Fig. 1). This threshold behavior is due to
the minimum Is — 2s electron excitation
of the He target atoms: Ee* n = 19.8 eV,
which translates into a deuteron en-
ergy Ed= (md/4me)(l+me/md)2Eelm,, =
18.2 keV. Below this energy, the electron cloud
of the He atom cannot be excited via an ion-
electron interaction and thus the electronic
energy loss vanishes leaving solely the nuclear

stopping power.

Fig. 1 shows the measured and theoretical
stopping power as a function of energy. The
threshold effect is clearly visible. More details
and some consequences are discussed elsewhere

[2].

DEUTERON ENERGY [keV]

Figure 1: Energy loss of deuterons in 3He gas as

function of deuteron energy. The “electronic” curve

represents the electronic stopping power from the com-

pilation [1] based on data above 80 keV [indicated as

experiment(compilation)] and the “nuclear” curve is.
the expected nuclear stopping power [1]. The present

data show a threshold effect in the electronic stopping

power at Ed = 18 keV.

a) for full list of authors see: Eur. Phys. J.
A8, 443 (2000).

[ H.Andersen, J.F. Ziegler, The Stopping
and Ranges of lons in Matter (Pergamon,
New York, 1977) and SRIM-2000.

[2] A. Formicola et al., Eur. Phys. J. A8, 443
(2000).



2.3 Measurement of (p,7) Cross Sections Relevant to Astrophysical

p-process
Gy. Gyurky, E. Somorjai, S. Harissopulos °)

The p—process nuclei are the proton-rich
isotopes that are blocked from production in
the r- and s- processes by stable nuclei. Cal-
culation of the abundances of the p-process
nuclides tipically requires extensive numbers
of reaction rates (many of which are either
(p,7) or (7,p) reactions). Very few cross sec-
tions relevant to these processes, which in-
volve light ions on relatively heavy nuclei, have
been measured at energies appropriate to as-
trophysics, leaving these reaction networks de-
pendent upon theoretical estimates calculated
through statistical models. This fact has mo-
tivated the present work.

In the framework of' a Greek-Hungarian
collaboration we measured the (p,7) cross sec-
tion of all four stable Sr isotopes in astro-
physically relevant energy range [1,2]. In case
of three isotopes (8486:87Sr) the (p,7) reac-
tion product is radioactive, thus the cross sec-
tions can be measured using activation tech-
nique. This was carried out at the 5SMV Van
He Graaff accelerator of the ATOMKI in the
energy range between 1.5 and 3 MeV with
steps of 100 keV. The 88Sr(p,7)89Y reaction
was studied at the Dynamitron Accelerator of
the Institute fir Strahlenphysik in Stuttgart
using on-line 7-detection. The energy range of
1.5-3.5 MeV was covered with steps of either
25, 50 or 100 keV.

The resulting cross sections are compared
to Hauser-Feshbach statistical model calcula-
tions carried out using the MOST and NON-
SMOKER codes. In case of two isotopes
(84'88Sr) the model calculations are in satisfac-
tory agreement with the experimental results,
while for the other two isotopes (8687Sr) both
calculations strongly overestimate the mea-
sured data. Astwo examples the astrophysical
S-factors derived from the measured and cal-

culated cross sections as a function of center of
mass energy can be seen in Fig. 1-2.

Figure 1: Measured and calculated S-factor of the
84Srfp,")"5Y reaction. The calculations are in satis-
factory agreement with the experiments.

Figure 2: Measured and calculated S-factor of the
87Sr(p,")ss Y reaction. The calculations strongly over-
estimate the experimental data.

a) Institute of Nuclear Physics, NCSR
”Demokritos”, Athens, Greece

[1] Gy. Gyirky et ai, Nuci. Phys. A (in
press).

[2] S. Harissopulos et al., Nuci. Phys. A (in
press).



2.4 Coulomb Dissociation of 23Al

T. Gomia\ T. Motobayashial K. Yonedabh S. Kannoa\ N. Aoicd\ Y. Andoa\ H. Babaa\ K. Demichia\
Zs. Fulop, U. Futakamia\ H. Hasegawaa\ Y. Higurashia\ K. lekia\ N. Imaic\ N. Iwasad\ H. Ilwasakic\
T. Kubob\ S. Kubonoc\ M. Kunibual Y.U. Matsuyamaal S. Michimasac\ T. Minemuraa\

H. Murakamia\ T. Nakamurae\ A. Saitoa\ H. Sakuraic\ M. Serataa\ S. Shimouracd\ T. Sugimotoé\
E. Takeshitaa\ S. Takeuchial K. Uedl K. Yamadaa\ Y. Yanagisawabh A. Yoshidab M. Ishihara?1

It has been pointed out that the 22Na
yields obtained from the observation of cos-
mic 7 rays are significantly lower compared to
the calculated value for the hot Ne-Na cycle
(20Ne(p,7)21Na(p,7)22Mg(/?+i/)22Na) [1]. This
discrepancy might be due to the ambiguity
of the employed reaction rates. Therefore, it
is important to determine experimentally the
rate of 22Mg(p,7)23Al, which might lead to a
decrease of the 22Na.

Ground-state spin and parity J# of 23Al is
known to be 5/2+, and the proton separation
energy is 125T25 keV. The first excited state
(1/2+) is unbound, and the excitation energy
has already been measured to be 460+60 keV
using the transfer reaction 24Mg(7Li,8He)23Al
[2. This excitation energy close to the proton
separation energy implies considerable contri-
bution of the first excited state to the reac-
tion rate. In the present work we observed
the reaction 23Al(7,p)22Mg to determine the
5/2+ —1/2 + transition probability of 23Al us-
ing Coulomb dissociation.

The experiment was performed at the
RIKEN RIPS facility, where the 51 AMeV Al
beam was produced by projectile fragmenta-
tion reaction of a 135 AMeV 28Si beam on a
1.11 g/cm?2 9Be target. The typical secondary
beam intensity was around 2x 104 cps. The pu-
rity of 23A1 beam was about 7%. The nucleus
23A1 and a main contaminant 22Mg (56%) were
separated using time-of-flight(TOF) informa-
tion obtained from the signals of the cyclotron
RF and of a 0.5 mm thick plastic scintillator
located at a focal plane of the separator. The
23A1 beam bombarded a 80 mg/cm?2 208Pb tar-
get. A 38 mg/cm2 12C target was also used
to estimate contribution of nuclear interaction.
The position and incident angle of the beam at
the target were measured by two sets of par-
allel plate avalanche counters placed upstream

of the target. A stack of sixty-eight Nal(Tl)

scintillators was placed around the target to

measure deexcitation 7 rays. The products of
the breakup reaction were detected by a silicon

telescope and a plastic scintillator hodoscope

[3] located 56 cm and 4 m downstream of the
target, respectively.

The particle identification of the heavy re-
action products was performed by the AE-E
method using the silicon telescope, while for
the light reaction products, such as proton, by
the TOF-AT method using the scintillator ho-
doscope. The energy of 22Mg was obtained
from the total energy deposit on the silicon
telescope and the velocity of proton was de-
termined from the TOF information between
the target and the hodoscope. In order to de-
duce the relative energy of the breakup reac-
tion products measured in coincidence, the mo-
mentum vectors of the particles are determined
from their energies combined with the hit po-
sition on the silicon telescope.

The analysis of the data is now in progress.

a) Rikkyo University, Tokyo, Japan
b) RIKEN, Wako, Japan

c) University of Tokyo, Tokyo, Japan
d) Tohoku University, Sendai, Japan

e) Tokyo Institute of Technology, Tokyo,
Japan

[1 H. Schatz et ai, Phys. Rev. Lett. 79 3845
(1997).

[2] M. Wiescher et ai, Nuci. Phys. A484 90
(1988).

[3] I. Hisanaga et al., RIKEN Accel. Prog.
Rep. 31, 162 (1998).



2.5

Study of Low Energy Alpha Scattering on 2Mo

Zs. Fulop, Gy. Gyirky, Z. Maté, E. Somorjai, L. Zolnai,
P. Mohra\ M. Babilona\ D. Galaviza\ A. Zilgesa\ H. Oberhummerh)

a-nucleus potentials are important ingredi-
ents for the calculation of (7,0:) photodisinte-
gration rates in the astrophysical 7-process. It
has been shown that there are large uncertain-
ties for the prediction of (7,a) reaction rates
because of the limited knowledge of a-nucleus
potentials at the astrophysically relevant en-
ergies. For the reaction 148G d(7,a)144Sm the
uncertainty of the reaction rate could be re-
duced from a factor of about 10 to a factor
of 2 by applying the systematics of a-nucleus
potentials [1]. However, the improved pre-
diction based on a scattering experiment [1]
still overestimated the experimental data [2]
at very low energies. Therefore, a new a scat-
tering experiment on 92Mo was performed at
ATOMKI, Debrecen. For this N = 50 nucleus
one expects almost the same behavior of the a-
nucleus potential as for other semi-magic nu-
clei (like 144Sm). For 92Mo the a-nucleus po-
tential can be determined at lower energies be-
cause of the lower Coulomb barrier. Additional
astrophysical interest in this mass region comes
from a strong underproduction of p-nuclei in
the A ri 100 mass region in nucleosynthesis
calculations of the 7-process [3,4].

The setup for the scattering experiment
was similar to our previous experiment [1]. A
molybdenum-oxide target enriched to (97.33 +
0.04) % in 92Mo with a thickness of about
200/ig/cm2 was used to measure angular dis-
tributions at bombarding energies of about 14,
17, and 20 MeV. The count rates in the four
main detectors were normalized to two moni-
tor detectors mounted at 15° left and right to
the incoming beam to eliminate systematic un-
certainties. The experimental result at 20 MeV
is shown in Fig L

The energy dependence of the 92Mo-a po-
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tential can be extracted from the experimen-
tal scattering data at energies of 14, 17, and
20 MeV. This improved potential will be used
to calculate the 96Ru(7,a)92Mo reaction rate,
and the influence on the production factors of
the light p nuclei will be analyzed in the near
future.

Figure 1 Experimental cross section of
92Mo(a,a)92Mo compared to an optical model calcu-
lation with a real folding potential and an imaginary
Woods-Saxon potential.

a) Technische Universitdt, Darmstadt, Ger-
many
b) Technische Universitdt, Vienna, Austria

[ P. Mohr et al., Phys. Rev. C 55 1523
(1997).

[2] E. Somorijai et al., Astron. Astrophys. 333
1112 (1998).

[3] S. E. Woosley and W. M. Howard, Astro-
phys. J. Suppl. 36 285 (1978).

[4 M. Rayet et al., Astron. Astrophys. 298
517 (1995).



2.6

Excitation of the Spin-dipole Resonance in the (3He,t) Reaction

as a New Tool for Measuring the Neutron-skin Thickness

M. Csatlés, H. Akimuneal A.M. van den Berghh H. Fujimurac\ M. Fujiwaracc M. Hagemannd\ K.
Harac\ M.N. Harakehbh M. de Huubh T. Ishikawac A. Krasznahorkay, S.Y. van der Werfbl

A new method was recently developed for
studying the neutron-skin thickness [1]. It is
based on the excitation of the spin-dipole res-
onance (SDR). This resonance can be strongly
excited in charge-exchange reactions. In a re-
cent experiment, the SDR in the Sb isotopes
was excited by the (3He, t) reaction at E3jje =
450 MeV [1]. It was demonstrated that there
exists a correlation between the SDR cross sec-
tion and the neutron skin of nuclei.
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Figure 1: The difference of the spectra ob-

tained at B Lab = 2° and B Lab —0°, normalized
to the strength of the transition to the Isobaric
Analog State. The broad peak around 160 MeV
corresponds to the SDR.

The aim of a new experiment, performed
at the KVI in Groningen at E3jje = 177 MeV,
was to check the method at lower bombarding
energy, where the spin-independent part of the
nucleon-nucleon interaction is stronger. The
targets were 112414416:418420:422 124Sn with a
thickness between 4.75-12.7 mg/cm2 and an

1

isotopic enrichment between 75.0% - 96.6%.
The tritons from the (3He, t) reaction were de-
tected in the focal plane of the Big-Bite Spec-
trometer and its focal-plane detection system
constructed by the EuroSuperNova collabora-
tion. By measuring the horizontal and the ver-
tical angles of the outgoing tritons, the full
scattering angle was determined.

For a preliminary analysis of the data, the
difference of the spectra measured at 2° and 0°
(shown in Fig. 1) have been integrated for the
SDR energy region and the neutron-skin thick-
ness was calculated in a similar way as in Ref.
[1]. The results are compared to the previous
experimental ones and to the recent theoretical
predictions (cited in ref.l.). We have obtained
consistent results. (Fig.2)

L] present experiment
o P

] GDR excitation

A

SDR excitation at 450 MeV

theoretical results of
Angeli et al.

* Decharge et al.

Figure 2: The difference of the neutron and proton
rms radii vs Asn

In conclusion, the excitation of the dipole
strength in charge-exchange reactions provides
a new method for studying the neutron-skin
thickness and it can be used for a wide range
of neutron-rich unstable nuclei. A more precise
multipole analysis of the data is in progress.

a) JAERI, Tokyo, Japan

b) KVI, Groningen, The Nederlands

c) RCNP, Osaka University, Osaka, Japan

d) Laboratorium voor Kernfysica Universiteit
Gent, Gent, Belgium

[1 A. Krasznahorkay et al., Phys. Rev. Lett.
82, 3216 (1999).



2.7 The Half-life of 148Gd

Zs. Fulop, L. Bartha, Gy. Gyirky, E. Somorjai, S. Kubonoa\ H. Kudob D. Kajib)

148Gd is a member of the rare earth al-
pha emitter group near the N=82 closed
neutron shell, alpha-decaying with 100%
branching ratio and with alpha energy of
3182.68 keV+0.24 keV [1]. The relative half-
life error for isotopes having half-life between
1-400 years is below 3% on average, the ac-
cepted half-life of 148Gd has also similar, 4% er-
ror: T1Y/2=746+3.0y [2]. The accepted value,
however, is based on one experiment only,
while other measurements — although quoting
larger relative errors — also exist. Apart from
two measurements carried out in the fifties
[34] giving only upper limits (or rough val-
ues) on the half-life, there are three measure-
ments, with results as follows: T1/2=84+9 y
[5], 97.5£6.5 y, [6] and the accepted 74.6+3.0 y
[7]l. The weighted average of the three values
is TY2=81+10 y, and its relative error (12%)
is much higher than the one of the accepted
value or other alpha emitters. This is because
the accepted half-life is much shorter than the
previous values and the weight factor is not
large enough to eliminate the effect of the other
two data.

Better accuracy of the 148Gd half-life also
improves our knowledge on the nucleosynthe-
sis of the p-elements. Somorjai et al. [8] de-
termined one of the reaction rates responsible
for the synthesis of the p-nucleus 144Sm, i.e.
the reaction rate of 148Gd(7,a)144Sm, using
the 144Sm(a, y)148Gd reaction and detecting
the alpha-decay of the produced 148Gd nuclei.
This activation method implies the knowledge
of the half-life of the residual nucleus, and the
error of the half-life in question directly affects
the error in the reaction rate.

In order to determine the half-life we
started to follow the alpha decay of a weak
148G d/241Am mixed source with a compact
dedicated system. The source stability as well
as the electronics can be monitored by follow-
ing the yield of the long lived 241Am.

The system has been running for more than
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six months with data taking period of one
day. From the so far obtained decay curve (see
Fig 1) the preliminary result is T12=65 + 7y.
This value supports the validity of the accepted

1BGd yield

Figure 1: The measured decay curve of 148Gd with
an exponential least-square fit.

a) Tokyo University, Tokyo, Japan

b) Niigata University, Niigata, Japan

[1 A. Rytz, At. Data Nucl. Data Tables 47
205 (1991).

[2] L.K. Peker, Nucl.
(1990).

Data Sheets 59 393

[3] J.O. Rasmussen et al., Phys. Rev. 89 33
(1953).

[4 Yu.A. Surkov, Doki. Akad. Nauk 115 904
(1957).

[B] A. Siivola, Ann. Acad. Sei. Fennicae, Ser
A VI, No.109 (1962).

[6] A.M. Friedman et al., Radiochim. Acta 5
192 (1966).

[71 R.J. Prestwood et al., Phys. Rev. C24

1346 (1981).

[B] E. Somorjai et al., Astr. and Astrophys.
333 1112 (1998).



2.8

Beta Decay Study of 148Tb Using Total Absorption Technique

A. Algoraa\ B. Rubiob E. Nacherb D. Cano-Ottc\ J. L. Tainbh A. Gadeabh J. Agramunth
M. Karnyd\ Z. Janasd\ K. Rykaczewskid\ E. Roeckle\ R. Collatze\ M. Hellstrome\ Z. Hue\ R.
Kirchnere\ M. Shibatae\ L. BatistF. Moroz®, V. Wittmann”?

Precise measurements of the /3-decay
strength are necessary to obtain information
on nuclear structure and to have a better un-
derstanding of the weak process. From this
point of view particularly interesting cases are
the nuclei in the A”150 region, which repre-
sent the heaviest nuclei where the aT resonance
is populated in /3+-decay.

The main experimental difficulty in this
kind of measurements is related to the pre-
cise determination of the /3-decay feeding at
high excitation energies. Due to the high level
densities, and to the large number of possible
decay paths at high excitation, the determina-
tion of the feeding from conventional high res-
olution techniques becomes an almost impos-
sible task. One possible solution to overcome
this problem is the use of a total absorption
device which is sensitive to the ”~-population
of the nuclear levels rather than to the indi-
vidual gamma rays. A total absorption spec-
trometer of this type has been installed in the
GSI [1]. It is based on a large Nal crystal cov-
ering almost Ak geometry, with a set of two
Si detectors for the detection of the R parti-
cles and a small Ge detector for the detection
of the X-rays. The use of these ancilliary de-
tectors gives the possibility of measuring the
signals in the Nal crystal in coincidence with
the betas (Bx decay) or with the X-rays (EC
process). This device has been used to mea-
sure the B+/EC decay of 148Tb and 150Ho. In
both cases there are two B+ decaying isomers,
which can be produced separatedly using dif-
ferent compound reactions.

Simple shell model considerations predict
the observation of little /3-strength in the case
of the 148Tb 2*“ decay and a resonance at
aproximately four times the pairing gap in the
case of the 150Ho 2~ decay. The resonance
of the 150Ho case has been experimentally ob-
served using the TAS technique [2]. Here we
present the results of our complex analysis for
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the 148Tb 2“ decay. The analysis process re-
quires the deconvolution of the measured spec-
tra with the response function of the detector.
For the determination of the response function
the GEANT3 Monte Carlo code was used.

In Fig. 1 we present the strength obtained
after the deconvolution of the TAS spectra
measured in coincidence with the X-rays. This
work was supported by the AEN99-1046-C02-
02 CICYT project (Spain), the HPMF-CT-
1999-00394 (EU) and by the MTA-CSIC col-
laboration.

