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FOREWORD

The year 2001 was marked by the startup of the European center of excellence IDRANAP (Inter-Disciplinary
Research and Applications based on Nuclear and Atomic Physics). Its 18 work packages are structured into
5 topical areas: determining environmental pollution; nuclear methods in biology and medicine; radionuclide
metrology; analysis and characterization of materials; and nuclei far from stability, decay modes, cosmic rays,
and facilities. During the first 18 months, 39 young researchers and specialists from 15 European countries
visited the facility and 37 Romanian researchers traveled abroad. Three international meetings organized by
IDRANAP— Biological Effects of Ionizing Radiation, Electromagnetic Fields, and Chemical Toxic Agents —
Sinaia, October 2001; the 3¢ International Balkan Workshop on Applied Physics — Targoviste, June 2002;
and the International Conference on Applications of High Precision Atomic and Nuclear Methods — Neptun,
September 2002—attracted a large number of participants. The scientific work of the center materialized into
nearly 200 articles appearing in leading international journals and internal reports. Further details on the
IDRANAP activity can be found on the center’s web page, http://idranap.nipne.ro.

Cooperation with CERN was a primary concern of the Institute and major strides were reported in every
experiment in which our researchers were involved, including ATLAS, ALICE, LHC-B, DIRAC, and NA50. A
landmark accord of cooperation between the Romanian Government and CERN was signed in Geneva in March
2002 and ratified by a Government Decision in November 2002, paving the way to a regulated participation of
Romanian researchers in the CERN activity. The first steps were thus made towards Romania’s pre-accession
to this outstanding scientific institution. The Institute’s potential of making a significant contribution to the
CERN scientific program was underscored as a CERN group, including LHC program director Professor Roger
Cashmore, toured the Magurele Campus in June 2002.

Romania’s early steps towards integration into the global GRID communication project were marked by an
international seminar that brought together distinguished personalities in April 2002. The project is poised to
become increasingly necessary, given the huge amount of complex data that will have to be processed once the
LHC is put into operation at CERN. This has made our Institute all the more interested in the implementation
of the GRID technology in Romania and all the more actively involved in every stage of the process, as the
following short chronology will prove: (i) A ROGRID National Consortium was established in May 2002,
with IFIN-HH and six other institutions as its founding members. (ii) IFIN-HH took the initiative of setting
up MAGGI (Magurele Grid Initiative) Consortium, consisting of twelve institutions located on the Magurele
Campus. (iii) A fiber optic connection allowing data transfers of up to 2.5GB/s was installed in November 2002
between IFIN-HH and the academic communication network RoEduNet. (iv) Romania’s first GRID application
was conducted as part of the Institute’s cooperation to ALICE. (v) IFIN-HH took part in the elaboration by
ROGRID of an implementation strategy for the GRID project in Romania.

TRASM Multipurpose Irradiation Facility, the upshot of a technical co-operation project between ITAEA and
the Romanian Government, went into operation in early 2001. Chiefly designed for industrial irradiation services
such as sterilizing medical devices and treating food against microbes, its tasks expanded and diversified as its
microbiological laboratory opened in June 2002. Two months later, IRASM was ISO accredited and earned
several other major international certifications.

A watershed Government Decision of April 2002 provided for the permanent shutdown for decommissioning
of the Institute’s VVR-S research reactor. Over four decades since its startup in 1957, the reactor supplied
neutron fluxes that were used in scientific research and the production of radioisotopes applied in medicine and
industry. The decommissioning task will chiefly rest upon the IFIN-HH specialists that will however also draw
on the experience and support of other organizations, including the IAEA, Argonne National Laboratory of the
U.S., and several local units.

The switch to a project-based financing of research also occurred during this period and IFIN-HH learned
from experience both the benefits and the difficulties the new financing scheme involved. We would like to
thank everyone that took an active part in working out and winning projects in the National Program contests,
which helped to keep alive the Institute’s high-level research in rather arduous conditions.

This report summarizes the main scientific results our scientists delivered in 2001 and 2002. The published
paper list, though incomplete, proves that our research work matches the highest international standards.
The part that our researchers took in international scientific events as well as in organizing the annual Na-
tional Physics Conferences (Targu Mureg, 2001, 2002) and the 15 National Conference on Theoretical Physics
(Bucharest, September 2002) provide a glimpse of the vibrant activity that took place at Romania’s most
representative research organization.

Dr. Emilian Dragulescu Dr. Florin D. Buzatu

Director General Scientific Director
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Theoretical Physics

Nuclear, Atomic and Molecular Physics

Jump phenomenon induced by potential strength variation and the
influence of exotic resonant states.

N. Gramal!, C. Grama?, I. Zamfirescu?!
L TFIN-HH

We consider the non-relativistic scattering of a
spinless particle by a central potential gV'(r), g € C.
In a scattering problem the potential gV (r) represents
a mean potential. For example, in atomic physics
it represents the mean intermolecular potential aver-
aged over internal states. Consequently the potential
strength g could undergo small changes and we may
ask which is the effect of these changes.

An adequate quantum mechanical description of
the bound and resonant states is through the S-matrix
poles. The pole function k = k() (g) is a multi-valued
function. In [1] an approach to bound and resonant
states, based on the construction of the Riemann sur-
face over the g-plane Rg), on which the pole function
is single-valued and analytic, has been presented. If
the potential strength g takes a value on a given sheet
2O of Rgl), then the function k = k®(g) takes only

one value on the k-plane image E'Tfl) of the sheet, i.e.
there is only a single pole on each sheet image. In this
way the sheet 2,(,’) of the Riemann surface Ry) and
its k-plane image E'TEI) have been associated to a given
state with quantum numbers (I,n).

Let us suppose that the potential strength has a
small variation around a branch point of the function
k = k®W(g). This small potential strength variation
can either determine a small change of the pole func-
tion k = k) (g), or it may induce a large variation
of the function k = k¥ (g) by the transition from one
branch of the function to another branch. As jump
phenomena, ubiquitous in science, are characterized
by large dynamic responses of the system to small am-
plitude disturbances, it is justified to call ”jump” the
transition of the system from the state (I,n) to the
state (I,m) as a result of a small potential strength
variation. The rules governing the jump phenomenon
are important in the study of the pole trajectories,
avoiding the accidental jumps from one pole to other
pole when one calculates the pole trajectories. In this
way we are sure that the same pole is followed.

The aim of this paper is to establish the conditions

for the system to undergo a jump from one state (I,n)
to other state (I,m) as a consequence of a small poten-
tial strength variation. Let the parameter g follow a
prescribed contour starting from a value g € 22”. The
choice of the contour can induce quite distinct effects
: a) if g describes a closed curve on Eg) not enclosing
a branch point where E%l) is joined to other sheet then
its image k = k() (g) takes values on a continuous path
on the Riemann sheet image 245’), i.e. the potential
strength variation does not change the state (I,n); b)
on the contrary, if g describes a closed contour which
starts from a point on the sheet Eg) and encloses the
branch point joining the sheets Eg) and 2%’ and no
other branch points, then the variable g is transferred
from the sheet Eg) to the sheet Eﬁ). As a consequence
the pole k = k(®)(g) is transferred from the sheet im-
age Z'Tfl) to the sheet image Ei,(ll). In other words the
potential strength variation induces a jump from the
state (I,n) to the state (I,m).

In [1] it was shown that in the case of a poten-
tial well followed by a barrier there were exotic poles
situated on certain Riemann sheet images, having ex-
traordinary properties. An exotic resonant state pole
does not become a bound or virtual state pole as the
depth of the potential well increases to infinity, but it
remains a resonant state pole situated in the neighbor-
hood of an attractor in the k-plane. The wave func-
tion of the exotic resonant state corresponding to an
exotic resonant pole situated near the attractor is al-
most completely localized inside the potential barrier.
The influence of the exotic resonant state poles on the
rules governing the jumps is discussed.

References

[1] C. Grama, N. Grama and I. Zamfirescu, Phys. Rev.
A 61 (2000) 032716.

[2] C. Grama, N. Grama and I. Zamfirescu, Ann.
Phys. (NY) 232 (1994) 243.
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Critical view on double-beta decay matrix elements within quasi
random phase approximation-based methods

S. Stoica!, H.V. Klapdor Kleingrothaus?

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania
2 Max-Planck-Institut fiir Kernphysik, W-6900 Heidelberg, Germany

Abstract

A systematic study of the two-neutrino and neu-
trinoless double-beta decay matrix elements (ME)
for the nuclei with A=76, 82, 96, 100, 116, 128,
130 and 136 is done.the calculations are performed
with four different quasi random phase approxima-
tion (QRPA) based methods. i.e. the proton-neutron
QRPA (pnQRPA), the renormalized proton-neutron
QRPA (pnQRPA), the full-RQRPA and the second-
QRPA (SQRPA).First we checked the conservation of
the Tkeda sum rule (ISR) and found that it is fulfilled
with a good accuracy for the SQRPA, while for the
pnRQRPA and full-RQRPA the deviations are up to
17 %.Then we studied the dependence of the ME on
thesingle-partical (s.p.) basis.For that we performed
the calculations using the same set of parameters and
two different s.p. basis.For the two-neutrino decay
mode the ME manifest generally the largest sesitiv-
ity to the choice of the basiswhen they are calculated
with the pnQRPA, while the smallest sensitivity is got
with the SQRPA.For all the methods the largest dif-
ferences between the results were found for 128:130T¢
and 136 Xe. For the neutrinoless decay mode the ME
display generally a stronger dependence on the basis

than for two-neutrino decay mode, when they are cal-
culated with the pnQRPA, RQRPA and full-RQRPA,
while for SQRPA differences in the results are within
30%. A better stability against the change of the s.p.
basis used and a good fulfillment of the ISR allow to
reduce the uncertainties in the values of the neutri-
noless ME predicted by theQRPA-based methods to
about 50% from their magnitude.Further, we fixed the
values of gy, from the two-neutrino calculations and
according to recent experimental data, and then we
used them to compute the ME for the neutrinoless de-
cay mode.Taking the most recent experimental limits
for the neutrinoless half-lives, we deduce new upper
limits for the neutrino mass parameter. Finally, there
are estimated, for each nucleus, scales for the neutrino-
less double-beta decay half-lives that the experiments
should reach for exploring neutrino masses around o.1
eV. This might guide the experimentalists in planning
their setups. 2001 Elsevier Science B.V. All rights re-
searved.