7
x10

Figure 1: Gamow-Teller strength mea-
sured in the decay of 148Tb 2~ from the
EC process.

a) ATOMKI and IFIC,Valencia, Spain

b) IFIC,Valencia, Spain

c) CIEMAT, Madrid, Spain

d) University of Warsaw, Warsaw, Poland
e) GSI, Darmstadt, Germany

f) NPI, St. Petersburg, Russia

[1] M. Karny et al, NIM 126 (1997) 411.

[2] A. Algora et al.,, Nuc. Phys. A654 (1999)
727c.
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A. Algoraa\ J. Cseh, P. O. Hessh and M. Hunyadi

Following our former studies on the exten-
tion of the applicability of the SACM (Semimi-
croscopic Algebraic Cluster Model) to heavy
nuclei, we have performed a sistematic study of
the effects of nuclear deformation on the clus-
terization of heavy nuclei. For these studies we
have applied the U(3) selection rule [1] com-
bined with ’effective’ U(3) representations [2].
The effective U(3) representations that char-
acterize the nuclei of interest were determined
following the prescription outlined in ref [3].

There are many interesting questions that
can be addressed in this rather simple frame-
work. One of particular interest is if there are
allowed clusterizations in case, we change the
deformation of the parent nucleus (for example
from normal deformation to superdeformation
or hyperdeformation). With this purpouse in
mind we have studied all the possible binary
clusterizations of normal deformed and of an
‘hypothetical’ superdeformed 252Cf. The ob-
tained results are presented in Fig. 1. As
in the former calculations the daughter nuclei
(clusters) are considered to have ground state
deformations.

It is interesting to see that in the normal
deformation case there are not allowed clus-
terizations for 252Cf, but a clear tendency to
cluster radioactivity can be deduced from our
results. For the superdeformed case, as a main
difference, we have allowed clusterizations as
well.  The regions of allowed clusterizations
correspond to two particular cases: 1. both
clusters having large prolate quadrupole defor-
mation (region with Zught® 36), 2. one clus-
ter with prolate quadrupole deformation and
the other with oblate deformation (region with
Zlight~ 22).

In comparison with the penetrability cal-
culations, our structure considerations reflects
another aspect of the fission process. The pen-
etrabilities are mainly related to the Coulomb
forces, while the structural effects are gov-
erned by the Pauli principle. This work was
supported by the OTKA (No. T22187) and
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Shape Effects on the Clusterization of Heavy Nuclei

by the MTA-CONACYT collaboration (E120-
550/95).

Normal deformed
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Figure 1: The reciprocal forbiddenness S (see ref [3])
versus the Zught of the studied fission channels. Zught
fully determines the fission channel for binary fission
channels. The values of S correspond to mean values
over channels that have the same Zught and different
Aughtm In the upper part of the figure the parent nu-
cleus has a deformation § ~ 0.22. In the lower part
of the figure the parent nucleus has a ‘hypothetical’
superdeformation B ~ 0.6 The Z dependence clearly
shows a non-uniform behavior.

a) ATOMKI and IFIC, Valencia, Spain

b) Instituto de Ciencias Nuclerares, UNAM,

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

L97 (1993)

[2] D. J. Rowe, Prog. Part. Nucl. Phys. 37,
265 (1996).

[B] A. Algora et ai, J. Phys.
(1998)

G 24, 2111
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J. Cseh

An atomic nucleus may show evidence for
different cluster configurations in different re-
gions of the excitation energy, or even at the
same energy. The wave functions of these con-
figurations are not orthogonal to each other,
they may have considerable overlap. By ap-
plying harmonic oscillator functions this kind
of overlaps have been studied extensively by
several authors (see e.g. [1] and references
therein).

In the semimicroscopic algebraic cluster
model (SACM) [2] the clusterization of atomic
nuclei is described in a fully algebraic way,
i.e. not only the basis states are symmet-
ric, but the interactions (and other physical
quantities) as well (they are represented by
operators with well-defined symmetry proper-
ties). Therefore, we can study in this frame-
work the possible dynamic symmetries of the
Hamiltonians of the coexisting cluster config-
urations, too. Recently it has been shown
[3] that a symmetry which connects two bi-
nary fragmentations is related to the Talmi-
Moshinsky-Smirnov transformations [4] of an
underlying three-cluster configuration.

We consider two different clusterizations of
an atomic nucleus, both of them consisting of
two clusters:

c:Ci+C2 d:D\+ D2 1)

(An example is the 24Mg + 4He and 12C +
160 configurations of the 28Si nucleus.) Their
relation can be established as follows.

Let us suppose that the relation of the
mass-numbers of the clusters are:

md > Ac2, Aoj > Ad2, ADl >ACl, (2)

what can be done without any loss of gen-
erality. (In the example of the 28Si nucleus,
mentioned before, Ci:160, C2:12C, £>i:24Mg,
U2:4He.) Let us consider the three-cluster con-
figuration

(Ci)+ (CD) + (D2, (CD) = (C2-D 2). (3)

(In the example: 160 + 8Be + 4He.) We
choose the following two sets of Jacobi coor-
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Coexisting Cluster Configurations and their Symmetries

dinates:

tc=rDi - rCD, Sc=rcj—

(M2r(2 + Mcd”cd)/(MD2 + Mcd)\ /4s

td=rcy - rcd, sd=ro2-

(Mcnrej + MCd*cd)/{Mcl+ Mod),
where M is the mass and r is the space vector
of the corresponding cluster. Then, obviously,
the clusterization Ci + C2, corresponds to the
coordinate-set ¢ with some restriction on tc,
while clusterization D\+ D 2 corresponds to the
coordinate-set d with some restriction on t”.

The transformation from the clusterization
Ci + C2 to that of D\ + D2 amounts up to
a transformation between the two sets of Ja-
cobi coordinates: tc,sc and t*, sd. These kind
of transformations are known as the Talmi-
Moshinsky-Smirnov transformations [4]. They
have a Uq(2) group structure [5], where q refers
to the quasispin group, which acts in the par-
ticle index space [6].

Work is in progress in order to fully explore
the group-structure of the multichannel sym-
metry, and construct its physical operators.

The multichannel symmetry is very restric-
tive (in the sense of requiring very strong cor-
relations between the different cluster configu-
rations), and due to the same reason it seems
to have a strong predictive power [7].

[1] H. Horiuchi, Prog. Theor. Phys. Suppl.
62 (1977) 90.

[2] J. Cseh, Phys. Lett. 281B (1992) 173;
J. Cseh and G. Lévai, Ann. Phys. (N.Y.)
230 (1994) 165.

[3] J. Cseh, in Proc. XXIV Symp. on Nucl.
Phys., Taxco, Mexico, 2001, to be pub-
lished.

[4 H. Horiuchi, Prog.
(1977) 204.

[5] A. Gal, Ann. Phys. (N.Y.) 49 (1968) 341.

[6] V. Bargmann and M, Moshinsky, Nucl.
Phys. 18 (1960) 697.

[7] J. Cseh, Phys. Rev. C 50 (1994) 2240.
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J. Cseh

A simple selection rule, based on the micro-
scopic nuclear structure, may provide us with
a straightforward explanation for several inter-
esting features of the molecular resonances. As
an illustrative example we consider here the
24Mg + 24Mg system.

The U (3) selection rule is based on the con-
nection between the U(3) basis states of the
shell model and the cluster model [1]. In brief,
it requires a matching between the U(3) quan-
tum numbers of the shell-model state, and the
direct product of the quantum numbers cor-
responding to the (shell model) states of the
clusters and relative motion(s). It can be ap-
plied in relation with bound-states, as well as
with resonant states of light nuclei (in which
the 17(3) symmetry is approximately valid) [2].

In particular, a two-cluster configuration
is allowed if the [n!,M2,n3] Young pattern of
the leading representation of the whole nu-
cleus matches with one of the results of the
direct product representations of the two clus-
ters and the relative motion: [nfl,n*"1,n*"]]®
[nf2,n*2,nf2] g[n, 0,0].

The U(3) selection rule is based on the mi-
croscopic structure (it takes into account the
consequence of the antisymmetrization), and
incorporates the (cilindrical or triaxial) defor-
mation of the nuclei, as well as the possibility
that they may have arbitrary orientation with
respect to the molecular axis.

In the 24Mg + 24Mg reactions the exper-
iments show narrow, high-lying quasibound
states [3]. The preferred exit channels are
the elastic and inelastic scattering, while the
alpha-transfer channel has much smaller re-
duced width. The level density is larger than
that of the shape resonances, but smaller than
that of the compound states.

Several studies, based on the potential en-
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ergy surfaces, associate these resonances with
a pole-to-pole configuration of the two prolate
nuclei [3].

The 17(3) selection rule applies to this
case as follows. The (Pauli-allowed) pole-
to-pole configuration of the two 24Mg nuclei
with [16,8,4] leading representation results in
a [84,12,12] symmetry, which corresponds to
a 3:1 ratio of the main axes, i.e. to a hy-
perdeformed state [4]. Based on the selection
rule, one can determine the allowed and for-
bidden cluster configurations. If we restrict
our interest on binary clusterizations, and on
ground-state-like configurations of the clusters,
it turns out that the allowed mass channels are
the (approximately) symmetric ones: (24+24),
(25+23), (26+22), (27+21), while the more
asymmetric channels, including those of the
alpha-transfer, are forbidden. Therefore, the
structural forbiddenness may provide a natu-
ral explanation for the small reduced width of
the transfer reaction.

As for the level density of the resonances,
the molecular picture has a simple candi-
date for the relevant degrees of freedom, too:
namely, the coupling between the relative mo-
tion and the internal structure of the clusters.
This certainly results in an intermediate level
density between those of the shape resonances
and compound states.

[1 J. Cseh, G. Lévai, A. Algora, P. O. Hess,
A. Intasorn, K. Kato, Heavy lon Physics
12 119 (2000); and references therein.

[2] J. Cseh, J. Phys. G19, L97 (1993).

[3] E. Uegaki, Prog. Theor. Phys. Suppl.
132, 135 (1999); and references therein.

[4 J. Cseh, in preparation.
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Proton Emission from Gamow Resonance

B. Barmorea\ A. T. Kruppa, W. Nazarewicza\ T. Vertse

The newly developed non-adiabatic
coupled-channel equations are used [1,2] to
study proton radioactivity. The new method,
working in the weak coupling regime of the
particle-plus-rotor model, allows for the inclu-
sion of excitations in the daughter nucleus.
This can lead to very different predictions for
lifetimes and branching ratios as compared to
the standard, adiabatic approximation. Cal-
culations are performed for a ranged of exper-
imentally seen, non-spherical nuclei beyond
the proton drip-line. By comparing theory
and experiment we are able to deduce the
angular momentum content of the proton’s
single-particle orbital.

Just beyond the proton drip-line are nuclei
unstable against proton emission. In these nu-
clei there is competion between the Coulomb
repulsion between protons and the significant
Coulomb barrier. This leads to lifetimes from
microseconds to full seconds for these nuclei.
While this is a complicated, many-body prob-
lefn, much insight may be gained by consid-
ering the simplified problem of a single pro-
ton penetrating the Coulomb barrier of the re-
maining core. It has been found that this sim-
ple, one-body picture works surprisingly well.
In many cases we have been able to determine
the angular momentum content of the reso-
nance and the associated spectroscopic factor.

The past few years have seen a explosion of
exciting discoveries in this field including new
ground state and isomeric proton emitters and
the first evidence for fine structure in proton
decay. The focus of recent investigations has
been on well deformed nuclei which exhibit col-
lective motion. These are of particular interest
due to the interplay between proton emission
and angular momentum.

The theoretical description of long-lived
proton emitters requires a detailed under-
standing of narrow resonances. For spheri-
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cal systems there are many methods on the
market which give similarly precise descrip-
tions. The array of tools available for deformed
emitters is not as well developed. Those that
have been developed fall into three general
categories. The first family of calculations is
based on the reaction-theoretical framework of
Kandenskii. The second suite uses the the-
ory of Gamow (resonance) states. Recently a
third approach based on the time-dependent
Schrédinger equation has been introduced.

In all of these previous attempts the strong
coupling approximation of the particle-plus-
rotor model has been used. The core is taken
to be a perfect rotor with infinite moment of in-
ertia. This has the effect of collapsing the rota-
tional spectrum of the daughter to the ground
state and neglecting the Coriolis coupling. Re-
cently we have introduced a technique which
includes a realistic rotational spectrum and full
Coriolis coupling by working in the weak cou-
pling scheme. Within this method we have di-
rect access to branching ratio which can dif-
fer significantly from attempts to calculate the
branching ratio in the strong coupling approx-
imation. In addition, we have seen rotational
bands built on Nilsson levels in the parent sys-
tem.

This research was supported by Hungarian
OTKA Grant No. T026244.

a) University of Tennessee, Knoxville, Ten-
nessee 37831, USA

[1] A.T. Kruppa, B. Barmore, W. Nazarewicz,
T. Vertse, Phys. Rev. Lett. 84, 4549
(2000).

[2] B. Barmore, A.T. Kruppa, W. Nazarewicz,
T. Vertse Phys. Rev. C 62, 054315
(2000)
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A. T. Kruppa, M. Bendera\ W. Nazarewiczh

Shell corrections to the nuclear binding en-
ergy as a measure of shell effects in super-
heavy nuclei are studied [1] within the self-
consistent Skyrme-Hartree-Fock and Relativis-
tic Mean-Field theories. Due to the presence of
low-lying proton continuum resulting in a free
particle gas, special attention is paid to the
treatment of single-particle level density. To
cure the pathological behavior of shell correc-
tion around the particle threshold, the method
based on the Green’s function approach has
been adopted. It is demonstrated that for
the vast majority of Skyrme interactions com-
monly employed in nuclear structure calcula-
tions, the strongest shell stabilization appears
for Z=124, and 126, and for N=184. On the
other hand, in the relativistic approaches the
strongest spherical shell effect appears system-
atically for Z=120and N=172. This difference
has probably its roots in the spin-orbit poten-
tial. We have also shown that, in contrast to
shell corrections which are fairly independent
on the force, macroscopic energies extracted
from self-consistent calculations strongly de-
pend on the actual force parametrisation used.
That is, the A and Z dependence of mass
surface when extrapolating to unknown super-
heavy nuclei is prone to significant theoretical
uncertainties.

The stability of the heaviest and super-
heavy elements has been a long-standing fun-
damental question in nuclear science. Theo-
retically, the mere existence of the heaviest el-
ements with Z>104 is entirely due to quantal
shell effects. Indeed, for these nuclei the shape
of the classical nuclear droplet, governed by
surface tension and Coulomb repulsion, is un-
stable to surface distortions driving these nu-
clei to spontaneous fission. That is, ifthe heav-
iest nuclei were governed by the classical liquid
drop model, they would fission immediately
from their ground states due to the large elec-
tric charge. However, in the mid-sixties, with
the invention of the shell-correction method,

Shell Corrections of Superheavy Nuclei
in Self-Consistent Calculations

P.-G. Reinhard”, T. Vertse, and S. Cwiokc)
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it was realized that long-lived superheavy ele-
ments (SHE) with very large atomic numbers
could exist due to the strong shell stabilization.

In spite of tremendous experimental effort,
after about thirty years of the quest for super-
heavy elements, the borders of the upper-right
end of the nuclear chart are still unknown.
However, it has to be emphasized that the re-
cent years also brought significant progress in
the production of the heaviest nuclei. Dur-
ing 1995-96, three new elements, Z=110, 111,
and 112, were synthesized by means of both
cold and hot fusion reactions. These heaviest
isotopes decay predominantly by groups of a
particles (a chains) as expected theoretically.
Recently, two stunning discoveries have been
made. Firstly, hot fusion experiments per-
formed in Dubna employing 48Ca+244Pu and
48Ca+242Pu “hot fusion” reactions gave evi-
dence for the synthesis of two isotopes (A—287
and 289) of the element Z=114. Secondly, the
Berkeley-Oregon team, utilizing the “cold fu-
sion” reaction 86K r+208Pb, observed three a-
decay chains attributed to the decay of the
new element Z=118, A—293. The measured
a-decay chains 289114 and 293118 turned out to
be consistent with predictions of the Skyrme-
Hartree-Fock (SHF) theory and the Relativis-
tic Mean-Field (RMF) theory.

The goal of the present work is to
study shell closures in SHE. To that end
we use as a tool microscopic shell correc-
tions extracted from self-consistent calcula-
tions. For medium-mass and heavy nuclei,
self-consistent mean-field theory is a very
useful starting point. Nowadays, SHF and
RMF calculations with realistic effective forces
are able to describe global nuclear proper-
ties with an accuracy which is comparable
to that obtained in more phenomenological
macroscopic-microscopic models based on the
shell-correction method.

In previous work, shell energies for SHE el-
ements were extracted by subtracting from cal-



culated HF binding energies the macroscopic
Yukawa-plus-exponential mass formula. In an-
other work, based on the RMF theory, shell
corrections were extracted for the heaviest de-
formed nuclei using the standard Strutinsky
method in which the positive-energy spectrum
was approximated by quasi-bound states. Nei-
ther procedure can be considered as satisfac-
tory. A proper treatment of continuum states
is achieved with a Green’s function method.

This research was supported by Hungarian
OTKA Grant No. T026244.

a) Institut fur Theoretische Physik I, Uni-
versitat Erlangen Staudtstr. 7, D-91058
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University of Tennessee, Knoxville, Ten-
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c) Institute of Theoretical Physics, Warsaw
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2.15
G. Lévai, J. Cseh, P. Van lIsacker

Following the formalism of supersymmetry-
inspired nuclear structure models based on the
Interacting Boson-Fermion Model (IBFM), we
proposed a supersymmetry scheme describing
core+a-particle type cluster systems [1]. In
this approach the bosons are oscillator quanta
assigned to the relative motion of the clusters,
while the fermions are holes on the p-shell,
thus the model describes simultaneously a-
cluster states of neighbouring nuclei with mass
number A < 20. It is based on the Semimi-
croscopic Algebraic Cluster Model (SACM),
which has been applied successfully for the
description of the spectroscopic properties of
cluster systems in this mass range. Our work
was motivated by two factors: i) Previous
studies demonstrated that the model parame-
ters of the SACM vary smoothly in the A —16
to 20 region, indicating correlations between
neighbouring core+a-type cluster systems; ii)
Cluster bands of nuclei in this region are of-
ten interpreted as each other’s correspondents,
regardless of the models employed.

The group structure relevant to this prob-
lem is an extension of the Ur(4) x Uc(3)
X UNT(4) group structure of the SACM: first
the Uc(3) orbital and the UN7(4) spin-isospin
groups of the core are embedded into the
Uc(12) group (corresponding to applying the
Elliott model to the p-shell core), and then this
latter group is embedded into U(4|12) together
with the Ur (4) group describing the relative
motion of the clusters. (In the supersymmet-
ric formalism it is more appropriate to change
the subscripts C and R indicating “core” and
“relative” to F and B standing for “fermionic”
and “bosonic” degrees of freedom.) The basis
states which now describe a-cluster states of
several neighbouring nuclei can be labelled as

IAINBn,,, (XF,fiFy, (A 1)LSIMjTMt) .

Here we kept only the essential labels and
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omitted those which are uniquely determined
by others, such as the total fermion num-
ber Np = Af —Nb and the \jfT(4) labels
which, for p-shell nuclei are determined by the
(Af,h¥) orbital SUr(3) labels through the ad-
joint Young patterns of the spin-isospin and
orbital structures.

As a first example we analysed the spec-
troscopic information on the o-cluster states
of the 20Ne and 19F nuclei. These correspond
to Np = 0 and Np = 1, respectively, i.e. sys-
tems with zero and one fermion [1]. We con-
sidered a phenomenologic Hamiltonian similar
to that used in the SACM, and fitted its pa-
rameters to 20 20Ne and 25 19F states. We
found that there is correlation between the en-
ergy spectra of these two nuclei in the sense
that separate and joint fits to the two systems
resulted in rather similar parameter sets. Our
conclusions were similar regarding the electric
guadrupole transitions of the 20Ne and 19F nu-
clei. We found [1] that the “goodness” of the
U(4]|12) supersymmetry is not worse (is even
better) than that of the U(6|4) supersymmetry
associated with the 1900s and the 191lr nuclei.

As a further test we analysed one-nucleon
transfer data from the ground state of 20Ne
to various 19F states. In the supersymmetry
scheme these processes correspond to annihi-
lating a boson and creating a fermion, i.e. they
are described by a generator of U(4|12). We
found that the predictions of the model for the
relative intensity of transitions to two differ-
ent Jt = 19F states agrees well with the
experimentally established value [1].

a) GANIL, BP 5027, F-14076 Caen Cedex 5,
France.

[1] G. Lévai, J. Cseh, P. Van Isacker: Proc.
Int. Conf. Bologna 2000, in press.
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A. Kovér and G. Laricchia

Parallel plate analyzers (PPA) are widely
used in atomic physics to measure the energy
spectra of charged particles. In spite of their
simplicity, this type of instrument has second
order focusing properties at 30° where the an-
gular aberration has a minimum.

In the last decade, a tandem (two an-
alyzers in series) parallel-plate analyzer has
been developed for measuring the energy dis-
tribution of electrons or positrons ejected from
positron - atom collisions [1,2]. The analyzer
was later altered in order to measure coinci-
dences between the ejected electrons and the
scattered positrons flying into the same direc-
tion (around 0°) [3].

As the measured energy is decreased, the
full width at half maximum (FWHM) of the
time peak becomes progressively larger. The
amplitude of the time peak becomes corre-
spondingly smaller due to the increasing time
of flight spread caused by the different length
of the trajectories of the particles inside the
analyzer.

In order to reduce the width of the time
peak, and thus increase its amplitude, we have
developed a modified tandem parallel plate an-
alyzer for which the time-of-flight is nearly the
same for every entrance angle. Our modified
twin PPA has been designed such that the an-
gle between the two base plates is 120° and
correspondingly the entrance angle at the sec-
ond stage is 62 = 60° —O0i, where 0O\ is the
entrance angle of the first stage.

Figure 1 shows the comparison of the line
shape of the time peak for the conventional
and the new PPA for at 15 eV pass energy and
for 4 mm extended target. As can be seen,
the improvement is outstanding. Allowing for
the time spread caused by the extended target,
the FWHM of this peak is more than 10 ns for
the conventional PPA while for the new PPA
is only about 3 ns and, as a consequence, the
peak amplitude is much higher for the latter.

The new analyzer was built in the Univer-
sity College London and has been used to ex-
tend our investigation of the electron capture
to continuum process (ECC) by positron im-
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pact by measuring coincidences between elec-
trons and positrons ejected into the same di-
rection around 0° 50 eV e+ - H2 collision [4].
The improved capabilities of the analyzer en-
able measurements of the ECC peak to ener-
gies as low as 15 eV.

More detailed information about the calcu-
lation, design and performances will be found
in [4,5].

This work is supported by the Engineer-
ing and Physical Science Research Council UK
(grant No GR/L96837), The Royal Society
(ref. 60003.P606) and the Hungarian Scientific
Research Found (OTKA No. T025325).

a) Department of Physics and Astronomy,
University College London, UK.

[] A. Kovér, G. Laricchia and M. Charl-
ton} Material Science Forum. 105 1919
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[2] A. Kbvér, G. Laricchia and M. Charlton,
J. Phys. B.: At. Mol. Opt. Phys. 26
L575 (1993).

[3 A. Kovér and G. Laricchia, Phys.
Lett. 80 5309 (1998)

[4 A. Kbévér, K. Paludan and G. Laricchia,
submitted to J.Phys. B.: At. Mol. Opt.
Phys. (2001)
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Bl A. Kovér and G. Laricchia, in course of
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Figure 1: Comparison of the calculated time peaks.



3.2 A Photo- and Auger Electron Coincidence Study

S. Ricz, A. Kovér, D. Varga, J. Molnar, S. Akselaand M. Jurvansuua)

In the previous Annual Report [1] a pre-
liminary paper was presented on the coinci-
dence between photoelectrons and Auger elec-
trons. Recently the experimental investigation
has been completed. The Ar L23MM Auger
electrons were measured in the 199-208.5 eV
energy range in coincidence with the 2p1/2,
2p3/2 photoelectrons at 440 eV photon impact.

The measurement was carried out at the
beam line 1411 on the third generation MAX-
Il storage ring in Max-Lab, Lund, Sweden
with the Esa-22 electrostatic analyzer [2]. In
the present study the relative energy resolu-
tion of the analyzer was set to JE/E«3x10_3
and 1.5x10-3 for the Auger and photoelectron
side, respectively. The 440 eV photon energy
were chosen in order to reduce the time spread
caused by the time of flight of electrons. The
photoelectrons ejected from the Ar 2px2 or the
Ar 2p3/2 subshells were measured with a posi-
tion sensitive channel plate (CP) in the 0°-180°
angular region relative to the beam direction.
The LMM Auger electrons were detected by
channeltrons in the 15°-165° angular region at
every 15°, simultaneously.

Fig. 1 shows the Ar TZ-M23M23 Auger
spectrum at 440 eV photon impact. The
solid line is the well-known single Auger spec-
trum (without coincidence condition), the cir-
cle with error bars represents the coincidence
spectrum. The figures clearly show that we
could eliminate the overlap between the L23-
M23M23 and other satellite Auger transitions
in the coincident spectrum. This coincidence
investigation opens a new way to determine
the correct intensity ratios of the Auger tran-
sitions. E.g. we found an anomalous intensity
ratio at the 2P3/2-3P012 / *D2 peaks. It dif-
fers from the previous ratios measured in single
spectra. The existing theories overestimated
both rations determined from single and co-
incidence spectra. More detailed investigation
will be published soon [3].

The authors thank to the Program Advi-
sory Committee at MAX-lab for granting the
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beam time and the excellent working condi-
tions. This work is supported by the Hun-
garian Science Research Found (OTKA No
T025325).

a) Department of Physical Sciences, Univer-
sity of Oulu, Finland
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Figure 1: Figa and b show the single and coincidence
spectra of Ar LMM Auger electrons. Solid line: single
spectra: Circles: a: coincidence with 2p3/2, photoelec-
trons; b: coincidence with 2p./. photoelectrons.



3.3

Energy Shift and Broadening of the Spectra of Electrons

Backscattered Elastically from Solid Surfaces

D. Varga, K. Tokési, Z. Berényi, J. Téth, L. Kovér

Studying the energy loss process of fast
(20-40 keV) electrons backscattered quasi-
elastically from crystalline surfaces, Boersch et
al. [1] found a simple model based on the as-
sumption of single elastic scattering on quasi-
free atoms having thermal motion for describ-
ing both the energy shift and the broadening
of the elastic peak. Using the high energy res-
olution property of our electron spectrometer
(ESA-31, developed in ATOMKI [2]) the spec-
tra of electrons backscattered elastically from
surfaces of different solid samples were mea-
sured. Fig. 1. shows, that the effect of both
the energy shift and broadening due to elastic
scattering at angle 130° and thermal motion
of atoms are well measurable also at the much
lower energy (5 keV) of electrons. The results
on the elastic peak energy shifts and widths
(FWHM) obtained experimentally for the 1-
5 keV energy range, were compared with re-
sults of calculations for single elastic scattering
on free atoms having Maxwell-Boltzmann ther-
mal velocity distribution. The effect of multi-
ple scattering on the yield of the backscattered
electrons, energy shifts and Doppler broaden-
ings have been studied by Monte Carlo simu-
lations. The calculated values shows a good
agreement with the experiment in the case of
Au and Ni samples, however, the measured line
broadenings are larger (by 15-25 %) for Si and
(by 30-60 %) for carbonic samples than the
calculated ones. The differences between the
experimental and calculated values could be
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explained by the presence of argon atoms (im-
planted during sputtering) in the surface layer
of Si, but in the case of carbonic samples fur-
ther studies are necessary.

Figure 1: Energy distributions of electrons backscat-
tered elastically from surfaces of homogeneous samples
of Au, Ni, Si and C (normalized by peak area), as de-
rived experimentally using 5 keV primary beam ener-
gies.

This work was supported by research
projects INCO COPERNICUS ERBIC
5CT960800 (EU), OTKA T026514, T030433,
T032306.
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3.4
He2++He Collisions

L. Sarkadi, L. Lugosi and A. Kovér

Cusp-electron emission (i.e., continuum
electrons emitted along the ion beam direc-
tion and travelling with the beam velocity) has
been investigated in 25-75 keV/amu He2+ on
He collisions. Two processes which contribute
to cusp electrons for this collision system, Elec-
tron Capture to the Continuum (ECC) and
Transfer lonization (TI), were distinguished
by detecting the electrons in coincidence with
the charge-state analyzed outgoing He2+ and
He+ projectiles, respectively. Spectra obtained
at 25 keV/amu impact energy are presented
in Fig. 1. In this work we were particu-
larly interested in the two-electron TI process
in which the continuum-electron emission is
associated with capture of a second electron
into one of the bound states of the projec-
tile. The ratio of the electron yields for the
TI and ECC channels provides information on
the role of the electron - electron interaction
(correlation). We obtained a surprisingly large
value for the TI/ECC ratio at 25 keV/amu,
1.43 + 0.14, which means that the probabil-
ity of the two-electron process exceeds that of
the one-electron process. This result is un-
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expected, because in a previous experiment
[1] for Ar target we obtained a smaller value
(0.799 = 0.080) at the same impact energy.
Calculations in the framework of the classical
trajectory Monte Carlo (CTMC) model are in
progress for interpretation of the experimental
results.

Figure 1: Spectra of electrons emitted via ECC and
TI process in 25 keV/amu He2+ on He collisions.

[ L. Vflcor et al, Nucl. Instr. Meth. B 124,
342 (1997).



3.5
Evidence for Fermi-Shuttle

Hot Electrons from Intermediate Velocity C+ + Xe Collisions:
lonization

B. Sulik, Cs. Koncz, K. T6késia\ A. Orban and D. Berényi

In recent years, considerable attention has
been devoted to the Fermi-shuttle accelera-
tion in the ionization process by heavy par-
ticle impact. The mechanism had been pro-
posed by Fermi [1] as a possible origin of cosmic
rays; specifically, giant magnetic fields, mov-
ing against each other in space, can acceler-
ate charged particles to high energies in long
sequences of reflections. It was shown later
that similar acceleration can also be produced
by the microscopic fields of moving atoms or
molecules [2].

In the Fermi-shuttle ionization process, the
liberated electron can be backscattered by the
projectile and the target center (denoted by
P and T respectively). If we denote the im-
pact velocity of the projectile by V, scattering
sequences starting with target ionization pro-
duce electrons emitted with the mean velocity
2nV in both forward and backward directions,
where n is the number of encounters with the
projectile. Starting with projectile ionization,
the corresponding mean velocity is (2n + 1)V.

In a recent work [3], experimental evidence
has been found for consecutive projectile-
target-projectile  (P-T-P) and projectile-
target-projectile-target  (P-T-P-T)  ”ping-
pong” scattering of ionized target electrons
in the high-energy part (300 - 3400 eV) of the
electron spectra emitted in single C+ + Xe col-
lisions at 150 and 233 keV/u impact energies.
Distinct signatures for triple and quadruple
electron scattering have been separated and
identified by the help of control measurements
with a He+.projectile.

At high electron energies (where the veloc-
ity of the emitted electron is larger than two
times the projectile velocity), first-Born calcu-
lations for ionization of the xenon atom agree
well with the experimental data for the helium
projectile (see Fig. 1). For the C+ ion at differ-
ent impact velocities, the agreement between
experiment ant theory is similarly good, ex-
cept for the appearance of the broad structures
around 4V. These latter shoulders above the
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first-Born curves are attributed to the P-T-P
process in C+ + Xe collisions.

Electron Energy (eV)

Figure 1:  Comparison between experiment
and first-Born theory at @® and 15° emission
angle. The impact velocity is 2.5 au for the
1.8 MeV (A projectile, and 3.05 au for the 2.8
MeV CA and 0.933 MeV He+ ions. Symbols:
experiment, lines: target ionization theory.

Non-perturbative CTMC calculations have
also provided independent confirmation for
identifying the distinct signitures of the P-T-
P triple and the P-T-P-T quadruple scattering
processes in the electron spectra.

We acknowledge support from the OTKA
Grants T032942, T032306, and M27839.
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3.6
Proton Impact lonization

The Angle-resolved Kr r"sM”~M”6 Auger Multiplet Following

B. Paripdsal U. Kleimanhb Gy. Vikorc\ B. Lohmannbl and S. Ricz

The angle-resolved Kr Auger
spectra induced by proton ionization were
measured at 1.0, 2.6 and 3.6 MeV impact ener-
gies where high-resolution spectroscopy tech-
niques have been applied (ESA-21 spectrom-
eter). In the evaluation of the experimental
Auger spectra, a post-collision interaction dis-
torted line-shape was used [1]. The more real-
istic line-shape treatment resulted in a better
separation of the strongly overlapping peaks
of the multiplet. This was also confirmed
by our multiconfigurational Dirac-Fock calcu-
lation [2].

The alignment parameter A20 of the singly
ionized krypton atoms has been extracted from
the experimentally accessible anisotropy pa-
rameter A2 applying a special method, which
requires the theoretical values of the angu-
lar distribution parameter 02- Waithin the
considered energy interval (1-3.6 MeV), the
ionic alignment A20 decreases rapidly with in-
creasing proton energies (from 0.19 to -0.03).
This finding is in accordance with some earlier
results obtained for transition elements and
heavy atoms [3].

Our experiment

Our calculation

Stcltffinal.  En. [eV] irel. En. [eV] Irel.
1.08;1.17 0.4;,0.9
1.20(10)  7.8(8)

:d?2 1.15 6.0

3p2 2.5(10)  8.4(6) 2.73 94

3F2  4.40(10) 3.0(5) 5.23 12.6

3F3  4.96(3) 20.2(8) 5.78 12.5

3F4  6.28(3) 21.7(8) 6.91 21.8

Table 1: Experimental and numerical data of the Kr
and line intensities are given relative to the 1G\ peak and are compared with earlier experimental data.
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a2 En. [eV]  qrel. En. [€V]  irel
-1,0 [.Ojl.I 20.8
1.01 312
-0.275

0.084 2.7 140 25 113
0.294 470 19.9 49 94
0.434 585 27.3 54 13.2
0.668 6.91 156 6.6 22.6
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B. Paripdsa\ G. Vitéza\ Gy. Vikorand K. Tokesi

In this work the peak-shape of the
2p(2P32) —=* 3p(1£72) diagram line of
the Ar L."M.,zM:;8 Auger group at
0°, 15°, 30°, 45°, 60°, 75°, 90° emission angles is
studied by electron impact. The effect of post
collision interaction (PCl), i.e. the distor-
tion due to the Coulomb interaction between
the Auger-, the scattered projectile- and the
electron, ejected during the inonization, to
the emission of the Auger electron is signifi-
cant. The Auger peak-shape distorted by PCI
( asymmetry of the peak ) is well measurable
parameter. The line-shape of Auger-electrons
is known theoretically for entire fixed collision
kinematics [1], i.e. when both secondary elec-
trons (scattered projectile and ionized prompt)
are measured in coincidence with the Auger-
electron (triply coincidence experiments). The
Auger peak-shape in non-coincidence experi-
ments (when the secondary electrons are not
detected) can be obtained by integration over
the non- measured quantities using the differ-
ential Cross sections for secondary electrons.
In the present work the cross sections for sec-
ondary electrons are determined by a classical
trajectory Monte Carlo method. After the nu-
merical integration the Auger peak-shape is
evaluated in the same way as for the experi-
mental spectra. On the basis of our calcula-
tions and comparisons with our experimental
data [23] the following conclusions can be
made:

- The Auger peak-shapes for non-coincidence
experiments can be described by the formu-
las deduced for fixed collision kinematics with
considerable success (Fig. 1).

- The overall agreement with experimental
peak-asymmetries is remarkably good at low
primary energies (300 and 500 eV) but differ
about 25% at 2 keV primary energy.

- The peak-asymmetry is larger at larger Auger
emission angle at every primary energies.

Influence of Post Collision

Interaction on the Line-shape of
Auger-electron Spectra at Electron Impact lonization
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- The angular dependence of the peak-
asymmetry has maximum at 500 eV, where
the electron energies are almost the same and
thereby the relative velocities strongly depend
on the orientation of velocity vectors.

Figure 1: The calculated peak-shape of the
20(2T3/2) —= 3p(ID2) diagram line of the Ar
b:,3Mr,3M:,3 Auger group at 90° emission angle at
different electron impact energies.

a) University of Miskolc, Department of
Physics, 3515 Miskolc-Egyetemvéros,
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b) Department of Atomic Physics Stockholm
University, 10405, Sweden
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Impact

A. Kovér, K. Paludana\ G. Laricchia

In our previous paper [1], the results of
the first triple differential measurement for ion-
ization of H2 by I00eV positrons were pre-
sented. A small broad peak was found in the
ejected electron spectrum at 0° in coincidence
with positrons scattered into the same direc-
tion. It was the first clear experimental evi-
dence of the occurrence of electron-capture-to-
the-continuum (ECC) by positron impact.

In this study, we present the results of an
investigation at 50eV positron energy incident
on H2. The experimental apparatus, the co-
incidence circuit and the procedure for data
collection were similar to that of our previous
experiment. The main difference was to use a
newly designed parallel plate analyser (PPA)
which has an additional benefit of time focus-
ing [2]

The experimental data were normalised to
the theoretical values calculated by Fiol et al.
[3] who convoluted them with the angular ac-
ceptance and energy resolution of our system.
The maximum of the theoretical distribution
is at 17.3eV. Convolution with the experimen-
tal resolutions, shifts the calculated peak to
16.5eV. In contrast, the experimental data rise
to a maximum at ~15eV, after which they de-
crease rapidly. In comparing experimental and
theoretical results, an energy shift is observed
between the two distributions. In fact, the
agreement between them would be fair were
the theoretical results shifted by 1.6eV towards
lower energies.