Nuclear Physics A 694, 269-294, 2001
PACS:21.60.Jz; 23.40.Hc;23.40.Bw

Test of the proton-neutron random-phase approximation method
within an extended Lipkin-type model

S. Stoica!, I. Mihut !, J. Suhonen?

! nstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6, Bucharest,
Romania
2 Departament of Physics, University of Jyviskyi, P.O. Box 35, FIN-40351 Jyviskya, Finland

Abstract

An extended Lipkin-Meshkov-Glick model for test-
ing the proton-neutron random-phase approximation
(pnRPA) method is developed, taking into account ex-
plicitly proton and neutron degrees of freedom.Besides
the proton and neutron single-particle terms two types
of residual proton-proton interactions, one simulating
a particle-particle and other a particle hole interaction,
are including in the model Hamiltonian so that the

model is exactly solvable in an isospin SU(2)QSU(2)
basis.The behavior of the first excited (collective)state
obtained by (i) exact diagonalization of the Hamilto-
nian matrix and(ii) with the pnRPA is studied as a
function of the model parameters and the two results
are compared with each other. Furthermore, charge-
changing operators simulating nuclear beta decay and
their action on eigenfunctions of the model Hamilto-
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nian are defined and transition amplitudes of them are
calculated using exact, the Tamm-Dancoff, and pn-
RPA eigenfunctions.

11

PHYSICAL REVIEW C 64, 017303, 2001
DOI:10.1103/ PhysRevC.64.017303
PACS number(s): 21.60.Fw, 21.30.Fe, 21.60.Jz

Neutrinoless double-3-decay matrix elements within the second
quasirandom phase approximation method

S. Stoica®, H.V. Klapdor Kleingrothaus?

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania
2 Max-Planck-Institut fiir Kernphysik, W-6900 Heidelberg, Germany

Abstract

A computation of the neutrinoless double-3-decay
matrix elements is performed with the second quasir-
andom phase approximation (QRPA) method
[A.A.Raduta, A.Faessler, S.Stoica and W.A.Kaminski,
Phys.Lett.B 254, 7 (1991); A.A.Raduta, A.Faessler
and S.Stoica, Nucl. Phys. A 534, 149 (1991); S.Stoica
and W.A.Kaminski, Phys. Rev. C 47, 867 (1993);
S.Stoica, ibid. 49, 787 (1994); Phys. Lett. B 350,
152 (1995); S.Stoica and I.Mihut, Nucl. Phys. A
602, 197 (1996)] for the nuclei with A=76, 82, 96,
100, 116, 128, 130 and 136. It was found that the
Ikeda sum rule is fulfilled with a good accuracy and
the results display a weak dependence on the single

particle basis used. Comparing our calculations with
similar ones performed with other quasirandom phase
approximation-based methods we estimate more pre-
cisely the accuracy of these methods in the predic-
tions in the neutrinoless matrix elements and neutrino
mass parameter, which is settled to about 50% from
their calculated values. Taking the most recent exper-
imental limits for the neutrinoless half-lives, we also
deduced new upper limits for the neutrino mass pa-
rameter.

Physical Review C 63, 064304, 2001
PACS:21.60.Jz; 23.40.Hc;23.40.Bw

Nuclear effects on bremsstrahlung neutrino rates of astrophysical
interest

S. Stoica!, J.E. Horvath 2

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania
2TAG/USP, Avenue M. Stéfano 4200, Agua Funda, 04301-904 Sio Paulo, SP, Brazil

We calculate in this work the rates for the neutrino
pair production by nucleon-nucleon bremsstrahlung
taking into account the full contribution from a nu-
clear one-pion-exchange-potential.It is shown that if
the temperatures are low enough (T=< 20 MeV),
the integration over the nuclear part can be done for
the general case, ranging for the completely degener-
ate (D) to the nondegenerate (ND) regime. We find
that the inclusion of the full nuclear contribution en-
hances the neutrino pair production by nn and pp

bremsstrahlung by a factor of about 2 in both the
D and ND limits when compared with previous cal-
culations.This result may be relevant for the physical
conditions of interest in the semitransparent regions
near the neutrinosphere in type II supernovae, cooling
of neutron stars, and other astrophysical situations.

Physical Review C 65, 028801, 2002
DOI:10.1103/PhysRevC.65.028801
PHACS number(s):26.65.+t, 95.30.-k



12

Theoretical Physics

Microscopic structure of four body resonances

D.S. Delion?!, J. Suhonen 2

! National Institute of Physics and Nuclear Engineering, Bucharest-M#gurele, POB MG-6, Romania,
2 Department of Physics, University of Jyviskyld, POB 35, FIN-40351, Jyviskylé, Finland

A microscopic approach of four body states, seen as
decaying states or scattering resonances, is given. The
equations of motion describing cluster-like states are
derived within the multi-step shell-model approach.
The lowest collective two-particle eigenmodes are used
as building blocks for the a-like states. A good
agreement with the low-lying states in 2!?Po is ob-
tained. The spectroscopic factor of the a-decay be-
tween ground states is reproduced. It is shown that

only by including the continuum part of the single
particle spectrum the decay width for a and cluster-
decay processes is reproduced. The a-like structure
of the lowest states in 2!2Po is analyzed and strong
high-lying resonances are predicted. A good agree-
ment with experimental quasimolecular states in “°Ca
is obtained.

Published in Romanian Journal of Physics 47
(2002) 177-188

Towards a microscopic description of an a-condensate in nuclei

G.G Dussel!, D.S. Delion2, R.J. Liotta®

! Institute of Physics and Nuclear Engineering, Bucharest Migurele, POB MG-6, Romania,
2 Departamento de Fisica ”Juan Jose Giambiaggi”, Facultad de Ciencias Exactas y Naturales, Universidad de
Buenos Aires, Pabellén 1, Ciudad Universitaria, (1428) Buenos Aires, Argentina
3KTH, Stockholm Center for Physics, Astronomy and Biotechnics SE-10691, Stockholm, Sweden

A theory to describe a-condensates in nuclei is pre-
sented. The corresponding quasiparticles consist of
fermions as well as bosons. The fermions are a com-
bination of one-particle and three-hole states, while
the bosons are combinations of pair-particles and pair-

holes. A relation between the fermionic and bosonic
gap parameters is predicted and confirmed by experi-
mental data.

Published in Romanian Journal of Physics 47
(2002) 97-106

Anisotropic a-decay

D.S. Delion?!, A. Insolia2, R.J. Liotta?

! National Institute of Physics and Nuclear Engineering, Bucharest-M#gurele, POB MG-6, Romania
2 Department of Physics and Astronomy, University of Catania and INFN, 1-95129 Catania Italy
3 Center of Physics, Astronomy and Biotechnics, S-10405, Stockholm, Sweden

A microscopic approach to the aqnisotropic a-
decay problem in deformed nuclei is presented. Nu-
clear wave functions are calculated within the BCS
approach, while WKB semicvlassical approximation
is used for the penetration through the deformed
Coulomb barrier. Results are compared with recent

experimental data obtained at CERN by the ISOLDE
and NICOLE Collaborations. The redictions of the
model for well deformed nuclei are in very good agree-
ment with the experimental findings.

Published in Yadernaia Physika 65 (2002) 685;
Phys. Atomic Nuclei 65 (2002) 653



Theoretical Physics

13

Influence of the continuum on cluster decay processes

D.S. Delion!, J. Suhonen 2

! National Institute of Physics and Nuclear Engineering, Bucharest-M#gurele, POB MG-6, Romania
2 Department of Physics, University of Jyviskyld, POB 35, FIN-40351, Jyviskyli, Finland

A microscopic approach of cluster decay including
single-particle states in continuum is given. The equa-
tions of motion describing cluster-like states are de-
rived within the multi-step shell-model approach. The
lowest collective two-particle eigenmodes are used as
building blocks for the a-like states. A good agreement
with the low-lying states in 2!?Po is obtained. The
spectroscopic factor of the a-decay between ground

states is reproduced. It is shown that only by includ-
ing the continuum part of the single particle spectrum
the decay width for a and cluster-decay processes is
reproduced. The a-like structure of the lowest states
in 212Po is analyzed and strong high-lying resonances
are predicted.

Published in Yadernaia Physika 65 (2002) 653;
Phys. Atomic Nuclei 65 (2002) 621

Self-consistent description of the ternary cold fission: tri-rotor mode

D.S. Delion!, A. Sindulescu!, W. Greiner 2

! National Institute of Physics and Nuclear Engineering, Bucharest Magurele, POB MG-6, Romania
2 Institut fiir Theoretische Physik der Universitiit, Frankfurt/Main, Robert Mayer strafe 8-10, Germany

We give a quantum description of the ternary cold
fission process within a stationary scattering formal-
ism. The dynamics of the light particle and heavy
fragments is described by a self-consistent system of
equations for radial wave functions. We consider the
spontaneous cold ternary fission of 2°2Cf accompanied
by “He and '°Be. The light cluster decays from some
resonant eigenstate in the Coulomb plus nuclear poten-
tial. It turns out that for the angular momentum pro-
jection K'=0 the light cluster emission is concentrated
in the polar direction. By increasing K the maximum

of the angular distribution moves towards the equator,
as measured in experiment. For *He we predict short
living decaying states. Due to a large repulsive core,
proportional to K2, such states are hindered in the
case of 19Be. The motion of the two heavy fragments
with —K compensates the rotation of the light frag-
ment. We call this collective motion tri-rotor mode
and it should be detected in the fragment yields by
magnetic transitions.