Due to the characteristically low positron
beam intensities, we are unable to calibrate
the PPA in an absolute manner (e.g. via elec-
trons from autoionising or Auger processes)
and hence cannot categorically exclude an en-
ergy miscalibration of the PPA due for exam-
ple to contact potential effects. However, this
would seem unlikely, because the energy cali-
bration procedure adopted in this work is the
same as that used previously [1], where good
correspondence was found between theory and
experiment.
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A physical effect which could give rise to
the shift would be the occurrence of ionization
simultaneous to another energy loss, e.g. vi-
brational excitation or molecular dissociation
of the target. If ECC resulted in dissocia-
tion of the remnant ion, the energy of the
cusp peak would be shifted to lower energies
by around (Ed/2), where (EM = 2.65eV) is the
dissociation energy of H”. Recently, Mukher-
jee and Ghosh [4] have studied the vibrational
excitation of H'T by positronium formation in
e+ - H2 collision for the channels z/=2,3,4
whose thresholds are (0.6, 0.9 and 1.1) eV,
respectively. They found that the simultane-
ous occurrence of these processes is probable at
50eV e+ impact while it is negligible at 100eV
impact.

To investigate this hypothesis further, we
plan to study the ECC process from atomic
target such as He or Ar and increase the sen-
sitivity of the Kkinetic energy measurements of
Ps formed from H2.

This work is supported by the Engineer-
ing and Physical Science Research Council UK
(grant No GR/L96837), The Royal Society
(ref. 60003.P606) and the Hungarian Scientific
Research Found (OTKA No. T025325).

a) Department of Physics and Astronomy,
University College London, UK.

[1] A Kovér and G. Laricchia, Phys. Rev.
Lett. 80 5309 (1998)

[2] A. Kévér and G. Laricchia, ATOMKI An-
nual report 2000, in course of publication
2001

[3] J. Fiol, V.D. Rodriguez and R.O. Bar-
rachina, 2000 submitted for publication
to Phys. Rev Lett.

[4 T. Mukherjee and A.S. Ghosh, 1999 J Phys
B: At. Mol. Opt. Phys. 32 1385-91



3.9
He Target at Low Energies

B. Sulik, T.J.M. Zourosal A. Orban and L. Gulyés

The method of zero-degree projectile Auger
spectroscopy was applied earlier to measure
the state selective K- shell excitation of the
Li like F6+ and O51'ions incident in the 3 ~10
a.u. impact velocity region on He and H2 tar-
get [1]. An example for a studied process:

0 5+(1s22s) + He 0 5+(Is2s2p) + He+ + e~.

For the projectile final state there exists
three alternatives which can be marked with
the spectroscopic notations: 4P, 2P_[(3P)2P],
2P+[(1P)2P],

One of the possible mechanism resulting
these final states is the so called transfer-loss
process (TL): the ionization of a Is electron of
the projectile and the a transfer of a target Is
electron to the projectile 2s shell.

TL is the dominant process for producing
the Is2s2p projectile configuration at low (3-
10 MeV) impact energies. We calculate the
transfer-loss probability using the independent
particle model (IPM) by taking the product
of the transfer (capture) and loss (ionization)
probabilities:

Pt1 —PtP1
The cross section for a specific m is:

(e]0)

4 f 2p™ = 2ttf dbbPrZs2pm(b)
0

The electron transfer probabilities have
been calculated within the framework of the
continuum distorted wave (CDW) approxi-
mation [2. Calculations for the projectile
excitation and ionization probabilities were
performed by a semiclassical approximation
(SCA) code in first order [3]. Both the CDW
and SCA results were corrected by the help
of the unitarization method introduced by
Sidorovich et al.[4].

A qualitative agreement with experimental
data for the TL contribution to the 4P Auger
production is demonstrated in Figure 1. [5].
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Projectile Energy (MeV)

Figure 1. Double differential cross sec-
tion for the production of Is2s2p *P
states in 05++He collisions. Symbols:
experiment [1]; Solid line: calculated di-
electronic excitation (eeE) contribution
[1]; Dotted line: TL calculation; Dashed
line: sum of TL and double transfer and
loss 7sL.
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Satellites of Ta

I. Torok

Several years ago the Ma,/?Ne... satel-
lites of Ta were measured in our laboratory
[1-3]. The spectra were taken by our labo-
ratory built crystal spectrometer, at excita-
tion by ions: 0.8, 2.0, 3.2 MeV protons, 1.6,
3.2 MeV He+ ions. At another spectrometer
a fluorescence spectrum was taken too. The
satellite-to-diagram intensity values were cal-
culated and compared to other experimental
and theoretical values. The published results
were only a zero-approximation, we did not
find proper natural line-widths, proper spec-
trum evaluation software, proper calculated
values for comparision. Now we plan to reeval-
uate these data, using better such tools. Now
available are: a better natural widths data set
[4], a new version of the EWA evaluation pack-
age [5], and newer calculations of the satellite-
to-diagram ratio in the geometrical model [6].
We hope to get intensity ratio values matured
enough for submission to one of the leading
journals of the field.
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of Fluorides

L. Kovér, I. Csemy, J. Téth, D. Varga and M. Uda

Unassigned satellite lines at Kinetic ener-
gies higher, than the main peak, were found
earlier in the F KLL Auger spectra of alkali
fluorides and interpreted on the basis of a new
concept, the resonant orbital rearrangement
(ROR)[lj. These satellite lines show a very
strong change in their relative intensity (com-
pared to that of the main 1T KLL Auger
peak) for different alkali and alkaline-earth flu-
orides. In the frame of the ROR model a res-
onance is assumed between the highest occu-
pied molecular orbital (HOMOQ) of the K°L*
ground state and the lowest unoccupied molec-
ular orbital (LUMO) of the K 1L° ionized state.
During the resonant transition an electron of
the F~ ion in the fluoride, occupying an orbital
of mainly F 2p character in the ground state
(HOMO) is supposed to move to an orbital of
the ionized state (LUMO) having mostly F 3s
character, leading to an Auger transition with
a participator excited electron.

This model seems to provide a good agree-
ment between the predicted and measured
satellite intensity values in the case of the al-
kali fluorides [1]. Obtained with a considerably
improved peak to background ratios in the F
KLL Auger spectra by using near threshold
photoexcitation with Cu La X-rays and a high
resolution hemispherical electron spectrome-
ter [2], our recent results for polycrystalline
rutile type fluorides Co F. ,MgF», NiF.,ZnF:
and for polycrystalline NaF [3] indicate the
existence of an approximately linear correla-
tion between the relative satellite intensity and
the energy width (Full Width at Half Maxi-
mum, FWHM) of the satellite peaks (Fig.l).

From Fig 1the strong correlation between
satellite intensity and energy width can be seen
clearly, in spite of the considerable experimen-
tal error (mainly due to the systematic error
in the inelastic background correction [3]) be-
cause the changes in satellite intensity and en-
ergy width aré very large. The results reflect a
strong effect of the atomic environment around
the ionized fluorine atom on the density of
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the unoccupied electron states available for the
electrons excited by the sudden appearance of
the core hole during photoionization or by res-
onant processes.

Figure 1: Relative intensities Im/la of the satellite
peaks M compared to that of the main peak A in the
F KLL spectra offluorides as afunction of the energy
width (FWHM) of the satellite peaks [3].
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Low-energy Electron lon Recombination in a Magnetic Field

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

The electron-ion recombination in cold
magnetized plasmas is currently intensively
studied both experimentally and theoretically.
The gas of electrons in a cooler of a storage ring
can be viewed, in the rest frame of the ion, as
a low-temperature one-component plasma in
which the ion is immersed. The electron gas
is magnetized by the confining field. Recent
storage ring experiments show a dramatic en-
hancement of the radiative recombination rate
for high Z ions relative to what standard ra-
diative recombination rates predict [1,2]. We
analyze the role of classical chaotic dynamics
and unstable periodic orbits which may bring
an electron to multiple visits to the target ion
(Fig 1) and enhance the recombination. A dif-
ficulty comes from the fact that the electron
motion involves cyclotron (asymptotic region)
and Kepler (target ion region) motions with
two vastly different length scales. This dis-
parity in length scales implies that classical
scattering trajectories have to be followed from
“infinity” at almost macroscopic distances to
the target for reliable predictions requiring a
huge amount of computational time. We em-
ploy classical scaling invariance [3] to reveal
the systematic dependence on magnetic filed B
and nuclear charge Z. To improve statistical
sampling of relevant trajectories we perform a
numerical scattering experiment “in reverse”

33

by exploiting the time reversal symmetry of
the Hamiltonian.

Figure 1: Trajectory (solid line) launched near
the target ion (filled circle at the origin). For the
visualization, a trajectory with the relatively small
number of traversals is chosen in this plot.
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Heavy-particle Impact

L. Lugosi and L. Sarkadi

This study is an extension of a previous
work [1] in which a computer program (called
MTRXCOUL) was developed to calculate the
matrix elements of the Coulomb interaction
between a charged particle and an atomic elec-
tron, (ipf(r)l |4 —r|_1 lipi(r)). These quan-
tities play a central role in the theoretical
description of the excitation, ionization pro-
cesses of atoms by impact of charged particles.
In MTRXCOUL the initial and final states
are represented by non-relativistic hydrogenic
wave functions.

It is known that at low collision velocities
and for heavy target atoms the inner-shell ion-
ization cross sections are considerably affected
by electronic relativistic effects. Therefore,
for an accurate description of the inner-shell

Figure 1: K-shell ionization cross sections for gold
bombarded by protons as afunction of the incident en-

ergy.
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processes the use of relativistic electronic wave
functions is unavoidable. In the present work
the program MTRXCOUL was further devel-
oped: We replaced the non-relativistic wave
functions by one-electron Dirac bispinors.

As an application of the developed com-
puter program, we calculated K-, L- and M-
shell ionization cross sections for proton on
gold collisions in the semiclassical approxima-
tion (SCA). For the K shell our results are
shown in Fig. 1. The cross sections plotted
in the figure were obtained from the follow-
ing calculations: SCA and RSCA - straight-
line version of the semiclassical approxima-
tion with use of non-relativistic and relativis-
tic wave functions, respectively (present work);
PWBA and RPWBA - non-relativistic and rel-
ativistic plane-wave Born approximation [2].
The SCA and the PWBA cross sections are one
order of magnitude smaller than the cross sec-
tions obtained in the relativistic version (R) of
these models. Furthermore, the K-shell ioniza-
tion cross sections were computed also with the
RSCA applying hyperbolic projectile trajec-
tory (H) and the united-atom approximation
(UA). The latter model, denoted by HRSCA-
UA, is in good agreement with the experimen-
tal data [3].

[1] L. Sarkadi, Comput. Phys. Commun. 133,
119 (2000).

[2] T. Mukoyama and L. Sarkadi, Bull. Inst.
Chem. Res., Kyoto Univ. 57, 33 (1979).
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A Simple Model for Positronium Formation in

Positron-hydrogen Atom Collisions

L. Lugosi and I. K. Gyémant

Positronium  formation in  positron-
hydrogen collisions is a three-body charge
rearrangement process in which an electron
is transferred from a bound orbital centered
on the proton to a bound orbital around the
moving positron. Various theories have been
applied to this problem as reviewed in a re-
cent paper by Walters [1]. In this work we
used the first order plane-wave Oppenheimer-
Brinkman-Kramers approximation (OBK1)
for the description of the process.

Positron energy [eV]

Figure 1: Positronium formation cross sections for
e+ - H scattering. Theory : thick solid line, present
work; dotted curve, Massey and Mohr [4]; full curve
with dots, Straton [5]; long broken curve, Mitroy [6];
short broken curve, Kemoghan et al. [7]; thin solid
line, Brown and Humberston [8]. Experiment : cir-
cles, Zhou et al. [2]; squares, Weber et al. [3].

In Fig. 1. the calculated total Ps-formation
cross section is compared with the experimen-
tal results of Zhou et al. [Z] along with prior
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measurements of Weber et al. [3] and several
theoretical values [4,5,6,7,8] as a function of
the positron energy. Compared to the accu-
rate 33-state coupled-channel calculations of
Kernoghan et al. [7], our calculated cross sec-
tions increase more rapidly close to the positro-
nium formation threshold. It predicts 70%
larger value for the maximum of the cross sec-
tion and 4 eV lower projectile energy for the
position of the maximum. This discrepancy
is due to the fact that such low energy pro-
cesses cannot be treated satisfactorily by first-
order perturbation theory. Furthermore, the
OBK1 approximation has a serious shortcom-
ing. The wave functions in the entrance and
exit channels do not satisfy the correct asymp-
totic Coulomb boundary conditions. However,
the obtained cross sections are close to the
measured data of Zhou et al. [2] in the in-
termediate collision energy range (between 20
eV and 30 eV).

For proton-hydrogen collision it is known
that the Thomas-type double scattering mech-
anism is the dominant process at high energies
in the case of electron capture. The second or-
der Born approximation which was applied to
describe this process gives an “11 asymptotic
velocity dependence of the double scattering
cross section ods- In contrast, the OBK1 cross
section ctobki varies as v~12. From the dif-
ferent velocity dependence it comes that <ds
dominates over ctobki above a certain projec-
tile energy. In Fig. 1. a similar effect can be
observed for positron - hydrogen collision. The
values of the crps cross sections are less than
the cross sections calculated within the higher-
order approximations and the measured data
at high impact energies. Although not accu-
rate, our elementary treatment gives a quali-
tative, but at the same time analytical descrip-
tion of the Ps formation.
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Cross Sections

A Simple Model for Estimating Relative Capture

A.L. Landersal A. Orbén, J.-Y. Chesnelbh J.A. Tanisa\ B. Sulik

The overlap of the momentum-space wave
functions or distributions of the initial (target)
and final (projectile) states in a common frame
of reference can be considered as a rough mea-
sure of the probability of the specific i—»/elec-
tron transfer in the collision. With increas-
ing projectile velocity, this overlap decreases
drastically. In our present work, we suggest to
use a quick estimation for the relative transi-
tion probabilities. The method is based on the
one-dimensional overlap integral of the Comp-
ton profiles belonging to the initial and final
states. w

f Jr(v)Jp(v + vp)dv

—00
where Jt,p(v) is the Compton-profile of the
target and projectile states respectively. We
consider the above integral as a quantity pro-
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portional to the capture cross section at higher
projectile velocities.

Using H like Compton- profiles in the inte-
gral, we found satisfactory agreement with the
velocity dependence of experimental data for
simple collision systems (e.g., He2+ + H) at
relatively high energies (25-250 keV) [1].
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A. Orban and B. Sulik

We calculate the electronic screening effect
of the projectile on the amplitude of a target
atomic transition within the framework of the
semiclassical approximation (SCA). The aim
is to elaborate a general tool for accounting
projectile electronic screening in impact pa-
rameter calculations, even when the target or
projectile wave functions are numerical. Our
calculation is based on Ref. [1]. When the pro-
jectile electronic wave functions are approxi-
mated by hydrogenic or Slater-type orbitals [2]
and supposing no electronic transitions on the
projectile the spherically symmetric screening
potential has the following form:

Vs(|R~r|) =
= Tlfef- ELo cfgR - rr*-1le-e*R-pl

where F is an integer, c*, np are real and a
IS a positive number. For numerical projectile
wave functions we use a nonlinear least-squares
fitting technique to estimate the screening po-
tential parameters [3].

Following Ref. [1] we utilized the multipole
expansion:

e-a|lR-r|

IR —r|  —

£Ef=0 "glL+iMarjKL+wiar*PURT),

where [1+i/2 and jAI+i/2 are the modi-
fied Bessel functions of fractional order and
r< = min(R,r) and r> = max(R,r), and the
identity:
dn+1
d(-a)n+1 X

We have elaborated closed expressions, recur-
sive relations and integral representation rou-
tines for the nth order derivation of the modi-
fied spherical Bessel function of first and third
kind and respectively for their products. The
numerical stability against the arguments, the
order of functions and the order of derivation
has also been analyzed.

In Fig.l we present the radial part of the

Xne~ax
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transition matrix element (Gx,- function) in
case when the projectile screening effect is
taken into account. The target states are
described with hydrogen-like wave functions
while for the projectile states we use hydrogen-
like [1] and Roothaan-Hartree-Fock type wave
functions [2].

R (a.u.
Figure 1: The radia: pa)lrt of the tran-
sition matrix element in function of the
intemuclear distance.

Screened hydrogenic and RHF results prac-
tically coincide for He. This is not true, how-
ever for many other elements Fig.l shows e.g.,
that there is a significant difference between
the two models for Li. It is more pronunced
when the final state angular momentum is
greather than zero.

Preliminary results have been accepted for
publication in Scientific Herald of Uzhgorod
University, Serial Physics.

[1 S. Ricz, B. Sulik, N. Stolterfoht, I. Kadar,
Phys. Rev. A 47, 1930 (1993)

[2] E. Clementi and C. Roetti, At. data Nucl.
Data Tables 14, 177 (1974)

[38] T. Mukoyama, G. Hock, Nucl.
Methods B 86, 155, (1994)
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Interference Effects in Electron Emission from H?2
by 60.5 MeV/u Kr3+ Impact

N. Stolterfohta\ V. Hoffmanna\ B. Skogvalla\ B. Sulik, J.-Y. Chesnelt. J. Rangamab F. Frémonth
D. Hennecarth A. Cassimib X. Hussonb A. L. Landersc\ J. A. Tanisc\ M. E. Galassid\ R. D.

Rivarola

Wi ithin the field of particle-induced ioniza-
tion, particular attention has been devoted to
the molecular target L. Since the two hydro-
gen atoms are indistinguishable, their contri-
butions to ionization add coherently and inter-
ference effects might be expected in the ioniza-
tion process [1-3]. Such electron emission from
H2 may be closely related to Young’s two-slit
experiment, which played an important role in
the pioneering period of quantum mechanics.

To identify interference effects, we mea-
sured cross sections for electron emission in
60.5 MeV/u Kr34+ + H2 collisions for electron
energies ranging from 2-300 eV at the GANIL
accelerator facility in Caen, Prance [4]. To
guide the search for interference, model calcu-
lations were performed showing that the ratio
of cross sections for the H2 molecule and the
two independent H atoms exhibits an oscilla-
tory pattern described by 1+ sin(x)/x. For
fast collisions, i.e., small momentum transfer
g — 0, the parameter x —» kd is determined
by the electron momentum k, and the internu-
clear separation d of the two H2 centers. With
d = 1.42 a.u. we expect a sinusoidal oscilla-
tion in the momentum (velocity) range of the
electron from 0 to 4.3 a.u.

In Fig. 1 the results for experimental-to-
theoretical [5] cross section ratios show a full
sinusoidal-like oscillation within the electron
velocity range up to ~ 4.3 a.u. in good agree-
ment with the model calculations. The oscil-
latory structure is found to be essentially the
same for observation angles of 20°, 30°,150°,
and 160°. In future experiments we plan to
study higher-order effects in the electron scat-
tering between the two H2 centers, which may
give rise to the finer structures seen in the cross
section ratios in the region between 0.5-1.5 a.u.
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Figure 1: Oscillatory structure of the experimental
to theoretical cross section ratio. The dashed lines are
inserted to guide the eyes.

a) Hahn-Meitner-Institut Berlin GmbH, D-
14109 Berlin, Germany

b) Centre Interdisciplinaire de Recherche lons
Lasers, F-14050 Caen cedex 04, France

c) Western Michigan University Kalamazoo,
Michigan 49008, USA

d) Instituto de Fisica Rosario, Conicet-UNR,
2000 Rosario, Argentina

[1] H.D. Cohen and U. Fano, Phys. 150, 30
(1966).

[2] H.F. Busnengo et al., Phys. Rev. A 56,
1042 (1997)

[3] M. Walter and J.S. Briggs, J. Phys. B 32,
2687 (1999)

[4 N. Stolterfoht et al., submitted for publi-
cation (2001)

[6] H.F. Busnengo et al., Phys. Rev. A 57,
2701 (1998).



4.1

Micro-RBS as a Technique for Studying the Surface Topography

of Bi Film Prepared by Pulsed Laser Deposition

A. Simon, Z. Kantora\ |. Rajta, T. Szorényia\ A. Z. Kiss

Pulsed laser deposition (PLD) is a well de-
veloped technique for preparation of thin films
of metals, semiconductors, insulators, ceram-
ics etc., and multilayers based on these films.
For fundamental and technological reasons a
lot of work have been performed to improve
the understanding of the mechanisms involved
both in the ablation and deposition steps. The
greatest drawback of PLD seems to be the
emission of particles from the laser irradiated
surfaces so that they are transferred to the sub-
strate and are incorporated into the growing
film.

Several methods have been reported to
minimise the droplet formation. In case of
ablation of a liquid target instead of a solid
one the target deterioration is almost com-
pletely solved for different metals, but for Bi
films some peculiarities have been arisen. Sub-
micrometer and micrometer size drops are ob-
served on the film and the drop formation
could not be totally avoided. The deposition of
the particulates not only influences the quality
of the thin films, but also diminishes the re-
liability of various surface analysis methods,
since the information on the thin film compo-
sition and quality is usually mixed with that
of the droplets.

Rutherford backscattering spectrometry
combined with He+ microbeam was applied for
analysing the distribution of Bi, the areal den-
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sity of separate species and the surface topog-
raphy. The separated RBS spectra of rough
and smooth surfaces provide more precise data
for the theoretical calculations than the spec-
tra of total area which were used before. We
have demonstrated that the droplets and free
thin film areas can be detected and separated
in the analysis, thus the chemical composition
of the thin film and the micron-sized droplets
can be measured independently.

Tomographic images were created for the
illustration of the thickness (in)homogeneities
and determination of the shape of the sur-
face features, as well. In this way the cross-
sectional thickness profile of the particulates
gives more detailed information about the sur-
face topography than the RBS spectra them-
selves. Furthermore in certain cases, thick-
nesses larger than the probing depth can be
measured, too. This unique combination of
possibilities makes micro-RBS a powerful tech-
nique for the complete analysis of thin PLD
films even if particulates are present [1].

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

[ A. Simon et al., Nucl.
(in press)
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4.2

Rutherford Backscattering Analyses within the Framework of

the IAEA Co-ordinated Research Programme G4.02

A. Simon, A. Csika\ G. A. Langera\ A. Z. Kiss, D. L. Bekea\ L. Dar6czia\ Z. Erdélyia\ A. P.

Kobzevhh M. Khaliguzzamanc)

The IAEA Co-ordinated Research Pro-
gramme G4.02: ”Application of MeV ion
beams for development and characterisation of
semiconductor materials utilising particle ac-
celerators” provided us a possibility to take
part in the following research works at our Van
de Graaff accelerator:

Determination of the interdiffusion coefficient
in amorphous Si/Ge multilayers

The interdiffusion and thermal stability of
amorphous Si/Ge multilayers with thicknesses
of few nanometers were studied previously by
the co-authors in experiments where low-angle
X-ray diffraction was used. Since at these
thicknesses the intermixing can be influenced
by the stress effects, interdiffusion measure-
ments are desirable in thicker layers. Multi-
layers of 10-40 nm repeat length were used for
our experiments. At these layer thicknesses,
using glancing incidence geometry, RBS is an
appropriate, non-destructive technique to gain
direct information on the interdiffusion pro-
cess. For the calculation of the interdiffusion
coefficient (D) the concentration modulation
of Ge was evaluated from the RBS spectra
as a function of annealing time. Our results
confirm the theoretically predicted strong con-
centration dependence of (D). Therefore the
value D = (4.35%£ 0.22) x10_22m2s_1 obtained
for the beginning of the interdiffusion process
characterises the Si diffusion in pure Ge. Af-
ter a long annealing treatment (150 hours at
683 K) D = (4.55+ 0.25)x10_23m2s_1, which
is characteristic for a Sio*Geo” alloy. Using a
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better energy resolution RBS detection facility,
the above results were checked and confirmed
in Dubna.

Cross-comparison measurements of thin films

Evaporation is an easy and therefore com-
monly used method in many laboratories for
preparing thin films. After evaporation an-
nealing is usually required for the rearrange-
ment of the deposited atoms. In case of large
difference in melting points of the components,
the final samples do not bear the same quan-
titative atomic ratio as the starting materials.
Therefore a reliable analytical method is nec-
essary to determine the stoichiometry of the
films. Within the IAEA project cross com-
parison measurements of Culn\-xGaxSe-z and
CulnSe2 samples (prepared in Dhaka) have
been started to see whether RBS could pro-
vide unique composition data. Our first result
shows the elemental composition, but the de-
termination of the exact stoichiometry is diffi-
cult as the mass resolution of our RBS setup
is not high enough at the present to resolve
well Cu and Ga compound masses. Further
improvements of the measuring conditions are
in progress.

a) Kossuth Lajos University, Department of
Solid Sate Physics, Hungary

b) Joint Institute for Nuclear Research,

Dubna, Russian Federation

c) Atomic Energy Centre, Dhaka, Bangladesh



4.3 Application of Micro-PIXE and Micro-PIGE Techniques in the

Field of Archaeology

Z. Elekes, K. T. Biréa\ |. Uzonyi, A. Simon, I. Rajta, B. Gratuzeb A. Z. Kiss

Particle Induced X-Ray Emission (micro-
PIXE) analysis of prehistoric pottery finds
from an intensively-studied Hungarian ar-
chaeological site, VOrs-Mériaasszonysziget has
been carried out at our nuclear microprobe fa-
cility [1]. The aim of our investigations was to
find some unambiguous relations between the
elemental and microstructural composition of
pottery samples and their ages. The fragments
were originated from different closed archaeo-
logical units of various ages.

It was proved that potteries may contain
significant amount and various type of tem-
per materials which, however, do not properly
characterize the ages. The lack of Cu-rich in-
clusions in the specimens from the Early Ne-
olithic indicated that chalcopyrite was not used
as temper material in that age. It was also
shown that the firing process, the usage and
the interaction of the soil with the material
of the clays can alter the concentration of el-
ements. Therefore, cross sectional measure-
ments of the potteries were applied for their
characterization. In this way, to a certain ex-
tent, a classification could be performed among
the samples, where clusterization reflects the
raw material differences rather than the pro-
duction technique of the specimens. This re-
sult suggests that raw material from different
sources should have been used, which raises the
possibility of trade activities with other popu-
lations or other clay sources nearby.

In a second study geochemical charac-
terization of radiolarite samples from the
Carpathian Basin has been performed [2]. Ra-
diolarite is a very important raw material
of the prehistoric age. In this study, sam-
ples from geological and archaeological sites
of the Carpathian basin, Greece and Aus-
tria were measured by two complementary
ion beam analytical methods, namely by Pro-
ton Induced Gamma-Ray and X-Ray Emission
(micro-PIGE/PIXE) techniques. The aim of
this study was to deduce classification criteria
from the analytical results and their macro-
scopic features.

From the analytical results it follows that
radiolarites can be distinguished from similar
non-radilolarite samples by means of their K,
Rb and Fe contents. Elements (Ni, Cu, Zn)
proved to be characteristic for the provenance
of samples, while the other detected ones (Li,
F, Na, Mg, Al..) have no relevance at all in
this respect. Cluster analysis revealed that
samples from the Vienna-basin can be sepa-
rated unambiguously into a cluster with a spe-
cial type (namely Tata-type) of Transdanubian
radiolarite (cluster 1). Specimens from the
Bakony-region and the Mecsek Mountain (ra-
diolarites) could be grouped together in cluster
3. Gerecse-type Transdanubian, Carpathian
radiolarites and the Greek samples have fallen
into two clusters mixed. It was also proven
that there are no correlations between the mea-
sured concentration data and the colour of the
samples, as well as the type numbers of the
pieces based on macroscopic (visual) grouping.

This work is partly the continuation of our
previous ones [3-5] carried out in the frame-
work of the international collaboration COST
Action GlI.

a) Hungarian National Museum, P.O. Box
124, H-1450, Budapest, Hungary.

b) Centre de Recherches Ernest Babelon,
CNRS, 3D rue de la Férollerie, F-45071
Orléans cedex, France.

[1] Z. Elekes et al, Nucl. Instr. Meth. (in
press)

[2] Z Elekes et ai, Nuci. Instr. Meth. B170,
501 (2000).

[3] B. Gratuze et al., British Archaeological
Reports (in press)

[4 P. Rézsa et al., in Applied Mineralogy, Vol.
1. 2000 Balkema, Rotterdam, p 217.

[6] Z. Elekes et ai, Nuci. Instr. Meth. B
161-163, 836 (2000).



4.4

Determination of Energy Loss of Highly Charged lons by Time

Dependent Density Functional Theory

K. To6kési, X.-M. Tongal C. Lemelli and J. Burgdorferi

We studied the energy loss of highly
charged ions (HCI) undergoing grazing inter-
action with the walls of microcapillaries by
time-dependent density functional theory. The
ions approach the walls close enough to suf-
fer a significant amount of energy loss with-
out, however, experiencing charge exchange.
Electron-electron correlation is taken into ac-
count within the linear response theory.

We assume that the isotropic semi-infinite
solid treated as a jellium is located inthez < 0
half space. When an HCI moves in front of the
metal surface, it induces electronic excitations
in the medium. Due to the interaction with
the induced electronic potential (®;n(;) the ion
loses energy and will also be deflected. The
energy loss of the HCI can be obtained from
an integration of the friction force (stopping
power, S = —dE/dx) over the trajectory of
the HCI. The key element in the description of
the energy loss is therefore the stopping power.

Figure 1: Distance-dependent stopping power for a
proton moving in a parallel trajectory with velocity
v=0.29 a.u. in front of a Al surface

Fig. 1 shows the distance-dependent stop-
ping power for protons moving parallel to
a Al surface with velocity v. = 0.29 a.u.
The induced potential was calculated by time-
dependent density functional theory (TDDFT)
and by random-phase approximation (RPA;
i.e. TDDFT without exchange-correlation).
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The difference between the RPA with and
without exchange-correlation contributions in
the kernel can be easily understood from the
different contributions of two parts of the
induced potential.  The Coulomb interac-
tion is repulsive while the exchange-correlation
contribution is attractive. Therefore, with
the exchange-correlation taken into account
(TDDFT), the stopping power is larger than
that calculated in RPA.

For the study of energy loss of HCI in mi-
crocapillary transmission, we have performed
a classical trajectory Monte Carlo simulation
with an ensemble of 107 primary trajectories.
We perform the simulations for a metallic mi-
crocapillary of Al. As projectile we use Arl8+
with an energy of 2.1 keV/amu. Details of the
simulation are given elsewhere [1].

The dominant fraction of the incident
beam will undergo only small angle scatter-
ing and suffer negligible energy loss (< 1eV).
Larger energy loss (> 10 eV) which occurs for
« 2 % of the transmitted ions should be ex-
perimentally observable for 8 > 1°. The cor-
relation pattern of exit angle and energy loss
suggests that the surface dielectric properties
of the capillary material at large distances,
or equivalently, in the long-wave limit can be
clearly probed by measuring the energy loss of
HCI transmitted through microcapillaries.

a) Cold Trapped lons Project, ICORP, JST,
Axis 3F, 1-40-2 Fuda Chofu, Tokyo 182-
0024, Japan

b) Institute for Theoretical Physics, Vi-
enna University of Technology Wiedner
Hauptstr. 8-10, A-1040 Vienna, Austria

[1] K. To6kési, L. Wirtz, C. Lemell, and
J. Burgdorfer, Phys. Rev. A 61 (2000)
020901(R).



4.5
Microcapillaries

Angular Distribution of Highly Charged lons Transmitted Through

K. T&kési, L. WirtzaA\ C. Lemelli and J. Burgdorferi

The angular distribution of highly charged
ions (HCIs) transmitted through microcapil-
laries is studied theoretically by a classical tra-
jectory simulation. The simulation is based on
the classical-over-the-barrier model modified
for dynamical image potential of open cylindri-
cal surfaces. The multi-electron evolution and
relaxation is taken into account as a stochastic
event sequence. As projectiles we consider N6+
with an energy of 2.1 keVV/amu and as target
a metallic microcapillary of Ni. Details of the
simulation are given elsewhere [1].

Fig. 1 shows the angular distributions for
HCls for different charge states. At the exit
of the capillary the charge states are clearly
separated with respect to the scattering an-
gle. The larger the scattering angle the lower
the charge state. However, this clear separa-
tion breaks down at macroscopic distances as
a result of relaxation. The number of effec-
tive single capture events is strongly enhanced
compared with other charge states. Neverthe-
less,'these angular distributions can be used to
identify different phases of hollow ion forma-
tion. At macroscopic distances we can distin-
guish three region for the single capture N 5+
states:

1) Within the scattering angle between 1.12
and 1.17 degrees, the ion which preserved its
originally captured one electron from the sur-
face. These trajectories never flew closer to the
surface than dc(N4+), where dc is the critical
capture distance for N 4+. This corresponds to
the first stage of hollow atom formation: the
capture of single electron into a Rydberg state.

2) From scattering angle 1.17 to 1.21 de-
grees only N5+ ion can be seen in the angular
distributions. But in this region, the original
one electron capture states are contaminated
by the one electron capture states generated by
relaxation. The second region represents pre-
dominantly the second stage of hollow atom
formation with double capture followed by a
single Auger relaxation.
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Figure 1: Angular distributions for HCls for different
charge states. Solid lines: at 5x107 a.u. distance from
the surface (after Auger relaxation), dashed lines: at
the exit surface of the capillary. Contributions of dif-
ferent charge states from to the distribution N 5+ after
Auger relaxation is denoted by different shadings.

3) While in the previous two regions N 5+

is the only charge state observed asymptoti-
cally, at larger scattering angle than 1.21 de-
gree the asymptotically observed charge state
N 5+ is mixed with other charge states. Lower
charge states can be seen in the angular dis-
tributions. Because of the overlap between the
angular distributions of N 5+ and N 4+ at exit,
some coincident information would be required
to completely disentangle the stages. For ex-



ample, detecting an electron (of any energy) in
coincidence with a projectile in the second an-
gular sector (without a charge state analysis)
would permit to unambiguously identify the
second stage of hollow atom formation. For
angles larger than 1.25°, N 5+ originates from
the multiple Auger decay of an (almost) neu-
tral hollow atom, primarily from N 2+ and N +.
Clearly, extending this analysis to later stages
gets progressively more involved. Depending
on the number and energy of ejected electrons
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or photons, more detailed information may be
extended.

a) Institute for Theoretical Physics, Vi-
enna University of Technology Wiedner
Hauptstr. 8-10, A-1040 Vienna, Austria

[] K. To6kési, L. Wirtz, C. Lemell, and
J. Burgdorfer, Phys. Rev. A 61 (2000)
020901(R).
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Relativistic Electron Transport Through Carbon Foils

M. Seligera\ K. T6kési, C. O. Reinholdb J. Burgdorfera\ Y. Takabayashic\ T. Itocdd K. Komakic

T. Azarnak and Y. Yamazakice)

Understanding the ionisation process in
ion-atom and ion-solid collisions is fundamen-
tal from an experimental and theoretical point
of view. Studying the energy and angular dis-
tribution of the ejected electrons provides ba-
sic information about the' underlying collision
dynamics. In the relativistic energy region,
the convoy electrons were detected for the first
time recently [1]. We study the electron loss
to continuum (ELC) by transmission of a rel-
ativistic highly charged ion (Arl7+) with an
energy of 390 MeV/amu through carbon foils
with thickness varying between 25 and 9190
mg/cm2. Our approach is based on the solu-
tion of the classical Langevin equation. The
random walk of the relativistic electron ini-
tially bound to the argon nucleus is simulated
by a Monte Carlo method. As a result of a
series of stochastic elastic and inelastic colli-
sions during transport, the projectile is excited
or ionised. For given initial parameters, equa-
tions of motion were integrated with respect to
time as independent variable by the standard
Runge-Kutta method. The simulated electron
spectra at 0° (convoy electron spectra) are in
good agreement' with the recent experimen-
tal results [1]. Two major components of the
electron spectra are clearly visible (Fig. 1):
1) ELC peak 2) the loss peak due to multi-
ple scattering. The full width at half maxi-
mum (FWHM) is initially decreasing for in-
creasing thickness as a result of higher proba-
bility for ELC from intermittently formed Ry-
dberg states. For thicker targets the*FWHM is
increasing because of a longer random walk of
electrons in -the solid subsequent to ionisation
leading to an enhanced collisional broadening
of the spectrum.

a) Institute for Theoretical Physics, Vi-
enna University of Technology, Wiedner
Hauptstr. 8-10, A-1040 Vienna, Austria

b) Physics Division, Oak Ridge National Lab-
oratory, Oak Ridge, Tennessee, 37831-
6373
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Figure 1: Convoy electron spectra resulting from the
transmission of 390 MeV/amu Ar17+ ions through
amorphous carbon foils of different thicknesses: (a)
50 gg/cm2 (full line) and 530 gg/cm2 (dashed line);
(b) 3080 gg/cm?2 (full line) and 5f00 gg/cm2 (dashed
line); (c) 9190 gg/cm2. The acceptance angle is
AO = +1°. The maxima of the convoy peaks are nor-
malized to one. The numbers by each curve represent
the relative intensity of the spectrum with respect to the
spectrum in (c). The vertical dashed line indicates the
energy where the electron velocity equals the projectile
velocity.