Published in Journal of Physics G 28 (2002) 2921-
2938

Towards a self-consistent microscopic a-decay theory

D.S. Delion!, A. Sandulescu 2

! National Institute of Physics and Nuclear Engineering, POB MG-6, R-76900 Bucharest-Miugurele, Romania
2 Institut fiir Theoretische Physik der J W Goethe Universitéit, Robert-Mayer StraBe 8-10, D-60054
Frankfurt /Main, Germany

We show that for osmium, platinium and mercury
isotopes the a-particle preformation factors given by
the standard shell model are not consistent with the
barrier penetrabilities. The internal cluster formation
amplitude and the outgoing Coulomb wave function
should have the same logarithmic derivatives for the

experimental ()-value. The usual shell model wave
functions are not able to satisfy this condition along
any isotopic chain. In order to correct this deficiency
we use an effective procedure. We diagonalize the
mean field using a single particle basis with two har-
monic oscillator parameters, proposed in a previous
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paper. In order to obtain correct tails of the wave func-
tions the second harmonic oscillator parameter should
increase with the mass number. This is consistent with
the suppression of the a-clustering by increasing the
proton-neutron asymmetry. A parabolic fit of this pa-

Theoretical Physics

rameter versus the mass number is able to ensure a
consistency with experimental ()-values within a mean
deviation of 300 keV.

Published in Journal of Physics G 28 (2002) 617-
625

Double fine structure in the binary cold fission

D.S. Delion!, A. Sindulescu?!, S. Migicu2, F. Carstoiu’, W. Greiner?

! National Institute of Physics and Nuclear Engineering, Bucharest-M#gurele, POB MG-6, Romania,
2 Institut fiir Theoretische Physik, J.W.v.-Goethe Universitit, Robert-Mayer-Str. 8-10, 60325 Frankfurt am
Main, Germany

We give a description of the binary cold fission
process of 2°2Cf within the stationary scattering for-
malism. The decay of the dinuclear system (quasi-
molecule) consists in the tunneling of a metastable
state from an internal region, where the nucleus-
nucleus potential has a quasi-molecular pocket, to the
asymptotic region which is governed solely by the
Coulomb repulsion. As a transversal internal motion
we suppose angular oscillations of the fragments up
to the scission point. In the external region these
vibrations transform into rotations. The nuclear in-
teraction is given by a double folding procedure us-

ing M3Y forces plus a repulsive contact potential.
For the experimental @)-value we find several resonant
states of the binary system, depending on the repul-
sive strength. We predict a strong dependence of decay
widths upon the internal structure of the considered
resonant state. Therefore the measured yields of the
two fragments with given angular momenta in coinci-
dence are able to provide more insight on the internal
molecular dynamics of the decaying dinuclear system.

Published in Journal of Physics G 28 (2002) 289-
306

Equal-time formulation for off-shell transport theory

R.A. Tonescu!, H.H. Wolter?2

! Department of Nuclear Physics, IFIN-HH
2 Sektion Physik, Universitaet Muenchen

The conventional approach to the description of
heavy ion collisions is based on the Boltzmann equa-
tion with a self-consistent mean field and a collision
term of the Uehling-Uhlenbeck form. The main im-
provements were the formulation in terms of a rel-
ativistic hadronic field theory some non-equilibrium
effects in a Local (phase space) Configuration Ap-
proximation [1]. Only recently there has been an
increasing interest in the inclusion of further quan-
tum effects in the description of heavy ion collisions, in
particular in the inclusion of the off-shell propagation
of the baryons. In these formulations the Kadanoff-
Baym equations are solved with test particles in 8-
dimensional phase space. This leads to certain prob-
lems with the initial conditions and the persistence of
the off-shellness.

We have developed an alternative method by a

systematic energy moment expansion of the spectral
functions of finite width by formulating an equal-time
theory for the one-particle Green functions. These
energy moments measure the spreading of the Green
function in energy, e.g. the second order energy mo-
ment is a measure of the width of the spectral function.
From the Kadanoff-Baym equations we obtain two hi-
erarchies of equations for each of the two indepen-
dent components of the one-particle Green function,
spectral and kinetic. We discuss the compatibility of
the two hierarchies of equations and the possibility of
their systematic truncation. The hierarchies for the
spectral Green function truncate by themselves. The
lowest order truncation of the hierarchies for the ki-
netic Green function is a Bolzmann-like equation. We
have tested this scheme using a nonrelativistic self-
interacting fermionic field. Our formulation in prin-
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ciple keeps all the terms in the gradients for space
coordinates. We investigated the effects of higher or-
der terms in a gradient expansion. These terms rep-
resent quantum effects and we investigated them nu-
merically in a simple model of one-dimensional slab-
on-slab collisions. The contour plots of the results of
various approximations are shown in Fig.1. We find
that the gradient corrections to the drift term result
in a much smoother behaviour of the phase-space dis-
tribution function.

plfm™"] plfm="]
—4 0 +4 —4 0 +4
[ I [ [
- +4
0 z[fm]
44
-+
0 z[fm]
J-4
< +4
0 z[fm]
J-4

Figure 1: Contour plots of the phase space distribution
of slab-on-slab collisions at 80 MeV per nucleon. Panel
(a) initial distribution. Other panels distributions (at
10 fm/c) in the following approximations: (b) free mo-
tion; (c) Vlasov approximation; (d) Vlasov plus next
order gradient terms; (e) Vlasov plus collision term
(i.e. BUU approximation); (f) Vlasov plus next order
gradient plus collision terms.

The time evolution of the width of the spectral

15

function is presented in Fig.2. We found that it in-
creases from the initially nonequilibrated momentum
configuration, being largest for the maximum overlap
of the two slabs. The width goes to zero outside of
the range of the system. We derived, in the gradi-
ent approximation, the modification in the Boltzmann
equation in the next order truncation of the hierar-
chies with improved approximations for the collision
integral, including memory effects. These are found to
be controlled by a parameter related to the width of
the spectral function. The equations could be applied
to a realistic description of heavy ion collisions using
nonrelativistic or relativistic formulations.

References

[1] T. Gaitanos, C. Fuchs, H.-H. Wolter, Nucl. Phys.
A650(1999) 97

50 T T T

— 0fm/c
——-5fm/c
----10fm/c

40 + 4 N

spectral width [MeV]

Figure 2: Width (i.e. second order energy moment) of
the spectral function at different times as a function
of the coordinate of the one-dimensional model.
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Evaluation of bonding energies by quantum mechanical methods

Cristian Postolache?!, Lidia Matei?!

! National Institute of Research and Development for Physics and Nuclear Engineering ” Horia Hulubei”,
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In this paper we proposed a quantum mechanical
evaluation model for bonding energies in organic com-
pounds. Values of bonding energies were determined
as homolytic dissociation energies.

The molecular structures were built and geometry
optimized in first stage using MM2, MM+, AMBER
molecular mechanic. Energetically minimizations were
refined using semiempirical methods. In concordance
with choose molecular structure we used, methods like
CNDO, INDO, PM3, AM1.

Binding energies were evaluated by simulation of
homolytic dissociation processes. Using cuanto-me-
chanical methods we characterized molecular struc-
tures and fragments resulted from dissociation of chem-
ical bond. Were determinated and analyzed total
binding energies (TBE) of unoptimized fragments,
those geometrical minimized post-fragmentation, tran-
sitional state and initial molecular structures. En-

thalpy of reaction (AH) were determined from differ-
ence between fragments TBE and TBE of system. The
values of activation energy (Ea) is indicated by the
difference between transitional state TBE and TBE of
system. AH and Ea are correlated with binding en-
ergy.

Method accuracy and application fields of differ-
ent evaluation modalities (optimized, non-optimized,
transition states) were achieved by intercomparison of
obtained values with those experimental found in lit-
erature.

More than 74 organic and inorganic compounds
(alkans, alkenes, alkynes, aromatic structures, halo-
genated compounds, alcohols, peroxides, aldehydes
and ketones, carboxylic acids, ammines, nitro deriva-
tives, nitrates, nitrites, thyols, thyoethers, water, hy-
drogen peroxide, ammonium, hydrazine etc.) were an-
alyzed.

Mathematical Physics, Field Theory and Elementary
Particles

Uniform asymptotic approximation of 3-D Coulomb scattering wave
function

N. Grama', C. Grama', I. Zamfirescu!
LTFIN-HH

The regular solution ¥.(r) of the Schrédinger equa-
tion which describes the scattering by a pure Coulomb
potential acting between two charged particles has
been obtained by Gordon [1].

T,(r) = e ™/20(1+in)es < O Fy (<in; 1;—iké) (1)

where 1 F7 is the confluent hypergeometric function.
¥.(r) depends on two parabolic variables, £ = r — 2
and { = r + z, where z is the axis along the inci-
dent beam, and on the Sommerfeld parameter n =

Z1Z2e*m/h%k. The solution ( 1) is an important re-
sult in quantum mechanics, but it is not sufficiently
simple for practical applications (e.g. Coulomb exci-
tation) and it is not suitable for the obtainment of a
3-D WKB approximation or an uniform asymptotic
approximation for large 5 of ¥.(r). It is well known
that even for problems which have been solved exactly
it often happens that only the asymptotic approxima-
tion of the solution is sufficiently simple to be useful
in practical applications and stresses the functional de-
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pendence of the solution on the parameters. As far as
we know there is no uniform asymptotic approxima-
tion reported for the solutions of a 3-D Schrédinger
equation.

In the present work a closed form expression of
¥, in terms of the regular Coulomb wave function
Fy(n, $k€) and its derivative is obtained:

. (r) = 70 e3¢ [Fy(n, k) — iFo(n, }kO]  (2)
where o9 = argT'(1 + in) is the Coulomb phase shift
for the orbital angular momentum [ = 0.

The WKB approximation of the 3-D Coulomb scat-
tering wave function W.(r) fails at the caustic (the

paraboloid defined by the equation £ = 4—];2 which sep-
arates the classically forbidden region (0 <éE< 4—];1)

from the classically allowed region (§ > 4—,;2) ). An uni-

form asymptotic approximation, valid near and away
from the caustic is necessary. The uniform asymp-
totic approximation reduces to the WKB approxima-
tion away from the caustic and remains finite at the
caustic. By using the exact closed form ( 2) of the
wave function ¥, derived above we obtain an uniform
asymptotic approximation for large n

T, ~ —irl/2(2n)/0ei(e0+50) {q(1ke)—

_i(2n) 125 (2ke)}, ®)
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where ¢, and § are given by

[¢' (@) 1/? A[=2n)**é(@)]  (4)
[¢' @)/ A'[-(20)*¢(2)]  (5)

q(p)
a(p)

with the notation

2

g[—¢(m)]3/2 - { —i f(z) , for x>0,

—x(z)+ %, for —-1<z<0,

where
@) = [2(1+2)]Y2 —log[(1 +2)"/% + 2/,
x(@) = [-z(1+2)]/ - cos™t 2z + 1)+

2 y

and £ = (p — 2n)/2n. One can see that in both the
classically allowed region and forbidden region the uni-
form asymptotic approximation for large 1 of ¥.(r)
is expressed in terms of the Airy function Ai and its
derivative. The wave function ¥, changes from an
oscillatory behaviour on one side of the caustic (clas-
sically allowed region) to an exponential behaviour on
the other side of the caustic (classically forbidden re-
gion).
[1] Gordon W., Z. Physik 48 (1928) 180.

The causal approach in quantum field theory

D. R. Grigore'!
I NIPNE-HH, Department of Theoretical Physics

The mathematical formulation of perturbative re-
normalization theory starts from Bogoliubov axioms
imposed on the S-matrix (or equivalently on the chro-
nological products). The S-matrix is formal series of
operator valued distributions: these distributions are
denoted by T(x1,---,x,) and one supposes that they
act in the Fock space of some collection of free fields.
These operator-valued distributions are called chrono-
logical products. The expression T'(z) is called the
interaction Lagrangian. It is convenient to construct
more general objects namely the operator-valued dis-
tributions T' (Wi (1), ..., Wn(zy)) where W; are ar-
bitrary Wick monomials. These objects verify some
properties (following from Bogoliubov axioms) and ex-
pressing the following properties: the initial condition,
skew-symmetry in all arguments, Poincaré invariance,
causality and unitarity (see for instance [2]). The exis-
tence of solutions follows from the analysis of Epstein
and Glaser [1] as a recursive procedure using in an
essential way the causality axiom.

Sometimes it is possible to supplement these ax-
ioms by other invariance properties with respect to
space-time symmetries (inversions and/or scale invari-
ance), charge conjugation, global symmetry with re-
spect to some internal symmetry group, supersymme-
tric invariance, etc. if they are valid for the interaction
Lagrangian.

In [6] the invariance properties of the chronologi-
cal products with respect to scale invariance was an-
alyzed in detail. The scale invariance operators U
are transforming field operators corresponding to par-
ticles of masses m; in fields corresponding to scaled
masses A 'm;. One can prove that if all masses are
positive the chronological products can be normalized
such that they are scale invariant. On the contrary, if
all masses of the model are zero then the scale invari-
ance of the chronological products can be implemented
only up to some logarithmic terms in A.

For models describing higher spin particles unphys-
ical degrees of freedom are necessary and the factor-
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ization of the chronological products to the physical
Hilbert space follows from a new axiom: the gauge in-
variance condition. The gauge invariance condition on
the chronological products can be expressed in such a
way that infrared divergences are not considered [3]:

"\ 0
@, T(z1,...,2,)] :iszlN(:ﬂl’”"x”) 1)
=1

for some chronological products T'(X), T/'(X). Here
Q is the gauge charge; it is formally the linear part of
the well-known BRST operator. The obstructions to
such a factorization process are the well-known anoma-
lies.

For some simple models as it is quantum electrody-
namics one can provide rather elementary proofs that
gauge invariance can be implemented in every order of
perturbation theory [9], [4] i.e. there are no anoma-
lies. For more general gauge models as the Standard
Model of the elementary particles the analysis is more
complicated. One can prove that the condition ( 1) for
n = 1,2, 3 gives the usual expression for the Yang-Mills
interaction Lagrangian and for the axial anomaly [5].
For arbitrary orders one can re-express ( 1) in terms
of vacuum averages of chronological products and ob-
tains the so-called Ward (or C-g identities) [8]. This
combinatorial argument is very involved and uses some
ideas from differential geometry: jet-bundle extensions
techniques. It is conjectured the Ward identities are

Theoretical Physics

valid in all orders of perturbation theory if they are
valid for n < 5; this conjecture seems extremely diffi-
cult to prove in full generality.
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Renormalization scheme dependence of modified QCD perturbative
expansions

I. Caprini?, J. Chyla?, J. Fischer?
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In the standard perturbation theory the finite order
approximations of physical quantities are renormaliza-
tion scale () and scheme (RS) dependent. The quest
for in some sense “optimal” scale and scheme is vital
for meaningful applications. There are several recipes
for scale and scheme fixing [1, 2, 3], but so far there is
no generally accepted solution. We consider a physical
quantity R(Q) depending on one external kinematical
variable () and admitting the perturbative expansion
of the form

R(Q) = a(l +ria+mra® +...), (1)

where the couplant a = o, /7 = a(u, RS) and the co-
efficients r; = r;(Q, u, RS) depend on the scale and

scheme. The scheme can be labeled by the set of free
parameters cg, k > 2, defining the r.h.s. of the renor-
malization group equation for the couplant a

da(u, RS) — Bla) =

a2 2
aIn 1 ba“(1+ca+ca”+...), (2)

together with a parameter A specifying the boundary
condition on the solution.

By imposing at each order the formal (i.e. to the
order considered) scale and scheme independence of
the physical quantity R(Q), a set of scale and scheme
invariants quantities p; can be defined [1], [4]. By ex-
pressing the perturbative coefficients r; in terms of the
invariants, the scale dependence of the truncated QCD
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expansions can be investigated in a systematic way. In
[4] this study was done for the conventional perturba-
tive expansion ( 1). In the present work we perform a
similar analysis for the modified QCD expansion pro-
posed recently in [5]. Instead of the powers a”, the
QCD correaltors are expanded in terms of some func-
tions W, (a), which include the available knowledge of
the large order behaviour of standard perturbative ex-
pansions. For instance, for the hadronic 7 decay rate
R, the expansion functions are

W, = % (g)n (%)n %/Ce*i—ﬁp(u)w"(u)du, (3)

where o —12sin(mu) 4
(v) = mu(u — 1)(u —3)(u — 4) W
and
wiu) = YIEF U= V102 (5)

CVitu+1-u2’

We consider also a set of “weighted” functions W, (a),
which exploit the known leading singularities in the
Borel plane [5].

The preliminary results show that the scale depen-
dence of the new expansion is very different from that
of the conventional perturbation series. We show as
an example in Figure 1 the scale dependence of the
expansions of R, in terms of the‘weighted functions
W, (a) at the LO, NLO and NNLO. Similar analyses
of other non-power expansions introduced in Refs. [6]
and [7] are currently under study.
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Figure 1: Scale dependence of the modified expansion
of R, at the first three orders.

Omnes representations for K — mm amplitudes

I. Caprini', L. Micu!, C. Bourrely 2
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2 Centre de Physique Théorique, CNRS-Luminy, Marseille, France

The weak decay K — mw has been a continuous
challenge for the theoretical investigations. In chiral
perturbation theory (ChPT) beyond the leading or-
der [1], the appearance of many unknown countert-
erms and renormalization constants render the numer-
ical predictions difficult. Most lattice calculations [2]

simulate matrix elements of the type (7|O;|K), related
to the physical matrix elements (77|O;|K) by lowest
order ChPT. In this procedure the higher order final
state interactions are completely missing, while it is ex-
pected that these interactions play an important role
for the AI =1/2 rule and the CP-violating ratio €'/e.
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In a combined approach proposed recently, the results
obtained by lattice simulations at unphysical points
are extrapolated to the physical configuration by us-
ing calculations to NLO in ChPT [1].

An alternative way to connect the on-shell ampli-
tude to lattice or ChPT results at unphysical points
and to spectral functions measured experimentally is
based on dispersion relations. This formalism was used
some time ago for the CP conserving amplitudes in
order to explain the AI = 1/2 rule [3]) and more re-
cently to evaluate the effects of final state interactions
upon €'/e [4]- [5]. These dispersion relations were
written down by analogy with the familiar cases of the
electromagnetic form factors [4] or 7K scattering am-
plitudes [5]. However, while these functions depend
on a physical energy used as dispersive variable, in
the weak decay the external momenta are fixed by the
mass shell condition. Therefore, an analytic contin-
uation of these momenta is necessary in order to ob-
tain a dispersion relation. In the present work we per-
form the continuation using the Lehmann-Symanzik-
Zimmermann (LSZ) formalism and hadronic unitarity.
We follow the dispersive treatment of B — 7 decay
considered in [6]. However, the difference in scale be-
tween the two processes requires specific treatments.
More exactly, using Watson theorem we derive for the
K — 7w amplitude a generalized Omneés representa-
tion, with contributions from both the direct and the
crossed channels.