[1] Y. Takabayashi et al, Physica Scripta T80
(1999) 249.

c) Institute of Physics, Graduate School of
Arts and Sciences, University of Tokyo,
Tokyo 153-8902, Japan

d) Institute of Applied Physics, University of
Tsukuba, Ibaraki 305-8573, Japan

e) RIKEN, Wako, Saitama, Japan



4.7
Nanocrystalline Iron

Identification of a Disordered Magnetic Phase in Pure

S. Mészaros, K. Vad, J. Hakl, L. Kerekes, P. Gurin, M. Kis-Varga, S. Szab6a\ D. L. Bekeal

P. F. de ChatelV

Vibration ball milled nanocrystalline iron
powder was prepared under helium atmo-
sphere for the first sample and in vacuum for
the second one. The average grain size was
found to be 30 nm and 20 nm for the two sam-
ples, respectively. Temperature dependence of
low and high field magnetization was measured
by a vibrating sample magnetometer.

Low-field magnetization measurements
were performed in a magnetic field range of
+30 mT. The characteristics were almost lin-
ear with a slight hysteresis and had an average
slope increasing with increasing temperature.

Measurements of thesaturation magnetiza-
tion and coercivity were carried out in a mag-
netic field range of £5 T at different tempera-
tures. The magnetization of the unmilled pow-
der gave the expected saturation value but that
of the nanocrystalline samples was reduced by
10-20% compared to the value for pure iron.

The temperature dependence of field-
cooled (FC) and zero-field-cooled (ZFC) mag-
netic moments were measured for initial and
milled powders at different static magnetic
fields. We found monotically increasing ZFC
magnetization for both samples up to 280 K.
The shape of the ZFC curves are different for
the two samples but the FC-ZFC curves lin-
early scale with the applied external magnetic
field in the studied field range.

As a result, we can state that a ball-milled
iron behaves much like a two-component mag-
netic system. The larger component, provid-
ing about 70% of the magnetization at 5 K,
appears to be reversible as indicated by the
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very small coercivity and behaves like a nor-
mal ferromagnet. It can be reasonably as-
sumed that the hysteretic part of the magneti-
zation and the narrowing magnetization loops
with increasing temperature indicate the exis-
tence of a magnetically random frozen phase,
which gradually melts with increasing temper-
ature. A transition from a high temperature
ferromagnetic phase is not indicated by any of
our results and therefore the intreplay between
spin-glass freezing in the grain boundaries and
a re-entrant transition of the grains are doubt-
ful. Further measurements, aimed as the influ-
ence of sample preparation and as relaxation
phenomena, are in progress.

Figure 1: FC and ZFC magnetization curves in
different magnetic fields for the He milled sample.

a) Department of Solid State Physics,
Debrecen University, H-4010 Debrecen,
P.O.B. 2, Hungary

b) Van der Waals-Zeeman Instituut, Univere-
siteit van Amsterdam, NL-1018 XE
Amsterdam



4.8

Effect of Superstructures on the Critical Layer Thickness for

Three-dimensional Islanding in Stranski-Krastanow Growth

L. G. Wang°\ K. Varga, S. T. Pantalidesand Z. ZhangQ)

In Stranski-Krastanow (SK) growth, an
important quantity is the critical layer thick-
ness beyond which the growth proceeds via the
formation of three-dimenional (3D) coherent
islands. To date, the precise physical factors
defining the critical thickness, hc, in SK growth
have not been fully understood. Here we show
that for the prototype SK growth system of
Ge/Si(001), one must include the effect of the
(2XN) superstructure in the growth front in
order to determine hc accurately. Specifically,
our calculations within the density functional
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theory show that if the growth front is as-
sumed to preserve the (2x1) reconstruction of
the Si(001) substrate, the resulting hc is lower
than what has been observed experimentally.
But with a proper inclusion of the (2xN) re-
construction as the first stress-relieving mech-
anism, three-dimensional islanding is delayed
just to the experimental value of 3 monolay-
ers.

a) Solid State Division, Oak Ridge National
Laboratory, Oak Ridge, TN-37831, USA
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Oscillatory Surface Intermixing in Binary Metallic Alloys

K. Varga, L. G. Wangal S. T. Pantalidesa\ and Z. Zhanga)

The creation of a surface of a metallic sys-
tem often leads to an oscillatory charge den-
sity distribution propagating into the bulk [1],
which may further induce an oscillatory inter-
layer lattice relaxation [2]. Oscillatory inter-
mixing has also been frequently observed in
disordered alloys, with one of the constituents
enriched or depleted from layer to layer. Here
we investigate the oscillation of the concentra-
tion profiles in the first few layers of different
alloys using the density functional theory, with
the Mo-Re and Mo-Ta systems as specific ex-
amples. The Re (Ta) atom has charge excess
(deficiency) with respect to the host Mo atom.
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The Re (Ta) is found to follow the maxima
(minima) of the oscillatory charge density dis-
tribution of the Mo surface layers, thus eluci-
dating the microscopic origin of the oscillation
of the alloy concentration at different layers.

a) Solid State Division, Oak Ridge National
Laboratory, Oak Ridge, TN-37831, USA

ill N.D. Lang and W. Kohn, Phys. Rev. B 1
4555 (1970).

[2] J.-H. Cho, Ismail, Z. Zhang and E.W.
Plummer, Phys. Rev. B 59 1677 (1999).



4.10

A. Z. Kiss, R. Ollia\ J. Raisanenb A. Simon, .

In paper industry felts are used both to
transport the web of paper through the manu-
facturing process and to remove water from the
web. Therefore, the condition of the felt can
strongly influence to the quality of paper as
well as the effectiveness of the overall manufac-
turing process. This is why felt-producers are
continuously seeking for new analytical tools
which help to reveal the causes of wearing out
or malfunctioning of these materials.

During the paper manufacturing process,
the web is pressed between rolls and a contin-
uous felt (i.e. the press felt) in order to remove
its water content. In the press section the in-
creased water pressure in the web makes the
water flow into the felt. The structure of the
press felt affects the dry content of the web.
A higher dry content improves machine run-
ability and reduces the need for energy at dry-
ing. On the other hand felt properties affect
the printability and other paper qualities [1].
Therefore, it is important to know whether the
elemental composition and distribution of im-
purities on the used felts provide information
on wearing out process.

The microanalytical studies were done at
ATOMKI nuclear microprobe in Debrecen.
Exterior surfaces of eight used pressure felts
were scanned by 2 MeV proton-microbeam
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Micro-PIXE Analysis of Press Felts Used by Paper Industries

Uzonyi, A. Virtanenb)

within an area of Imm x 1mm. The micro-
PIXE method provided multielemental quan-
titative analysis from C to U, practically to Fe.
Elemental maps were generated for the study
of elemental distributions.

The results unambiguously show that the
impurities (Na, Mg, Al, Si, P, S, Cl, K, Ca,
and Ti) are in different quantities on the paper-
and roll sides of the worn out felts. It suggests
that during the pressure process the above ele-
ments diffuse into the felt by changing its qual-
ity. Elemental maps also show that these ele-
ments are unevenly distributed and, in many
cases, grains or localised precipitation of ele-
ments can be seen in the valleys between neigh-
bouring fibres of the felts. Because the origin
of the elements is not exactly known the influ-
ence of these factors will be evaluated in fur-
ther studies.

a) Tamfelt Corp., P.O. Box 427, FIN-33101
Tampere, Finland

b) Department of Physics, University of
Jyvéskyld, P.O. Box 35, FIN-40351
Jyvéaskyla, Finland

[ Annual report of Tamfelt Group, 1999



4.11
EPES

Experimental study of surface excitation effects by REELS-

G. Gergelyt, M. Menyharda\ S. Gurbana\ A. Sulyoka\ J. Téth, D. Varga, S. Tougaardb>

In- the chemical analysis of solid sur-
faces the most often used electron spec-
troscopic methods are Auger electron spec-
troscopy (AES), X-ray photoelectron spec-
troscopy XPS, reflection electron energy
loss spectroscopy REELS and eleastic peak
electron spectroscopy (EPES). The detailed
knowledge of the surface excitation effect is
very important in the usage of the above men-
tioned electron spectroscopic techniques for
quantitative surface analysis. The excitation
and electron emission processes are affected by
competitive surface excitation. Impinging and
escaping electrons suffer losses in the solid sur-
face region, producing surface plasmons. The
surface excitation is characterized by the sur-
face excitation parameter Pse. A new exper-
imental procedure described for the determi-
nation of Pse. It is based on REELS-EPES,
using the elastic peak as reference. The proce-
dure is valid for materials having surface and
volume plasmon loss peaks, like Si, In and Sh.
It can be applied for estimating Pse. on mate-
rials exhibiting a surface loss peak decreasing
with energy, like Ag. The ratio of the inte-
grated surface and volume loss peaks is com-
posed and compared with the elastic peak. Ex-
perimental results in the E=0.2-5 keV energy
range are represented for several solids (Pd,
Ag, In, Sb, Fe). Similar studies were made
for Al by Werner [See the ICESS-8 Int. Conf.
(8-12.,Aug. 2000, Berkeley, California, USA)
Proceedings to be appeared in the Journal of
Electron Spectroscopy and Related Phenom-
ena and articles in it by W. M. S. Werner et
al.}.

a) Research Institute for Technical Physics
and Materials Science, P.O.Box 49,
H-1525 Budapest, Hungary

b) Physics Department, University of South-
ern Denmark, DK-5230 Odense M., Den-
mark

[ C.M. Kwei, C.Y.Wang, C. J. Tung, Surf
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Interf. Anal. 26 (1998) pp 682.

[2] Z.J. Ding, Condensed Matter 10 (1998) pp
1733.

[3] Z.J. Ding, Condensed Matter 10 (1998) pp
1753.

[4 M. Vicanek, Surf. Science 440 (1999) pp
1.

[5] Y. Chen, P. Su, C.M. Kwei, T.L. Chou,
Phys. Rev. B50 (1994) pp 17547.

[6] S. Tanuma, K. Goto, Surf, and Interface
Anal. 30 (2000) pp 212.

[71 S. Tanuma, K. Goto, Int. Workshop IMFP
2000 Budapest, Extended Abstr. ThTe-
16.

[B] S. Tougaard, J. Kaer, Phys.
(1991) 1651.

Rev. B43

[9 M. Krawczyk, A. Jablonski, S. Tougaard,
J. Téth, D. Varga, G. Gergely, Surface
Science 402-404 (1998) pp 495.

[10] H. Raether, Excitations of plasmons and
interband transitions, Springer Tracts
Mod. Phys. 88 (1980) pp 51-53.

[11] G. Gergely, M. Menyhard, A. Sulyok, J.
Toth, D. Varga, K. T6kési, Appl. Surf.
Sei 144-145 (1999) 101
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4.12

J. Toth

In electron Rutherford backscattering
(e_RBS), recoil effects were revealed long time
ago Boersch et. al [1]. The usage of the ef-
fect as analytical tool was introduced by Igo-
nin, Makarov, Nakhodkin and Melnik [2,3] in
the electron kinetic energy range 10-30 keV. In
the medium energy range 0.5-5 keV, which is
quite surface sensitive, less studies were made,
Laser, Seah, Goto and Shimizu [4,5]. In the
present paper experimental results on recoil
broadenings of elements and some analytical
applications on composite materials are pre-
sented. The results from different aspects
were presented before at international work-
shops and conferences: IMFP2000 Int. Work-
shop Budapest 2000 Jan.; ECASIA-99, Oct.
1999., Seville, Spain; ISSR, June 2000., Ku-
dova, Poland; JVC8 June 2000, Pula, Croatia;
QSA-11, July 2000., Surrey, UK. [6].

By the help of a home developed instru-
ment (XPS-XAES-REELS-AES) Varga et al
[71 high energy resolution elastic peak spec-
tra were measured for Ni (polycristalline), Si
(amorphised by Ar+ sputtering), graphite (C)
(polycristalline) and Au [(polycristalline) as
reference because of its high atomic mass]
samples. For the proper setup of the in-
strument a preliminary study was also impor-
tant [8]. The samples were cleaned in situ in
UHV by Ar+ etching, except C, which was
scraped by stainless steel knife in UHV. Clean-
ness tests were made by XPS-XAES-AES-
EPES. The HSA based electron spectrome-
ter used of ESA-31 (home-made, ATOMKI,
Debrecen) is an XPS-XAES-e-AES-REELS-
EPES measurements system [7] working in
pulse counting mode equipped with computer
control and data acquisition [l. Cserny] and
with data evaluation software package of EWA
code [J. Végh]. The electron energy range
of the ESA-31 is up to 10 keV, in the
present experiments the 0.5- 5 keV range was
used. In the experiments the scattering an-
gle was: 0 = 130° the HSA energy resolu-
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Medium Energy Range HREELS as a Tool for Analytical and
Structural Determination*

tion ((AEanai/Epass)=0.0054) was 0.54 % de-
termined experimentally [8] (the 0.54 % is well
matched with the theoretical value of the ESA-
31 HSA resolution [10]) which ensured quite
good relative energy resolution by the usage
of the FRR (fixed retardation ratio) work-
ing mode in the retardation ratio range of
K (k=Efcjn/Epass) from 2 to 198. The ana-
lyzer resolution in this way were in the 68-287
meV range. By the help of this excellent ana-
lyzer resolution, the ”instrumental resolution”,
that is the total FWHM of Au elastic peak
as “resolution standard” was about 0.4-0.6 eV
(analyzer+electron gun broadening+Au own
broadening). The high resolution was very
important from the point of view of the pre-
cise measurement of the elastic peak FWHM.
The elastic peak high kinetic energy side back-
ground level was better than 0.01 %. But even
the low kinetic energy side was very good, the
background level was in the 0.3-1 % range as
relative amplitude to the elastic peak maxi-
mum. The electron source was LEG62 type
(VG Microtech). All of the electron gun op-
erating parameters were optimized experimen-
tally and well adjusted to the ESA-31 accep-
tance area by the help of XPS and REELS-
EPES methods [Varga et. al unpublished].
This high resolution experimental conditions
were used in the IMFP measurements - by
EPES - which are cited in Ref. 9.

The experiments were made in the vacuum
level of 7 «10-10 mbar in the measurement
chamber, and 3+10-9 mbar in the preparation
chamber.

For Si and C the recoil broadenings follow a
function of nearly squareroot of (Eprimary/M)
(M: atomic mass of the target material) as it
is waited on the basis of text books in basic
physics (solid state, etc.). It is also evident
that not only the broadenings but the energy
shifts are also remarkable which can be de-
tected easily with the energy resolution used in
our experiments. The recoil shifts at first ap-



proximation follow the simple single scattering
formula of electron-RBS assuming quasi elastic
scattering [1].

Presently the detailed description of the re-
coil effect in the energy range mentioned here
is not the aim (see the forthcoming papers soon
in international journals -Vacuum, SIA- by the
persons mentioned in Ref. [6]. Presently the
aim only to demonstrate the analytical ca-
pability of the method by the help of com-
posite materials, compounds from low atomic
mass elements f. e. polymers doped with ’high
atomic number’ elements. That is the aim is
to present a "fully experimental” method, the
so called HR-EPES (High Resolution EPES)
which can be a powerful analytical tool in some
special cases [1,2,3/4]. (See the contributors
who are cooperators from Warsow ICHF, PAS
and MFA-Budapest and ATOMKI-Debrecen,
HAS) of the development of HR-EPES in the
conference materials mentioned in the refer-
ences).

The idea of EPES (Elastic Peak Electron
Spectroscopy) originally suggested by Schilling
and Webbs, but in practice was originally de-
veloped by Gergely, Jablonski, Menyhard and
Sulyok and about the same time by Nakhod-
kin, Melnik and their colleagues as well to de-
termine the inelastic mean free path (IMFP)
of electrons. Recently the quantitative EPES
(Q-EPES) was published in an excellent review
article by Powell and Jablonski, see all here
mentioned names and their articles in Ref. [9].

The IMFP is an important parameter in
the analytical and structural electron spec-
troscopic techniques:  XPS-XAES, e-AES,
REELS.

The HREPES (originally suggested in the
medium energy range by Laser and Seah) gives
a new perspective in the above mentioned
techniques not only scientific point of view,
but from applications point of views as well.
Especially important fields are, for example,
new materials construction, like conductive
polymers for opto-electronics and/or catalysis
and revealing single crystal structures as well.
(And may be the reveal of environmental spec-
imens).

The HREPES method is a good help in the
development of theoretical models as well for
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that cases when only the conventional EPES
can be used.

The HREPES method gives a new perspec-
tive in the experimental determination of the
IMFP more precisely in some special cases giv-
ing a new possibility to reach the engineer-
ing precision of the above mentioned electron-
spectroscopic methods.

[1] H. Boersch, R. Wolter, H. Schoenebeck
Zeitschrift fir Physik 199 (1967) pp 124-
134.

[2 S.H. Igonin, V.V. Makarov, Pisma, ZSTF,
Vol. 13. bip 17. (1987) pp 1043-1047.

[3] N.G. Nakhodkin, P.V. Melnik, J. of Electr.
Spectr. Kk Rel. Phenom. 68 (1994) pp
623-639

[4 D. Laser and M.P. Seah, Phys. Rev. B47
(1993) pp 9836-9839.

[B] K. Goto and R. Shimizu, Proc. Int. Symp.
At. Level charact. for New Maters. K
Devices, Hawai, USA 23-28. Nov. (1997)
pp 403-406. org. by Microbeam Anal.
Soc. 141 Committee of JSPS

[6] A. Jablonski, A. Kosinsky, B. Lesiak,
ICHF, PAS, Warsow; Zs. Bene, G.
Gergely, M. Menyhérd, A. Sulyok MFA,
HAS, Budapest; Z. Berényi, L. Kdvér,
J. Toth, K. Tékési, D. Varga ATOMKI,
HAS Debrecen, Hungary; - ECASIA-99,
Seville, Spain, October 1999, - IMFP
2000 Jan, 2000, MFA-Budapest, - JVC8
June 2000, Pula, Croatia, - ISSR June
2000, Kudowa, Poland, -QSA-11 July,
2000, Surrey, UK.

[7] L. Kovér, D. Varga, I. Cserny, J. Toth, K.
Tékeési, SIA 19 (1992) pp 9-15.

[8] J. Téth, D. Varga, I. Cserny, L. Kovér,
C. Jardin, A.D. Zeze, B. Gruzza, G.
Gergely, Vacuum 50 (1998) pp 473-479.

[9] C.J. Powell and A. Jablonski, Physical and
Chemical Ref Data, 28 (1999) pp 19.

[10] D. Varga and I. Cserny
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5.1

Geological Applications of Micro-PIXE Technique

P. ROzsa0l, Gy. Szd6ra\ Z. Elekes, I. Uzonyi, J. Simuldkal A. Simon, A. Z. Kiss

Phenocrysts inclusions in obsidian glasses
have been studied by Particle Induced X-Ray
Emission (micro-PIXE) method at the nuclear
microprobe of the ATOMKI. Analytical data
were evaluated in co-operation with the De-
partment of Mineralogy and Geology of the
University of Debrecen [1].

Obsidians are natural glasses having no or
very low (less than 5 %) crystalline phase. The
aim of this study was to analyse minerals found
in some obsidian glasses. Samples were col-
lected in Armenia, Greece, Hungary and Slo-
vakia. In the obsidian samples the follow-
ing minerals of various sizes (10-500 4T) were
identified: pyrrhotite, chalcopyrite, pyrite, zir-
con, pyroxene, amphibole, biotite, plagioclase
feldspar, quartz and anhydrite.

On the basis of the study of phenocrysts
observed in the obsidian glasses some petro-
logic conclusions can be drawn. Hf contents
of zircon crystals in obsidian samples from two
localities of the Tokaj Mts. (Sima in Hungary
and Vinicky in Slovakia) show definite differ-
ences. It seems that Ca-poor orthopyroxene
crystal in the sample from Sima (Hungary) is
in equilibrium, while Ca-rich pyroxene crys-
tals of obsidians from Melos and Giali (Greece)
may be in equilibrium with the residual glass.
Henceforth, it is possible that these crystals
can not be regarded as xenocrysts. However,
Ca-rich plagioclase feldspars detected in sam-
ples from Vinicky and Melos while quartz crys-
tals in the specimen from Giali have suppos-
edly been incorporated in the glass during its
formation process. Anhidrite-chalcopyrite and
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pyrrhotite-pyrite-chalcopyrite assemblages in
obsidians from Aragats Mountain (Armenia)
and Vinicky were formed by hydrotermal ac-
tivity.  Notwithstanding, it is questionable
whether the solid obsidian rocks suffered the
hydrothermal activity or these crystals were
incorporated by the rhyolitic melts.

In another geological study, magnetic
spherules from several localities in Hungary
were analysed by micro-PIXE method [2]. It
is worth mentioning that this study can be re-
garded as a continuation of our previous inves-
tigations on Carpathian and other spherules
[34]. In this case the question to be answered
was whether the particles are cosmic dusts or
markers of a meteoritic impact? From the an-
alytical data it could be inferred that the mag-
netic spherules from Uveghuta (Méragy Gran-
ite Complex) show the fingerprint of a mete-
oritic impact in the past.

a) Department of Mineralogy and Geology,
University of Debrecen, P.O. Box 4, H-
4010, Debrecen, Hungary

[1] P. Rézsa et ai, Nuci. Instr. Meth. (in
press)
[2] Gy. Sz6or et ai, Nuci. Instr. Meth. (in

press)

[3] I. Rajta et ai, Nuci. Instr. Meth. B 118,
437 (1996).

[4 1. Uzonyi et ai, Nuci. Instr. Meth. B

139, 192 (1998).



5.2 Long Range Tendencies and Meteorological Effects in Aerosol

Concentrations

I. Borbély-Kiss, Zs. Kertész, E. Koltay, Gy. Szabd, K. Tar

Systematic investigation of regional air
quality has been started in the Institute of Nu-
clear Research in 1991. Integral sampling has
been made in measurements covering a time
period of 10 years with a single stage Nuclepore
sampler. Since 1993 atmospheric aerosol sam-
ples have been collected with a ”Gent” stacked
filter unit (SFU). Particle masses (PM) of the
samples have been measured by the use of a
Sartorius microbalance. ”Black Carbon” com-
ponent (BC) collected on the fine stage sam-
ples has been measured by a Smoke stain re-
flectometer. Proton induced X-ray emission
analytical method (PIXE) has been applied
for deducing absolute concentration data (in
ng/m3) on elemental constituents (Al, Si, P,
S, Cl, K, Ca, Ti, V, Mn, Fe, Ni, Cu, Zn, (As),
Br, Ba, Pb) of the samples

Seasonal variations, correlations with the
amount of precipitation and wind sector dis-
tributions were observed for separate ele-
ments. Absolute principal component analy-
sis revealed four typical factors contributing to
the aerosol burden.

On Fig.l we show one of our results ob-
tained by PIXE analyses of fine mode aerosol,
collected in Debrecen (urban sampling site).
Here the total mass and BC content, to-
gether with the concentrations of elemental
constituents of fine mode aerosol can be seen.
The summer and winter maximum of the con-
stituents can be explained with the seasonal
variation of the anthropogenic emission (heat-
ing period), and the seasonal variation of the
natural emission (soil erosion).

This work was supported by the Hungarian
National Foundation for Scientific Research
(OTKA, T032264)

a) Institute of Meteorology, Debrecen Uni-
versity, H-4001 Debrecen, P.O. Box 37,
Hungary
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Figure 1: Monthly average concentrations offine mode
aerosol constituents



5.3

Gas Formation in L/ILW Packages

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

Low and intermediate level radioactive
waste (L/ILW) generated in Paks NPP con-
sists mainly of spent ion exchange resins used
for water purification, contaminated trash and
scrap, protective clothes, gloves, towels, and
ash from incineration of combustible radioac-
tive waste. Operational waste is packed into
containers of steel (drums), in some cases first
solidified (conditioned). The L/ILW opera-
tional waste contains only very small amounts
of long-lived radionuclides. It needs to be dis-
posed in a repository, although it will decay to
harmless levels in a relatively short time.

During the storage significant quantities of
gas may be generated within the drums, prin-
cipally by the coupled processes of metal cor-
rosion and microbial degradation of organic,
particularly cellulosic wastes. It is likely that
a small proportion of the generated gas will be
radioactive, principally as a result of the incor-
poration of the isotopes 3H and 14C that are
present within the waste.

If gas were to be contained within the
repository, a build-up of pressure would oc-
cur. This could have an effect on the engi-
neered structure and host rock, and lead to
a disturbance of the pressure-head gradients
and groundwater flows in the vicinity of the
repository. On the other hand, if gases es-
cape from the repository into the geosphere,
various possible consequences should be con-
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sidered. Within the geosphere, the gas might
have an effect on the local groundwater flow
regime. Within the biosphere, there are po-
tential hazards associated with the release of
radioactive and flammable gases.

Gas composition measurements have been
carried out by mass spectrometry analysis of
samples taken from the headspace of ten drums
temporarily stored at Paks NPP. Four drums
contain compacted solid waste, three drums
are filled with grout sludge and three drums
contain not compacted solid waste. The drums
have been equipped with special gas outlet sys-
tems to make repeated sampling possible. We
found significant differences in the gas compo-
sition among the drums. The composition of
these gases depended on the type of the waste
and its conditioning. The drums were inher-
metic so the internal pressure was not higher
than 1,2 bar in any of them. In most of the
drums the headspace was depleted in oxygen.
Significant increase of hydrogen was found only
in some of these drums. Organic compounds
appeared in the drums filled with compacted
solid waste.

These results represent only the first stage
of a long-run investigation. Continuous sam-
pling of these drums can help us to understand
gas-formation processes in different type of low
and intermediate level radioactive wastes.



5.4

the RWTDF of Puspokszilagy

I. Futo, M. Molnar, L. Palcsu, E. Svingor, Zs.

As a part of a national safety assessment
research programme of the Centralised Ra-
dioactive Waste Treatment and Disposal Fa-
cility of Hungary (RTTDF) situated near vil-
lage Puspokszilagy, two near surface radioac-
tive waste container vaults were opened at \bth
March 2000. This ’A’ type vaults were closed
in 1972, when they were full.

Before removing the protective lids sam-
pling of the headspace gas of the vaults was
performed by a special gas outlet system
through the concrete bed. One of the cells
(Code: A5) contains non-conditioned L/ILW
radioactive waste directly filled into the con-
tainer vault. The other one (Code: A6) con-
tains cemented waste, so there was a small gas
field between the top of the surface of cemented
waste and the lid of the vault.

Using the same method qualitative gas
analysis of the two headspace gases were car-
ried out in situ in the vicinity of the dis-
posal facility. During the gas-analysis with
an OMNISTAR quadrupole mass spectrom-
eter, gas samples were collected from both
cells into 7 1volume stainless steel bulbs us-
ing a special gas-handling system. Helium,
carbon and oxygen isotope ratios, respectively
14C and tritium contents of gas samples were
measured in the Laboratory of Environmen-

Szanté
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Headspace Gas Analysis of Closed Radioactive W aste Vaults in

tal Studies of the INR. After separating the
different gas components radiocarbon content
was measured with a proportional counter, tri-
tium content was measured with an LSC (TRI-
CARB 3170 TR/SL). The helium content and
isotope ratios were measured with a VG-5400
noble gas mass spectrometer and the other sta-
ble isotope ratio measurements were carried
out with a stable isotope mass spectrometer.

Compositions of the headspace gases were
very similar to the ones of air. No signifi-
cant hydrogen production or oxygen depletion
was detected. The carbon-dioxide content was
sixty-times more in the gas of the A5 cell and
six-times more in the A6 cell compared to the
air. The &3C and &80 isotope ratios show
that this surplus is the result of decomposition
of organic materials. The specific radiocarbon
activity of carbon dioxide was about 3 Bg/cm3
in both cells.

The tritium activity content of headspace
gas was two orders of magnitude higher in the
A5 cell (8.8 Bg/l) than in the A6 cell (0.04
Bg/l1). These results are in good agreement
with the total tritium content of contained
waste in the individual cells. The higher 3He
content in the cells is due to tritium decay and
shows that the gas migration from the cells to
outside is not considerable.



5.5 Application of a Noble Gas Mass Spectrometric System in En-

vironmental Studies

I. Fut6, M. Molnar, L. Palcsu, E. Svingor, Zs. Szantd

Tritium labelling makes possible the study
of short-term transport, mixing processes and
exchange in the groundwater (in particular
the 3H labelling allows for determination of
mean residence times of unconfined ground-
water in fractured and sedimentary aquifers).
The qualitative detection of tritium is a certain
prove of the presence in a sample of recently
recharged groundwater [1].

The most often used measurement tech-
nique is the tritium-helium method determin-
ing the tritium concentration of water by
helium-3 ingrowth.

The measurements were done by a VG5400
noble gas mass spectrometer.

Tritium concentration in different area of a
groundwater basin used for drinking water in
NE Hungary was determined.

The pilot area of the investigation was

Kétaj in (NE) Hungary. The basic problem of
the Kotaj basin is the poor knowledge of the
origin of its water. The present exploration
and plans for further investigation were per-
formed in order determine the origin of water
in the nearby aquifer by the measurement of
the tritium content of the water. Fig 1. shows
the relation between tritium concentration and
depth of different boreholes. The tritium con-
centration does not exceed ITU in any of the
examined boreholes.

An evident trend can be observed: the
deeper borehole the lower tritium concentra-
tion. In case of well K6taj 2/A however the
measured 220 mTU could indicate a possible
infiltration.

[ W.J. Jenkins, C.B. Clarke, Deep-Sea Res.,
23, 481-494, (1976).

Tritium measurements at Koétaj aquifer (NE Hungary)
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Figure 1: Tritium concentrations in function of depth
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6.1

Novel Oxidation Method of [nC]Carbon Monoxide

E. Sarkadi-Priboczki, P. H. Elsingaal J. Medemaa W. Vaalburga\ G. Horvath®, Z. Kovacs

During the last two years the Fe/ZSM-5
catalyst was investigated in relation to the
reaction mechanism of the partial oxidation
of [LLC]methane to [n C]methanol by nitrous
oxide at room temperature (1). To improve
the radiochemical yield (it was only 3-5 %
for EOB) the required, pre-reduced form of
Fe/ZSM-5 zeolite was tested by a simple reac-
tion of [n C]CO to [n C]C02 by nitrous oxide.

After adsorption of nitrous oxide on the
catalyst at room temperature, the tube con-
taining the catalyst was cooled to below -15°C
and the [n C]JCO was trapped on Fe-zeolite.
The decomposition of nitrous oxide and oxida-
tion of [u C]JCO was performed simultaneously
at 250°C. After the reaction, the remaining
[n C]CO was flushed by helium and the cata-
lyst was heated further to 280°C to collect the
radiolabelled products from Fe-zeolite for anal-
ysis. The radiochemical yield was 15 % (EOB).
The radioactive product and the unchanged
N20 were analysed by radio-gas chromatog-
raphy (HayeSep Q normal column, 8°C for 1
min, warmed to 30°(5, TCD- and scintillation
detector). Inactive gas mixture (CO, CO2) was
added for identification of [n CJcompounds.

The simple oxidation of [11C]JCO to
[hn C]C02 is model reaction to test the
Fe/ZSM-5 zeolite as a catalyst. Our target
reaction is the synthesis of [n CJCH30H from
[n C]methane on this zeolite with high yield.
This process is more complex and difficult be-
cause [UC]methane can oxidize in different
ways depending, on the experimental condi-
tions. Our measurements confirm two sugges-
tions in the literature that the presence of re-
ductants ([L1IC]CO) facilitate the partial oxi-
dation on the catalyst and that the Fe-(0)a-
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Fe complex is unstable resulting in lowered ra-
diochemical yield of 3-5 % during more time-
consuming processes (2,3).

This work was financially supported by the
Hungarian Scientific Research Fund No. T
031764 and the Royal Netherlands Academy of
Arts and Science. Fe/ZSM-5 zeolite was pre-
pared by the Department of Inorganic Chem-
istry and Catalysis, Utrecht University, The
Netherlands and the Applied Chemistry De-
partment of Szeged University, Hungary.

Figure 1: Apparatus for novel oxidation method of
[n C]CO or [n C]CH4 on Fe-zeolite

a) PET-Center, Groningen University Hospi-
tal, Groningen, The Netherlands

b) University of Debrecen, Medical and
Health Science Center, PET-Centre

[1] E. Priboczki, et al. ATOMKI Annual Re-
port (1999) 76

[2 G.I. Panov, et al.
365-385 (1998)

Catalysis Today 41:

[3] K.A. Dubkov, Kinetic and Catalysis 39,1:
72-79 (1998)



7.1 The ECR

S. Biri, A. Valek, L. Kenéz and A. Janossy®)

As a new domestic collaboration we started
to product and study endohedral fullerene
molecules and ions. In the B-minimum trap
of the ECR ion source the confinement time
of the charged particles can be much longer
than in other, conventional ion sources. A
special low-temperature mini-oven was con-
structed and placed close to the plasma cham-
ber of our ECRIS. The mini-oven first was
tested with Zn and with Pb. Highly ionised
Zn and Pb plasmas and beams were success-
fully produced.

In the fullerene experiments we successfully
produced N@C6o molecules in nitrogen plasma
(here the N located in the centre of the car-
bon ball). Aprrox. 200 mg pure Cso powder
was placed into the crucible of the oven and
the temperature was slowly increased to reach
a slow, regulated evaporation point of about
470 C. Meanwhile the normal ECR-plasma was
ignited with nitrogen gas using very low (sev-
eral watts) microwave power. This way a dense
mixed plasma of mainly N, N2, C and Cego is
produced. The probability of producing endo-
hedral (and other) fullerenes is increasing if the
plasma is tuned well. The tuning of the plasma
is carried out by extracting the total beam and
by analysing the G0 ions by a 90 degree bend-
ing magnet with extremely narrow slits. The
extraction voltage was as low as 500 V.

Majority of the plasma particles (C, Gsb
14@Coo etc) are collected on a cooled, remov-
able Al tube inside the plasma chamber. Using
the electron-spin-resonance (ESR) technique
the N@C60/C60 ratio was measured off-line.
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lon Source as Fullerene Accelerator

During the first series of experiments this ratio
was found more than 2 times higher than our
earlier typical results (using other, non-ECR,
conventional techniques).

In the extracted beam spectrum we suc-
cessfully analysed Qr0, @r6r and CAGr+ ions
(see figure). The highest measured Gy beam
current was 4 nA at U=500 V extraction volt-
age. We also found a fraction of beam with
atomic mass larger than 720 (between 730 and
740). The ratio of this unknown beam inten-
sity to the CgQ current is about 5E-3.

We note that there are many heavy clus-
ter carbon ions (e.g. C|+, C8+, C|+ , q: ion
charge) in the spectrum which includes the op-
portunity to use the ECRIS for cluster plasma
and beam production in the future.

25
T« +
2.0
1
15
3 o
E 1.0
0.5 A @mrﬁ CM+H.

8 10 12 14 16 18 20 22 24 26 28
Analysing magnet current (A)

Figure 1: Typicalfulleren beam spectrum produced
by the ATOMKI-ECRIS.

a) Tech. Univ. Budapest, Dept.
Physics, 1521 Budapest, PO Box 91

Exp.



7.2
Signal Processors

G. Kalinka

Baldinger and Franzen [1] has derived use-
ful approximate expressions for the amplitude
and measurement time at the output of a linear
amplifier due to finite duration detector signal.
In the present work an extension of their idea
is given for finite and infinite input signals, ac-
counting for the influence of the preamplifier
and finite risetime of the electronics as well.

Let the output signal be g{t) due to an ideal
i(t) = 6(t) input signal, and its amplitude be
equal to go = g(to), to being the measurement
time. Let there be a complete signal process-
ing chain with exponentially decaying pream-
plifier signals (RfCf = 1/Y), and consisting of
a linear amplifier with pole zero compensated
differentiator input (RdCd = r*), and a para-
sitic integrating term, somewhere in the chain
(RACd = K). Then for an arbitrary input sig-
nal i{t) of finite duration T the output signal
can be described by the following integral

t-zT
]> - HFESIAHTI

50=J@) 1
0O O 0
*[9'(y) +9(y)/Td]dy dxdz.

Its maximum value, the amplitude

t-zT-xK

Am(T,Y,K) =

SO+A€’»I,F[7§I-+Yd7 +Kd_K \n IT,Y,K=0
is reached at measurement time
tm(T,Y,K) =

IO'|'7|;-:vni\ T§|-+Y3_Y +K3_< Im\T,Y,K=0"

The Taylor expansion approximation is justi-
fied by the fact that in most practical cases
neither tm, nor Am can be given analytically.
The lowest order coefficients, can be expressed
as

(200) lai’ f°rfinite duration signal

[a£l, for exponential detector signal,
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Signal Amplitude and Measurement Time with Linear Analogue

f010 _ gpind  fo) +A

Na.00) =4 O00)=a

ALOX0) =fr - g (0,

er.00) _ \gi («2 - «i2p> for fmite signal
["2(a£2 ~ aH)<f°rexponential signal,

8(0.20)= _ T {2# +281[2¢90(zd -t0)+ g2 a

gi

X(tQ —27d)]1 =8 202 d "Fgpir-goird ~ tp)

+g2TX (4Td-to)U

AL°"-2) = ¢ 2(ccE2- a El),

nr)=pr)=arAl=o,
where:

gn= g (t0),

CCn = T -nfo i(t)tndt,

a B, - Joe~"tndt=n)\,

X-0
Rn=£etd tn[g\t)+g(t)/rd]dt.