We treat decay amplitudes Aj of definite isopin

Ar = ((m(ky) w(k2))1 5 out [y (0)| K (p) ;i) , (1)

where #H,, is the AS = 1, AB = 0 weak hamiltonian
density. We shall consider the amplitude as function of
the momentum variables s = p? = (k1 + k2)? and t =
k? = (p — ko)?. The physical amplitude corresponds
to the on-shell values s = m%, t = m2. It can be
shown that Aj(s,t) can be decomposed as a sum of
two functions, each depending on a single variable

Ap(s,t) = As(s) + Ae(t) - (2)

We consider first the amplitude A(s,m2). Denoting
Ay = Ar(s +ie,m2), we write the unitarity relation
in the s-channel as

Ar(1—2iM7)— A =2i0(s — sin) oin(s), (3)

Theoretical Physics

where M(s) is the S-wave mm scattering amplitude of
isospin I, ¢, denotes the sum of the inelastic final
state and initial state interactions and s;, = 4m%.
Eq. ( 3) is an inhomogeneous Hilbert equation, which
has the solution

1 [ oin(s)ds
2 Q P wm
41[(87mﬂ—) - T / Q*(Sl S) ’ (4)

Sin

where P is a polynomial and

s — 8o
2mi

Q = exp

[ Ifl-2iM7]
4/2 (s = 50)(s' — s) &) )

Using the decomposition ( 2) we treat in a similar way
the amplitude Aj(s,t). The result is an Omneés repre-
sentation which incorporates the 7w and wK S-wave
phase shifts and inelastic contributions from the direct
and the crossed channel. The result is useful for mak-
ing the analytic continuation of the ChPT and lattice
calculations from unphysical momenta to the physical
point.
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Low energy contributions of hadronic vacuum polarization

I. Caprini®
I NIPNE-HH, Theoretical Physics Department

Thorough tests of the Standard Model have been
made possible recently by a number of very high preci-
sion measurements. In particular, the extremely accu-
rate value of the muon magnetic moment determined
by the “Muon g—2 Collaboration” [1] imposed severe
constraints on the hadronic physics at low energies.
A quantity which received much interest in connec-
tion with the low energy limit of QCD is the hadronic
vacuum polarization dressing the photon. Numeri-
cally, the contribution of the vacuum hadronic polar-
ization to the magnetic moment of the muon is about
ay ' ~ 700 x 10719, which is a small fraction of the
total a, ~ 11659202(8) x 10~1% [1]. However, tomatch
the experimental precision requires a determination of
ay’ to about 1%. Since the most important contri-
bution of the vacuum polarization (around 70% ) is
brought by pairs of two-pions, a determination of the
electromagnetic form factor of the pion to an accuracy
of about half a percent is required. A dispersive anal-
ysis was performed to this end [2], based on Watson
theorem and the description of w7 scattering by Roy
equations, combined with the technique of conformal
mapping [3] to parametrize the inelastic singularities.

A subtle problem which became relevant for a pre-
cision prediction of the muon anomaly is the proper
treatment of the radiative corrections in the experi-
mental data. The contribution to a, of the hadronic
vacuum polarization up to two loops is given by

1

a2 P = =2 [ do(1 - )@ - RG], (1)

0

where £ = —z®m?, /(1 — z) and the hadronic vacuum
polarization amplitude II,(s) satisfies the dispersion
relation

_ sa T , R(s")
Hh(s)—g/dsm. (2)

2
4m32

Here R(s) is defined in terms of the “undressed”
cross section oy (s) of the annihilation ete™ — v* —
hadrons as

3s

dra?’

R(s) = on(s) 3)

The measured cross section o},"” includes however the
vacuum polarization dressing the photon, so that

R (s) = R(s) /|1 + T(s)|* . (4)

In order to obtain R(s) one must remove from R®*?
the contribution of the vacuum polarization. Most ex-
perimental groups correct their data for the leptonic
vacuum polarization, which is exactly calculable in
QED, but do not remove the effect of the hadronic
vacuum polarization. We show below that using this
partially corrected data in the one loop hadronic con-
tribution to a, (the first term in ( 1)), is equivalent to
using theone+ two-loop contribution calculated with
corrected data.

By replacing in Eq.( 1) each II; in the product
I1,I1; by a dispersion relation of the form ( 2), one
obtains easily

3 /!
s = o [ [ S ROREIK 6,9,

(5)
where K(2°)(s, s') is given in Eq. (14) of [4].
Alternatively, we can insert in ( 1) the dispersion
relation

ty(5) - 13) = & [ ag =T

with the spectral function

o) R(s)
Im|II — 12 N5 .
This gives after a straightforward calculation
> 7 R(s)
SaltzVP = & / ds K 8
i 2 | RO e ©

2
4m2

which coincides with the one loop expression which
follows from ( 1), with a hadronic cross section in-
cluding the dressing of the photon by the hadronic
vacuum polarization. Therefore, using as input exper-
imental data not corrected for the hadronic vacuum
polarization and adding the contribution to a, of the
two hadronic loops, given in [4], represents a double
counting.
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Solitonic model for energy transport in quasi-1-D biological systems

D. Grecu!, Anca Visinescu®, A.S. Carstea!
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The classical equation of motion of a Davydov mo-
del in a coherent state approximation is analyzed using
the multiple scales method. In the first order, the dom-
inant amplitude has to be a solution of the well known
nonlinear Schrédinger equation (NLS). In the next or-
der the second amplitude satisfies an inhomogeneous
linearized NLS equation, the inhomogeneous term de-
pending only on the dominant amplitude. In order to
eliminate possible secular behaviour the dominant am-
plitude has to satisfy also the next equation in the NLS
hierarchy (a complex modified KdV equation). When
the second order derivative of the dispersion relation
vanishes (ZDP case) the scaling of the slow space vari-
able has to be changed, and the equation verified by
the dominant amplitude is found.

One of the basic mechanism for producing biologi-
cal energy is the hydrolysis of the AT P in ADP

ATP* 4+ H,O - ADP?* + HPO? + H*

The problem of energy transport in proteins is con-
fronted with a main difficulty: in a linear dynamic
analysis, the mean lifetime of such an excitation is
unacceptable short. The ”crisis” was avoided by non-
linear models. An attractive model was proposed by
Davydov [1] for storage and transport of energy in
proteins in the context of a-helix structure.

One considers a linear chain of aminoacids con-
nected between them by hydrogen bonds and only the
C = O group vibrations are taken into account. A
dipole-dipole interaction occurs. If B (B, is the cre-
ation (annihilation) operator of the intra-molecular ex-
citation in the n-th cell, the vibronic Hamiltonian can
be written as

1
H., = EOZB;’L_B” — izjmnB;’;B’ﬂw (1)

where J,,, term takes into account the interaction be-
tween vibrons.

A coherent state approximation was used by Davy-
dov. His ansatz for the state vector is

W) > = X, an(Beap (—f5,(8;(0)5;-
—m;(t)i;)) 0>,
(2)

|0 > being the vacuum state both for vibrons and
phonons. Using the average value of H as Hamilto-
nian in the classical equations of motion and through
a combined Laplace-Fourier transform one gets

2
iha, = Fa, — z Ip(@ntp + an-p) — %|an|2an. (3)

a typical self-trapping equation. The solution is writ-
ten as an asymptotic expansion in a small parameter
€.

ay, = eikin—wt) ZejAf (€, ta,t3,...) (4)

J

where the amplitudes A; depend on some slow vari-
ables &, to,13, ...

E=e(ln—u,t), tj=¢€t, j=23. (5
In order € the first amplitude A; has to satisfy the

well known nonlinear Schrédinger equation [2]

0A; 0%4; 2

- ——— +2c|A]?P4, ) =0 6

o+ n (5 + 2elauay )
where ¢ = 2—}2% This represents a complete inte-

grable equation, solvable by IST method (Inverse Scat-
tering Transform). One can eliminate the secularity by
imposing that the dependence of the dominant ampli-
tude A; on the slow temporal variable t3 to be deter-
mined by

04, (63A1
3

6141
- 2— =
ot +w a3 + 6¢| A4 | 65) 0. (7

This is the complex mKdV equation, the second in the
NLS hierarchy.
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Modulational instability in some nonlinear one-dimensional lattices
and soliton generation

D. Grecu!, Anca Viginescu!

LIFIN-HH, Department of Theoretical Physics; E-mail: dgrecu@theor1.theory.nipne.ro

The modulational instability (MI), also known as
the Benjamin-Feir instability [1] is a generic phe-
nomenon in continuum and discrete nonlinear phys-
ical systems. The phenomenon is generally believed
to be responsible for the formation of robust localized
coherent structures.

0A 0%A
. C\PA—
1—67_ + w2—8£2 APA =0
oP 9 .,
o T M6—§|A| =0 (1)

The systems of equations ( 1) have been obtained for
the first time by Zakharov [3] in plasma physics (cou-
pling between Langmuir oscillations and ion sound)
and by Benney [3] in a hydrodynamic context (cou-
pling between gravity and capillary modes of surface
waves) and are known as the Zakharov-Benney equa-
tions. In the 1-D case it was proved to be an integrable
system. One consider the basic solution

TRART P=h (2)

A=ae
and a slightly perturbed solution around it

A = a[l + €A(g, 7)]e AT
P =P, +€P(&,7) (3)

The linearized equations for A and P write

A PA

ZE +w28—€2—)\P—0 (4)
opP 5, 0 .

E+u|a| 3_§(A+A)_O (5)

Considering plane wave solutions

A = qei(9€=97) 4 ge=iet=2"7) (6)
B = 7eilt9m) | yrgilae0T)

we get
(Q — w2g)r = Xy

—(Q+w2q”)B* = My (7)
Oy = plal*q(a+ B%)
The compatibility condition is a third order algebraic

equation
B +pQ+q=0 (8)

where

p= —w§q4 <0 g¢q= —2w2,u)\|a|2q3

If the discriminant of this equation is positive we have
one real root and two complex ones and consequently
the system is unstable at small modulations of the am-
plitudes. Using the above expressions for p and ¢ the
condition D > 0 gives

)\ 2
3\/5% > ¢ 9)
w3

which is fulfilled for enough small values of g.

The main results of this paper are the following:

One shows that a Stokes wave solution of the ST-
DNEE is unstable at small modulation of the ampli-
tude if wy > 0, w(k) being the dispersion relation
and wy its second derivative. A multiple scales anal-
ysis of this model leads to the NLS equation for the
dominant amplitude and wy > 0 corresponds to the
focusing case when NLS equation admits solitonic so-
lutions. The instability is related to the generation of
sidebands around the principal wave and their reso-
nant interaction.

The problem of MI for the NLS equation is dis-
cussed also from a statistical point of view, when the
amplitude is considered as a random variable. A ki-
netic equation for the Fourier transform of the two-
point correlation function (with respect to the relative
coordinate) is deduced. The linear stability analysis
gives a stability equation similar to the dispersion re-
lation obtained in the treatment of linearized Vlasov
equation in plasma physics. The equation is solved
both for a Gaussian and a Lorentzian form of the ini-
tial condition Fy(k). Again the instability is present if
wg > 0.

The coupled system of the DNEE was discussed
when a long-wave-short wave resonance takes place.
The multiple scales method leads in this case to the
Zakharov-Benney equations, which in 1-D are com-
pletely integrable. The MI for ZB equations is dis-
cussed from the deterministic point of view.
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Coherent amplification of dual-frequency optical solitons in a doped
fiber
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It is found that the temporal behavior of sub-pico-
second optical soliton-like pulses propagating through
a fiber amplifier exhibits large deviations from the pre-
dictions based on standard soliton interaction theo-
ries. Both cases of adiabatic and pure coherent ampli-
fication of these dual-frequency solitons are studied.
We show that it is possible to generate either a dual-
frequency bound state or a soliton train. The structure

of the emerging optical state depends on the balance
between the retarded coherent response introduced by
an inverted two-level medium, nonresonant cubic non-
linearity, group-velocity dispersion, and Raman self-
scattering.
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Limits for interchannel frequency separation in a soliton
wavelength-division multiplexing system
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We identify the required interchannel frequency
separation of the input field for a soliton wavelength-
division multiplexing (WDM) system. It is found that
the critical frequency separation above which WDM
with solitons is feasible increases with the number of
transmission channels. Moreover, it is shown that a
combination of time- and wavelength-division multi-

plexing yields the largest transmission capacity. Fi-
nally, the structure of the soliton spectra which cor-
respond to the frequency separation smaller than the
critical frequency is discussed.

Published in:
Physical Review E, v. 63, 016609 (2001).
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Spinning solitons in cubic-quintic nonlinear media

L.-C. Crasovan', B.A. Malomed 2, D. Mihalache!
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We review recent theoretical results concerning the
existence, stability and unique features of families
of bright vortex solitons (doughnuts, or ”spinning”
solitons) in both conservative and dissipative cubic-

quintic nonlinear media.

Published in:
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Spinning optical spatiotemporal solitons in quadratic media

D. Mihalache!

! Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
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The unique features of the families of bright spin-
ning spatiotemporal solitons (doughnuts or vortex
light bullets) in dispersive quadratic media, includ-
ing their stability are presented. Both analytical re-
sults, obtained by means of a simple variational ap-
proximation, and numerical simulations are presented
and compared. It was found that though the varia-
tional approximation is not very accurate, it correctly

describes the qualitative features of the spinning spa-
tiotemporal solitons. The spinning light bullets are
subject to a strong azimuthal instability, which leads
to the break-up of the spinning soliton into a set of
fragments, each being a stable nonspinning spatiotem-
poral soliton.
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Stable vortex solitons in the two-dimensional Ginzburg-Landau
equation
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In the framework of the complex cubic-quintic
Ginzburg-Landau equation, we perform a systematic
analysis of two-dimensional axisymmetric doughnut-
shaped localized pulses with the inner phase field in the
form of a rotating spiral. We put forward a qualitative
argument which suggests that, on the contrary to the
known fundamental azimuthal instability of spinning
doughnut-shaped solitons in the cubic-quintic NLS e-
quation, their GL counterparts may be stable. This
is confirmed by massive direct simulations, and, in a
more rigorous way, by calculating the growth rate of

the dominant perturbation eigenmode. It is shown
that very robust spiral solitons with (at least) the val-
ues of the vorticity S = 0, 1, and 2 can be easily gen-
erated from a large variety of initial pulses having the
same values of intrinsic vorticity S. In a large domain
of the parameter space, it is found that all the stable
solitons coexist, each one being a strong attractor in-
side its own class of localized two-dimensional pulses
distinguished by their vorticity. In a smaller region of
the parameter space, stable solitons with S = 1 and
2 coexist, while the one with S = 0 is absent. Stable
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breathers, i.e., both nonspiraling and spiraling solitons
demonstrating persistent quasiperiodic internal vibra-
tions, are found too.
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Published in:

Physical Review E, v. 63, 016605.

Erupting, flat-top, and composite spiral solitons in the
two-dimensional Ginzburg-Landau equation
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We present three novel varieties of spiraling and
nonspiraling axisymmetric solitons in the complex cu-
bic-quintic Ginzburg-Landau equation. These are ir-
regularly “erupting” pulses, and two diferent types of
very broad stationary ones, found near a border be-
tween ordinary pulses and expanding fronts. The re-

gion of existence of each pulse is identified numerically.
We test their stability and compare their features with
those of their counterparts in the one-dimensional and
conservative two-dimensional models.

Published in:

Physics Letters A, v. 289, pp.59-65 (2001).

Stability of spinning ring solitons of the cubic-quintic nonlinear
Schrodinger equation
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We investigate stability of (2+1)-dimensional ring
solitons (localized vortices) of the nonlinear Schrédin-
ger equation with focusing cubic and defocusing quin-
tic nonlinearities. Computing eigenvalues of the lin-
earised equation, we show that rings with the spin
(topological charge) s = 1 and s = 2 are linearly
stable, provided that they are very broad. The sta-

bility regions occupy, respectively, 9% and 8% of the
corresponding existence regions. These results finally
resolve a controversial stability issue for this class of
models.

Published in:
Physics Letters A, v. 288, pp. 292-298.
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Tandem light bullets
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We put forward a novel strategy to achieve forma-
tion of fully three-dimensional light bullets. The new
scheme is based on tandem structures where nonlin-
earity and group-velocity dispersion required for the
self-trapping of light are spatially distributed, opening
the door for the possibility that they are not neces-

sarily contributed by the same crystal. We show that
multicolor light bullets do exist for a wide variety of
tandems with feasible domain lengths.

Published in:
Optics Communications, v.199 , pp.277-281 (2001).

Amphiphile-rich phase in a model ternary solution on the
honeycomb lattice
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A model three-component system is considered in
which the bonds of a honeycomb lattice are covered by
bifunctional molecules of types AA, BB, and AB. The
AB type molecule represents an amphiphile. An accu-
rate approximation to the boundary in temperature-
composition space of an ordered amphiphile-rich phase
is calculated by transforming an accurate closed-form

approximation of the critical frontier of an antiferro-
magnetic phase in an equivalent Ising model. This
Ising model has coupling constants and a magnetic
field that are temperature dependent.

Published in Journal of Chemical Physics 115
no.14 (2001) 6775-6779.

An exactly solvable model ternary solution with strong three-body
interactions
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We consider a three-component model of rodlike
molecules AA, BB, and AB, confined to the bonds
of the honeycomb or three-coordinated Bethe lat-
tice, and with three-body interactions between the
molecular ends near a common lattice site. The

model can be mapped onto the standard Ising model
through a star-triangle transformation followed by a
double-decoration transformation, and the exact co-
existence curves have been previously determined for
weak three-body interactions. We investigate the
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strong three-body coupling regime using the same pro-
cedure, but extended to the more general case when
the Ising model on the intermediate lattice may have
complex parameters. The exact coexistence curves
are drawn for different values of the two independent

Theoretical Physics

model parameters, the reduced three-body coupling
constant and the reduced temperature. The particu-
lar case of a binary solution is also illustrated.

Published in Physica A 299 (2001) 427-440.

Spinodal curve of a model ternary solution
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We consider a lattice model for ternary solutions
in which the lattice bonds are covered by molecules
of type AA, BB, and AB, and the only interactions
are between the molecular ends of a common lattice
site. Using its equivalence with the standard Ising
model for magnets, we derive the spinodal curve of
the three-component model on the honeycomb lattice

in the mean-field and Bethe-lattice approximations.
The spinodal and the coexistence curves of the ternary
solution are drawn at different values of the reduced
temperature, the only parameter of the model. The
particular case of a binary solution is also illustrated.

Published in Journal of Solution Chemistry 30,
no.11, (2001), 969-983.

Dirac operators on Taub-NUT space: relationship and discrete
transformations
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The theory of the usual or hidden symmetries of
the Lagrangian quantum field theory on curved space-
times, give rise to interesting mathematical problems
concerning the properties of the physical observables.
It is known that one of the largest algebras of con-
served operators is produced by the Euclidean Taub-
NUT geometry since beside usual isometries this has
a hidden symmetry of the Kepler type [1].

When discussing the geodesic equations in the
Taub-NUT metric the existence of extra conserved
quantities was noticed. These reflect a symmetry
of the phase space of the system and enable the
Schrodinger [1, 2] and Dirac equations [3] to be sep-
arated in a special coordinate system. This is related
to the existence of a Stickel-Killing tensor of rank 2
in Taub-NUT space.

The theory of the Dirac equation in the Kaluza-
Klein monopole field was studied in the mid eighties
. We have continued these studies showing that the

Dirac equation is analytically solvable [3] and deter-
mining the energy eigenspinors of the central modes.
Moreover, we derived all the conserved observables of
this theory, including those associated with the hid-
den symmetries of the Taub-NUT geometry. Thus we
obtained the Runge-Lenz vector-operator of the Dirac
theory, pointing out its specific properties [4]. The
consequences of the existence of this operator were
studied in [5] showing that the dynamical algebras
of the Dirac theory corresponding to different spectral
domains are the same as in the scalar case but involv-
ing other irreducible representations.