As an important quantity, the relative ballistic
deficit due to a finite detector signal of dura-
tion T, or to an infinite exponential one with
decay time constant T, i.e. the loss of ampli-
tude relative to those due to an infinitely fast
detector signal can be written as

B1 Am(T,Y,K)
A.(0.Y,K)

[1] E. Baldinger and W. Franzen, Advances in
Electronics and Electron Physics 8, 256
(1956)



7.3 1/f Noise Index of Double Gated Integrator Shaper with Differ-

entiating Prefilter

G. Katinka

Recently J. Gal [1] has analysed in de-
tail series (delta) and parallel (step) noise in-
dices of double gated integrator (DGI), and es-
tablished that using a differentiating prefilter
(DPF), these indices coincides with that of the
single gated integrator (SGI) with integrating
prefilter (IPF) designed by Kandiah [2]. The
step and delta noise indices of the latter shaper
were first determined by Deighton [3], then
Llacer [4 was the first who calculated its 1/f
noise index, all in time domain. A recent cal-
culation in the frequency domain [5] resulted
in, however 12 % higher 1/f noise index. In
the present work, therefore a .thorough check
of both methods is given, and attention is paid
to difficulties arising during numerical calcula-
tions.

Since aside from a multiplication constant
the step response function of DGI-DPF and
SGI-IPF circuits is gft) = e~{r-K/1—1, where
r is the time constant of the prefilter, they can
be considered to be equivalent.

The 1/f noise index in the time and fre-
guency domain, respectively, is expressed as

JUIT (t)dt
From the
0<t<T
Us (1) fs(0
W ) e(T-tvV T <t <°°

step noise residual function the 1/f noise resid-
ual function is obtainable as

Y2 d
w«):jVAT EIE
-Jmc-e"Fl-Jax),
; ?”T’i yfix- eMFrydax) - Aja(x-l)
~(a-1)eal-XF(jec(x-1),

for 0<t<T and T<t<oo respectively. Here
T is the duration of integration, and

F(y) =JV df ,x=t/T,a=T/z.
From the Fourier transform of the step noise
residual function one gets
\H{jcof =
1- coZl 2- cos(co T) —(UT sin(a) T)
g(T) (azr\(azra2+1
Integrating these functions numerically the fol-

lowing results for 1/f noise index are obtained,
where previous calculations are also shown:

a Time Frequency [4 Bl
domain domain

0.5 5.228 5.229 5.228
1 4.685 4.686 4.686
1333 4.565 4.566 405 4.563
1852 4517 4.517

2 4.521 4.521 4.572
2.098 4.526 4.526

4 4.809 4.809 4.805

10 5.785 5.785

Present data obtained by both methods
are consistent with each other, therefore can
be considered as reliable and almost coincides
with that of [5], whereas of [4] proves to be
erratic.

It is worth noting that the 1/f noise index
reaches a smooth minimum value at a — 1.872,
close to 2.098, the minimum for the combina-
tion of step and parallel noise indices.

[4 J. Gal, accepted for publication in Nucl.
Instr. and Methods A (in press)

[2] K. Kandiah, Report No. AERE-R 5019,
Harwell, 1965

[3] M.O. Deighton, Nucl. Instr. and Methods
58, 201 (1968)

[4] J. Llacer, Nucl. Instr. and Methods 130,
565 (1977)

6] K. Husimi and M. Kuwata, Nucl. Instr.
and Methods A416, 397 (1998)



7.4 Ballistic Deficits due to Planar Detector Signals

G. Kalinka

Baldinger and Franzen [1] has shown that
the ballistic deficit caused by an arbitrary de-
tector signal i(t) of finite duration T can be
expressed in lowest (2nd) order approximation
as
B=-y4A"0o~CCr)T2,

29 (t0)
where g{t) stands for the output signal shape
of the processor due to an infinitely short de-
tector signal, to for the peaking time, and the
an moments are defined as

ctn= -;‘\-ll-{t)trdt.

1 o
For a given electrode of an arbitrary detector
the induced current due to r —e, h charge car-
riers is given by the Ramo- Shockley equation:

u(t) = ~qi(t) Vi r{([)J Ey ®)

where, for trapping with no detrapping gi =
gioexp(—t/r*~) is the moving charge inducing
the signal, 1f being the trapping time, rris
the position-, Vi the velocity-, while Ew is the
weighting field-vector. For ideal planar detec-
tor, where Ew— l/w with w being here the
sensitive thickness, r*= x the distance mea-
sured from the negatively biased electrode,
and Vi= const., the expression for the in-
duced current from charge carriers created at
relative depth a = x/w, significantly simpli-
fies, enabling to obtain ani in the following
analytic forms

r “1n
1 a a A+ T gmlmn
t+1 - 7(1-a) =+
for a < a*, and
1 AL +(1 /(1 ~a)
a nh = I—I+l a (.'«) a

for a < a*, with a* = 7/(1 + 7), depending
on wheather electron or hole transit times are
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longer, where 7 = Vh/ve and Afn the trapping
moments are given by

I
= (n:|1-+iL) i - e_*£(1+
1 k=
Here ye = (1 a)Te/T+, yk = aTe/{"1"),

Te = w/ve, while the total detector signal du-
ration is

U~a)Te if a<a

if a>a.
In the case of no trapping, when TA = 00 and

Afn — 1, the ballistic deficit can be written in
the simple

B=— AN|'3a4(l+-)2- 4a32+- +\) +
24g(/0)L r 7 Y2

+6a2(l+ 5 —1 ]
y

form. For the 7 = 1/3 case, typical

of Si, Ge, etc., this reduces further to

B=-—"4n(48a4-80a3+ 24a2-1) T2
24 s(/or

If preamplifier output signals have an
Nexp(-tY) decay then it modifies effective
balistic deficit in linear appproximation to [2]:
B
Byt
1+

g(t0) A
where Am = Am[i(t), Y] is the detector sig-
nal shape and preamplifier decay dependent
output signal amplitude.

[1] E. Baldinger and W. Franzen, Advances in
Electronics and Electron Physics 8, 256
(1956)

[2] G. Kalinka, in this Annual Report p.62.



7.5
L. Kenézi, S. Biri, A. Valek, J. Karacsonyi

Langmuir probes are successfully applied
diagnostics tools which in many practical ap-
plications provided reliable results. Diagnostic
research of ECRIS plasma using electrostatic
probes is yet an untapped research field. The
plasma of the source is complicated and condi-
tions are difficult to handle which make limita-
tions of the probe’s applications. Both the the-
oretician and the experimentalist have to face
difficulties: the plasma is created by a high fre-
qguency electromagnetic field, it is confined in
a strong and inhomogeneous magnetic mirror
configuration, depending on the plasma con-
ditions the electrons can have non-Maxwellian
energy distribution, presence of ions with dif-
ferent charge states etc. With careful design
and experimental approach many of these dif-
ficulties can be handled or can their influence
be minimised for certain plasma conditions.
Because of the above mentioned difficulties in
case of an ECRIS plasma we do not expect to
determine absolute values, but the evolution of
some local plasma parameters in the course of
external effects such as e.g. electron injection,
gas-mixing etc.

Last year we started to built at the
ATOMKI ECRIS a probe diagnostic set-up.
To perform more precise characteristic mea-
surements, the needed bipolar power supply [1]
and the driver mechanisms has been built and
put into operation. Evaluation of the charac-
teristics is a difficult task. As a starting point
we have considered a single Maxwellian elec-
tron distribution function which is suitable in
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Diagnostic Research of ECR Plasma using Langmuir Probe

many applications even in ECR plasmas.

The figure below shows the evolution of
the local plasma parameters (plasma poten-
tial, electron temperature and density) on the
axis of the plasma chamber. The measure-
ments were carried out in an oxygen plasma
optimized for 0 3+ extraction at Prf = 100IT
microwave power. In the future we plan to
continue the experiments in different plasmas
and also do efforts to make measurement in
the hotter regions of the plasma. We also
plan to find better theoretical electron distri-
bution functions (multiple Maxwellian and/or
non-Maxwellian) and to extend the theoretical
analysis to the case of different charged ions.

Distance between probe and Bmin plane of the chamber (mm)

Figure 1:

a) Babe§-Bolyai University Cluj-Napoca,
3400, Str. Kogélniceanu Nr.I, Romania

[1 L. Kenéz et ai, ATOMKI Annual Report
1999, 75



7.6 Hardware and Software Tools for the Radiation Hardness Test

of a QuickCam Camera
G. Székely, J. Molnér, D. Novaka)

Abstract

A 9-channel counter together with some
basic test software and a PC program for sav-
ing the pictures taken in regular time intervals
during irradiation of a QuickCam camera are
described. These tools were successfully used
in collaboration with colleagues from Royal
Institute of Technology Stockholm in an ex-
periment held in Uppsala University on 25th
November 2000. Some initial results of the
2-hour irradiation are discussed.

1. Introduction

QuickCam [1] is a 64-level grayscale CCD
camera. It has low weight, requires low power
and it is easy to operate through an LPT port
of a PC. Because of these nice features it was
selected to be the on-board camera of the nano
satellite Hugin [2. To check how much radi-
ation it can tolerate during its mission in the
space some hardware and software tools had
to be developed. A counter needed to measure
the irradiation dose along the time scale and
a measuring program required for collecting
pictures in equidistant time points.

2. 9-channel counter

Its main part is a BS2-IC Basic stamp
microcontroller [3 controlling three 18253
counter chips. Each chip can handle three
16-bit counters. The Basic stamp can commu-
nicate via its serial port using RS232. A code
developed in Basic programming language on
a PC can be downloaded to the microcon-
troller. »/After having a proper control program
in BS2-1C, another PC program can commu-
nicate with it via a COM port. Simple test
programs were developed both in Pascal and
C languages to demonstrate the usage of the
device. Fig 1 shows the upper part of the
screen displayed by the test program. Here
the logical structure of the device and the pro-
gram options can be seen.
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3. Code for collecting QuickCam pic-
tures in regular time intervals

QuickCam has a distribution CD when
purchased, but it contains only some Windows
executable programs. As the payload com-
puter of the satellite will not have Windows
operating system some lower level code was
needed to handle the camera through the LPT
port. This program was tested already under
DQOS, so it had to be extended with some spe-
cial timing and saving functions.

4. Initial results

Although the data (42 Mbytes) collected
during the radiation have not yet analyzed in
detail, the first views of the pictures taken in
different phases of the irradiation show rather
clear effects. Fig 2. contains two consecu-
tive pictures scanned by QuickCam (2 upper
boxes). The left middle box contains their dif-
ference, the right middle one shows the number
of cases where the pixel value varied with the
same amount (absolute value in [0,63]). The
radiation sessions along the time scale are dis-
played on the lower diagram. The straight ver-
tical line is drawn at the time position of the
measurement. The ”snowing” effect was in-
creasing when the camera was put closer to
the beam.

a) Royal Institute of Technology, Stockholm
[1] http://www.quickcam.com/htmI/

[2] V. Becanovic, U. Eklund, S. Grahn, Th.
Lindblad, R. Lundin, C.S. Lindsey, O.
Norberg, J. Waidemark, K. Waldemark:
HUGIN a small satellite trying to be in-
telligent. VI-DYNN’98 Ninth Interna-
tional Workshop on Virtual Intelligence
and Dynamic Neural Networks, KTH
Stockholm, Sweden, 22-26 June 1998

[3 http://parallaxinc.com/
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Figure 1: Screen capture of the test program (upper part)
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Figure 2: Comparing 2 consecutive pictures during irradiation
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7.7

Scanning Proton Microprobe Developments

G. W. GrirneaK I. Rajta, D. G. de Kerckhoveal M. B. H. Breesebh R. Wogeliusc\ M. Farghuarc

P. Hillc)

The High Resolution Scanning Proton Micro-
probe

There are strong reasons to reduce the spa-
tial resolution into the 10Onm regime, espe-
cially if sufficient beam current for PIXE anal-
ysis can be maintained. These include the de-
termination of elemental distributions within
single biological cells, the characterisation of
high density semiconductor devices and the
analysis of single fine fraction aerosol particles.

The optimum usable spatial resolution of
a nuclear microbeam system is determined by
many factors. Probably the most important
measure of performance for an analytical sys-
tem is the count rate from-the detector, since
this determines the time (and cost!) required
to obtain statistically significant data, and
hence the number of samples which can be
analysed in a given period.

The quality of the quadrupole field in the
high precision lenses was measured using the
‘grid shadow’ technique in which the relation-
ship between radial position and convergence
angle in a focused beam is visualised by pro-
jecting the image of a grid placed close to the
focus onto a screen placed further downstream.
First each lens was tested individually. Using
each lens in turn in their final position, a hori-
zontal and vertical line focus were formed on a
2000 mesh copper grid placed in the target po-
sition, and the projected image of the bars was
recorded on a fluorescent screen at a distance
of 250mm from the grid. Fitting a second order
curve to the position of the bars indicates that
for each lens, the peak value of the magnetic
sextupole contaminant field is less than 0.1%
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of the quadrupole field. The measurement was
repeated using the complete spaced triplet sys-
tem. In this case only spherical aberration was
observed at high divergences, but using the col-
limator slits at their normal setting, this was
also negligible.

Total Reflection PIXE

In Total Reflection PIXE (TR-PIXE) the
ion beam is incident onto a highly polished
surface at a grazing angle which is smaller
than the surface channeling angle. Under these
conditions the majority of the beam does not
penetrate the matrix but is guided along the
surface by the string potentials of the surface
atoms before being reflected. The relatively
long path length of the ions in the surface re-
gion results in a much increased probability of
interacting with atoms decorating the surface
and a corresponding reduction of the excita-
tion of the atoms in the matrix, and hence to
very low detection limits for surface atoms.

These developments have been performed
at the SPM Unit of the University of Oxford.

a) University of Oxford Department of Mate-
rials, Parks Road, Oxford, UK

b) University of Surrey School of Physics,
Guildford, Surrey, UK

c) University of Manchester Department of
Earth Sciences, Wailliamson Building,
Oxford Road, Manchester, UK



7.8 Activities at the Van de Graaff Accelerator Laboratory

L. Bartha and E. Somorjai

During 2000 the beam time of the VdG-1
machine amounted to 378 hours. The accelera-
tor delivered helium beam used for low energy-
atomic physics experiments.

The 5 MV Van de Graaff machine was op-
erating for 1742 hours during this period. Pro-
ton (71.0 %), Hf(1.7 %), D+(9.3 %) and He+
(18.0 %) particles were accelerated.

The beam time was distributed among dif-
ferent research subjects and education (labo-
ratory practices for undergraduate and PhD
students) as it is shown in Table 1
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Field Hours
Atomic physics 0
Nuclear astrophysics 347
Analytical studies 214
Analyses on the microprobe 1110
Education 46
Machine tests 25
Total 1742

%
0.0
19.9
12.3
63.7
2.7
14
100

Table 1: Time distribution among different research

activities at VdG-5



7.9

Z. Kormany

The operation of the cyclotron in 2000 was
again concentrated to the usual 9 months;
January, July and August were reserved
for maintenance and holidays. The over-
all working time of the accelerator was 4227
hours, the breakdown periods amounted to
22 hours last year. The cyclotron was avail-
able for users during 3793 hours, the effec-
tively used beam-on-target time is summa-
rized in Table L. (FERMI: Front-End Read-
out Microsystems, Radiation hardness mea-
surements, CERN RD-16). The time required
for machine setup and beam tuning or spent
waiting for the start of an irradiation totalled
to 480 hours.

The obsolete, relay-based and only manu-
ally operated control system of the cyclotron
and beam line power supplies (the total num-
ber of 35) has been completely renewed during
the year. The power supplies were equipped
with two-channel (control and measurement)
optically isolated digital interface modules, al-

Projects

Nuclear spectroscopy
Nuclear astrophysics
FERMI

Nuclear data
Isotope production
Total

Status Report on the Cyclotron

lowing their connection to the programmable
logic controller (PLC) system and their control
was changed from analogue to digital. This
transition required new adjustment elements
for the power supplies, which are easy and con-
venient to use and can be connected to any
D/A channel for value setting. Two new ad-
justment units with optical shaft encoders have
been designed and built for this task.

The digital control values of the power
supplies can be saved and loaded easily. A
database program was developed to store and
fetch all those values which are necessary to
repeat a successful setting of the cyclotron
and/or the beam lines. As a result, the tuning
time of the different beam regimes has been
decreased by about a factor of 10. The re-
producibility is also excellent, just a few very
small adjustments are needed to optimise the
setting after loading the stored values from the
database.

Beam time (hours) %

590 35
290 17
72 4
136 8
597 36
1685 100

Table 1: Distribution of the irradiation (beam-on-target) time
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geokémiai, radiometrikus kormeghatarozas) és vulkanologiai vizsgalata. Asvanytan-Geokémiai
Szakosztaly és az Altalanos Foldtani Szakosztaly el6adoiilése. ELTE, Bp., 2000. november 13.
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16.
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18.
19.
20.
21.
22.

23.
24,

25.

26.
27.

Hebdomadal Seminars in 2000

January 13: Micro-PIXE studies at the scanning proton microprobe of ATOMKI, I. Uzonyi
February 24: State of affairs, M. Palinkés, R. Lovas

March 2. Nuclei with exotic matter distribution, A. Krasznahorkay

March 16: Nuclei decaying with particle emission: resonances, A. Kruppa

March 23: New colleagues in ATOMKI

March 30: X-ray diffraction study of nanostructures, M. Kis-Varga

April 6: Experiments on photon-induced nucleosynthesis of heavy nuclei, P. Mohr (Darmstadt)
April 13: The electron spectrometer ESA-22 and first results at the Lund synchrotron, S. Ricz
April 20: Relativistic electron transport on carbon foil, K. Tékési (ATOMKI and Vienna)

April 27: Measurements in nuclear astrophysics: electron screening and p-process, E. Somorjai

. May 9: Analytical laboratory for environmental studies, Zs. Széanto

May 11: Electron-ion collision experiments at the Justus-Leibig University in Giessen, S. Ricz

May 25: Sampling of urban and cave aerosols and their analytical study with PIXE and micro-
PIXE methods, Zs. Kertész

June L Proton emission from Gamow state, T. Vertse

June 8: Strong interaction coupling and color charges of QCD measured at OPAL, B. Dienes
June 9: Studies of beta decay with new techniques, A. Algora

June 15: Continued fraction representation of quantum mechanical Green’s operators, B. Kdnya
June 22: Radioactive-beam implantation: a new method for half life measurement, Zs. Filop
June 29: Research and application with the ECR ion source, S. Biri

August 30: Goldstone-boson-exchange chiral quark model for baryons, W. Plessas (Graz)
September 28: Possibilities and limits of scientometric research evaluation, L.Zolnai

October 19: Radon transport phenomena in caves; identification of disordered magnetic state in
nanocrystalline iron, J. Hakl

November 2: The effect of surface excitation in electron spectroscopy, Gy. Gergely (MFA)

November 20: Microscopic nuclear level densities and astrophysical applications, P. Demetriou
(Athen)

November 23: Micro- and macrobeam Rutherford backscattering spectrometry in materials sci-
ence research, A. Simon

December 7: Tale on Higgs-mechanism, D. Horvath (RMKI, ATOMKI)
December 21: Search for Higgs-bosons at LEP D. Horvath (RMKI, ATOMKI)
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