In the Taub-NUT geometry four Killing-Yano ten-
sors are known to exist. Three of these are special
because they are covariantly constant and define the
complex structures of the manifold. Using these co-
variantly constant Killing-Yano tensors it is possible
to construct new Dirac-type operators [6] which anti-
commute with the standard Dirac operator. The aim
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of this paper is to prove explicitly that these opera-
tors and the standard Dirac one are equivalent among
themselves.

We show that the representation of the whole the-
ory can be changed using the U(2) transformations
among them the SU(2) ones are generated just by the
spin-like operators constructed using the above men-
tioned three Killing-Yano tensors [3].

The Taub-NUT space also possesses a Killing-Yano
tensor which is not covariantly constant. The corre-
sponding non-standard operator, constructed with the
general rule [6] anticommutes with the standard Dirac
operator but is not equivalent to it. This non-standard
Dirac operator is connected with the hidden symme-
tries of the space allowing the construction of a con-
served vector operator analogous to the Runge-Lenz
vector of the Kepler problem [4]. The final objec-
tive here is to discuss the behavior of this operator
under discrete transformations pointing out that the
hidden symmetries are in some sense decoupled from
the discrete symmetries studied here. The explana-
tion of this distinction is that the standard N = 4
supersymmetry are linked to the hyper-Kahler struc-
ture of the Taub-NUT space [7]. The corresponding
supercharges close on the Hamiltonian of the theory.
The quantal anticommutator of the Dirac-type opera-
tors closes on the square of the Hamiltonian operator.
On the other hand, the non-standard supercharge in-
volving the non-covariant constant Killing-Yano tensor
does not close on the Hamiltonian. The appearance of

29

the non-covariant constant Killing-Yano tensor in this
context is not surprising since it also plays an essential
role in the existence of hidden symmetries. Its exis-
tence requires the Weyl tensor to be of Petrov type
D. The quantal anticommutator of the non-standard
Dirac operator does not close on the square of the
Hamiltonian, as would Dirac-type operators, rather on
a combination of different conserved operators of the
theory.
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Many results on the Riemannian submersions are
relevant in various areas of mathematical physics as
Kaluza-Klein theories, Yang-Mills equations, strings,
supergravity. Interest in higher dimensional theories
has been ignited once again in recent years due largely
to the discovery that the underlying symmetry of the
fundamental interactions is geometrical, local and gau-
ged.

A current trend in modern physics is the search for
a theory which provides a unification of gravity with
the other fundamental forces of nature. One of the

early possibilities for such a unification was suggested
by Kaluza [1] and later expanded upon by Klein [2].
It was shown within a five dimensional extension of
Einstein’s theory of general relativity how both grav-
ity and electromagnetism could be treated on a simi-
lar footing. Both interactions were described as part
of the five dimensional metric. The fifth coordinate
was made invisible through a ”cylindrical condition”:
it was assumed that in the fifth direction, the world
curled up into a cylinder of very small radius (10732
cm, Planck’s length).



30

A natural generalization of the original Kaluza-
Klein idea which incorporates non-Abelian gauge fields
is to consider a higher than five dimensional theory in
which the gauge fields become part of the metric in the
same way as the electromagnetic field did in Kaluza’s
theory.

We describe a compactification scheme for the Ka-
luza-Klein theory triggered by a scalar sector in the
form of a non-linear sigma model [3, 4, 5].

The final part of the paper is devoted to the Kalu-
za-Klein monopole in connection with the Hopf maps
[6]. In physics, the Hopf maps represent systems with
nontrivial topological properties, e.g. the Z, kink or
sine-Gordon soliton, U(1) magnetic monopole or vor-
tex in a superconducting sheet, SU(2) instanton, etc.
Other physical realizations of the Hopf maps are pos-
sible.

After a brief presentation of the formalism of the
magnetic charges, the Dirac monopole is described in
terms of Hopf maps. Finally the Kaluza-Klein mo-
nopole is constructed by embedding the Taub-NUT
gravitational instanton into five-dimensional Kaluza-
Klein theory. Let us note also that the same object has
re-emerged in the study of monopole scattering. In the
long-distance limit, neglecting radiation, the relative
motion of two monopoles is described by the geodesics
of the Taub-NUT space [7].

Theoretical Physics
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The aim of this paper is to investigate the quan-
tum objects, namely spin one half particles, in curved
spaces. Having in mind the lack of a satisfactory quan-
tum theory for gravitational interaction, this study is
justified and not at all trivial.

We review the geodesic motion of pseudo-classical
spinning particles in curved spaces. Investigating the
generalized Killing equations for spinning spaces, we
express the constants of motion in terms of Killing-
Yano tensors. Passing from the spinning spaces to the
Dirac equation in curved backgrounds we point out the
role of the Killing-Yano tensors in the construction
of the Dirac-type operators. The general results are
applied to the case of the four-dimensional Euclidean
Taub-Newman-Unti-Tamburino space. From the co-
variantly constant Killing-Yano tensors of this space

we construct three new Dirac-type operators which are
equivalent with the standard Dirac operator. Finally
the Runge-Lenz operator for the Dirac equation in this
background is expressed in terms of the forth Killing-
Yano tensor which is not covariantly constant.

The models of relativistic particles with spin have
been proposed for a long time starting with the paper
by Frenkel which appeared in 1926 [1]. After that the
literature on the particle with spin grew vast. The
models involving only conventional coordinates are
called classical models while the models involving an-
ticommuting coordinates are generally called pseudo-
classical.

In the beginning of this paper we discuss the rel-
ativistic spin one half particle models involving an-
ticommuting vectorial degrees of freedom which are
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usually called the spinning particles. Spinning parti-
cles are in some sense the classical limit of the Dirac
particles. The action of spin one half relativistic par-
ticle with spinning degrees of freedom described by
Grassmannian (odd) variables was first proposed by
Berezin and Marinov [2].

The generalized Killing equations for the configu-
ration space of spinning particles (spinning space) are
analyzed and the solutions are expressed in terms of
Killing-Yano tensors [3, 4, 5, 6]. We mention that the
existence of a Killing-Yano tensor is both a necessary
and a sufficient condition for the existence of a new
supersymmetry for the spinning space [7, 8].

Passing from the pseudo-classical approach to the
Dirac equation in curved spaces, we point out the role
of the Killing-Yano tensors in the construction of new
Dirac-type operators. The Dirac-type operators con-
structed with the aid of covariantly constant Killing-
Yano tensors are equivalent with the standard Dirac
operator. The non-covariantly constant Killing-Yano
tensors generates non-standard Dirac operators which
are not equivalent to the standard Dirac operator and
they are associated with the hidden symmetries of the
space [9, 10, 11, 12, 13].
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Statistical approach of the modulational instability of a discrete
self-trapping equation
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Abstract

The discrete self-trapping equation (DST) represents an useful model for several properties of one-
dimensional nonlinear molecular crystals. The modulational instability of DST equation is discussed from a
statistical point of view, considering the oscillator amplitude as a random variable. A kinetic equation for
the two-point correlation function is written down, and its linear stability is studied. Both a Gaussian and a
Lorentzian form for the initial unperturbed wave spectrum are discussed. Comparison with the continuum

limit (NLS equation) is done.

The discrete self-trapping (DST) equation
dan
i~ —woan + Man+1 + an—1) + plan’an =0 (1)

is a typical equation for a system of harmonically cou-
pled nonlinear oscillations [1], [2] relevant for several

physical problems. We mention here only Davydov’s
model of energy transport in a-helix structures in pro-
teins [2], where ( 1) appears as a certain approxima-
tion of the model. In ( 1) a, is the complex classical
dimensionless amplitude of the oscillator of frequency
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wo in the n-th molecule, and A, i (of dimension of fre-
quency) are the coupling constants between nearest
neighbour oscillators and the one-site nonlinearity re-
spectively. It is well known that depending upon of
the parameters and the chosen initial condition the
equation ( 1) can lead either to self-trapping (i.e. lo-
cal modes or solitons), or to chaos, or to a mixture of
the above two behaviours [1], [2]. Instead of ( 1) we
shall consider the equation

.da

i+ M+ an 1) +planlan =0 (2)
which is obtained if a,, = a,e~*°t. This equation ad-
mits plane wave solutions with constant amplitude
an = aez'(kn—wt)
(the lattice constant is taken equal with unity) but
with an amplitude depending dispersion relation

w(k) = —2Xcosk — plal?

This is a Stokes wave solution and it is well known
to be unstable at small modulation of the amplitude
(Benjamin-Feir or modulational instability) [4]. The
aim of this note is to study the modulational instabil-
ity of equation ( 2) from a statistical point of view,
considering a,, as a random variable. In doing this we
shall follow the procedure used by several authors to
discuss the effects of randomness on the stability of
weakly nonlinear waves, especially in hydrodynamics
[5].

In the next section a kinetic equation for a two-
point correlation function will be obtained. Using a
Wigner-Moyal transform the equation is written in
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a mixed configuration-wave vector space. The linear
stability around a homogeneous basic solution is dis-
cussed in section 3. An integral stability equation is
derived, very similar with the dispersion relation of the
linearized Vlasov equation in ionized plasmas. Two
forms for the spectrum of the initial unperturbed con-
dition will be considered, namely a Gaussian and a
Lorentzian form and in the limit of vanishingly small
bands widths the increment of the modulational in-
stability is calculated. Comparison with the contin-
uum limit, when ( 1) transforms into the nonlinear
Schrédinger equation is done. Few concluding remarks
are also presented.
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Influence of third order dispersion on the bound state of two
solitons of the NLS equation
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Using Karpman-Soloviev perturbation procedure
the influence of the third order dispersion on the bound
state of two solitons of the NLS equation is investi-
gated. The problem has two small parameters (sup-
posed to be of the same order): the small overlap of
the two well separated solitons, and the amplitude of
the third order dispersion. If the velocities of the two
solitons are the same, a bound state is formed, with
an oscillating expression for the distance between soli-
tons. When the third order dispersion is introduced a

slow monotonous increasing function of time is super-
posed over this oscillatory behaviour.
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Multiwavelength pulse transmission in an optical fibre-amplifier
system

N.-C. Panoiu?, I. V. Melnikov 2, D. Mihalache?®, C. Etrich*, F. Lederer*

! Department of Applied Physics and Applied Mathematics, Columbia University, New York, New York 10027
2 A. M. Prokhorov General Physics Institute of the Russian Academy of Sciences, ul. Vavilova 38, Moscow
117942, Russian Federation
3 Department of Theoretical Physics, Institute of Atomic Physics, P.O. Box MG-6, Bucharest, Romania,
4Institute of Solid State Theory and Theoretical Optics, Friedrich Schiller University Jena, Max-Wien-Platz 1,
Jena, D-07743, Germany

The structure and dynamics of solitary waves cre-
ated by interaction of multiwavelength pulses in a mo-
nomode optical fiber with amplification, filtering, and
amplitude modulation is analyzed.

It is shown that there is a critical wavelength sep-

aration between channels above which wavelength—di-
vision multiplexing with solitons is feasible and that
this separation increases with the number of channels.

Published in: Quantum Electronics, v. 32, pp.
1009-1016 (2002)

Soliton generation from a multi-frequency optical signal

N.-C. Panoiu?, I. V. Melnikov 2, D. Mihalache®, C. Etrich*, F. Lederer*
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We present a comprehensive analysis of the gener-
ation of optical solitons in a monomode optical fiber
from a superposition of solitonlike optical pulses at dif-
ferent frequencies. It is demonstrated that the struc-
ture of the emerging optical field is highly dependent
on the number of input channels, the inter-channel fre-
quency separation, the time shift between the pulses
belonging to adjacent channels, and the polarization of
the pulses. Also, it is found that there exists a critical
frequency separation above which wavelength-division
multiplexing with solitons is feasible and that this crit-

ical frequency increases with the number of transmis-
sion channels. Moreover, for the case in which only two
channels are considered, we analyze the propagation of
the emerging two-soliton solutions in the presence of
several perturbations important for optical networks:
bandwidth-limited amplification, nonlinear amplifica-
tion, and amplitude and phase modulation. Finally,
the influence of the birefringence of the fiber on the
structure of the emerging optical field is discussed.
Published in: Journal of Optics B: Quantum and
Semiclassical Optics, v. 4, pp. R53-R68 (2002)
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Globally-linked vortex clusters in trapped wave fields
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3 Departamento de Matemdticas, E.T.S.I. Industriales, Universidad de Castilla-La Mancha, 13071 Ciudad
Real, Spain

We introduce the existence of stationary vortex en-
tities nested in paraxial wave fields confined by trap-
ping potentials, and discover that: (i) A rich variety of
fully stationary vortex structures, termed H-clusters,
made of an increasing number of vortices can be built.
(ii) The constituent vortices are globally linked, rather
than products of independent vortices. (iii) These sta-
tionary clusters can exhibit, in the simplest cases, ma-
trix or array geometries, and they feature a monopolar

global wave front. (iv) Clusters with multipolar global
wave fronts tend to be non-stationary, when the num-
ber of vortices and their location is not constant, or
flipping, when the vortices periodically flip their topo-
logical charges through extremely sharp Berry trajec-
tories.

Published in: Physical Review E , v. 66, 036612
(2002)

Stability of vortex solitons in the cubic-quintic model

B.A. Malomed!, L.-C. Crasovan?, D. Mihalache 2

! Department of Interdisciplinary Studies, Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
2 Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
Engineering, P.O. Box MG-6, Bucharest, Romania

We investigate one-parameter families of two-di-
mensional bright spinning solitons (ring vortices) in
dispersive media combining cubic self-focusing and
quintic self-defocusing nonlienarities. In direct sim-
ulations, the spinning solitons display a symmetry-
breaking azimuthal instability, which leads to breakup
of a soliton into a set of fragments, each being a stable
nonspinning soliton. The fragments fly out tangen-
tially to the circular crest of the original vortex ring.
If the soliton’s energy is large enough, the instability
develops so slowly that the spinning solitons may be
regarded as virtually stable ones, in accord with earlier
published results. Growth rates of perturbation eigen-
modes with different azimuthal “quantum numbers”
are calculated as a function of the soliton’s propaga-
tion constant k from a numerical solution of the lin-
earized equations. As a result, a narrow (in terms of

k) stability window is found for extremely broad soli-
tons with values of the “spin” s =1 and s = 2. How-
ever, analytical consideration of a special perturbation
mode in the form of a spontaneous shift of the soli-
ton’s central “bubble” (core of the vortex embedded
in a broad soliton) demonstrates that even extremely
broad solitons are subject to an exponentially weak
instability against this mode. In actual simulations,
a manifestation of this instability is found in a three-
dimensional soliton with s = 1. In the case when the
two-dimensional spinning solitons are subject to tan-
gible azimuthal instability, the number of the nonspin-
ning fragments into which the soliton splits is usually,
but not always, equal to the azimuthal number of the
instability eigenmode with the largest growth rate.

Published in: Physica D, v. 161, 187-201 (2002).
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Stable two-dimensional spinning solitons in a bimodal cubic-quintic
model with four-wave mixing

D. Mihalache!, D. Mazilu!, I. Towers2, B. A. Malomed 2, F. Lederer?
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2 Department of Interdisciplinary Sciences, Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
3 Institute of Solid State Theory and Theoretical Optics, Friedrich-Schiller Universitiit Jena, Max-Wien-Platz
1, D-07743, Jena, Germany

We show the formation of stable two-dimensional
spinning solitons in a bimodal system described by
coupled cubic-quintic nonlinear Schrédinger equations.
The cubic part of the model includes the self-phase
modulation, cross-phase modulation, and four-wave
mixing. Thresholds for the formation of both spin-
ning and non-spinning solitons are found. Instability
growth rates of perturbation eigenmodes with differ-
ent azimuthal indices are calculated as functions of the
solitons’ propagation constant. As a result, existence
and stability domains are identified for the solitons
with vorticity s = 0, 1, and 2 in the model’s parame-
ter plane. The vortex solitons are found to be stable
if their energy flux exceeds a certain critical value, so

that, in typical cases, the stability domain of the s = 1
solitons occupies about 18% of their existence region,
whereas that of the s = 2 solitons occupies 10% of
the corresponding existence region. Direct simulations
of the full nonlinear system are in perfect agreement
with the linear stability analysis: stable solitons easily
self-trap from arbitrary initial pulses with embedded
vorticity, while unstable vortex solitons split into a
set of separating zero-spin fragments whose number is
exactly equal to the azimuthal index of the strongest
unstable perturbation eigenmode.

Published in: Journal of Optics A: Pure and Ap-
plied Optics, v. 4, pp. 615-623 (2002).

Robust propagation of two-color soliton clusters supported by
competing nonlinearities
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We reveal numerically the remarkably robust prop-
agation of quasistationary two-color soliton clusters in
media with competing quadratic and cubic nonlinear-
ities. We predict that such clusters carrying nonzero
angular momentum can propagatate over any practi-

cally feasible crystal length before they can decay, even
in the presence of input random perturbations.

Published in:
278902 (2002).

Physical Review Letters, v. 89,
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Stable spinning solitons in three dimensions

D. Mihalache 25, D. Mazilu':2, L.-C. Crasovan %, I. Towers®#*, A.V. Buryak?, B.A. Malomed*, L. Torner?,
J.P. Torres®, F. Lederer?
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4 Department of Interdisciplinary Sciences, Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
5 Institute of Photonic Sciences and Department of Signal Theory and Communications, Universitat
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We introduce spatiotemporal spinning solitons (vor-
tex tori) of the three-dimensional nonlinear Schrédinger
equation with focusing cubic and defocusing quintic
nonlinearities. The first ever found completely stable
spatiotemporal vortex solitons are demonstrated. A

general conclusion is that stable spinning solitons are
possible as a result of competition between focusing
and defocusing nonlinearities.

Published in: Physical Review Letters, v.
073902 (2002).
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Stable three-dimensional spinning optical solitons supported by
competing quadratic and cubic nonlinearities

D. Mihalache 25, D. Mazilu'?, L.-C. Crasovan »®, I. Towers?, B.A. Malomed?, A. V. Buryak*, L. Torner?,
F. Lederer?

! Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
Engineering, P.O. Box MG-6, Bucharest, Romania
2 Institute of Solid State Theory and Theoretical Optics, Friedrich-Schiller Universitét Jena, Max-Wien-Platz
1, D-07743, Jena, Germany
3 Department of Interdisciplinary Sciences, Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
4School of Mathematics and Statistics, Australian Defense Force Academy, Canberra, ACT 2600, Australia
5 Institute of Photonic Sciences and Department of Signal Theory and Communications, Universitat
Politeccnica de Catalunya, 08034, Barcelona, Spain

We show that the quadratic interaction of fun-
damental and second harmonics in a bulk dispersive
medium, combined with self-defocusing cubic nonlin-
earity, gives rise to stable completely localized spa-
tiotemporal solitons (vortex tori) with intrinsic vortic-
ity s = 1. The soliton is stable if its energy exceeds
a certain critical value, so that the stability domain
occupies about 10 % of the existence region of the soli-

tons. On the contrary to spatial vortex solitons in the
same model, the spatiotemporal ones with s = 2 are
never stable. These results might open the way for ex-
perimental observation of spinning three-dimensional
solitons in optical media.

Published in: Physical Review E, v.
(2002).

66, 016613
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Method for generating solitons sustained by competing
nonlinearities by use of optical rectification

J.P. Torres!, S.L. Palacios!, L. Torner!, L.-C. Crasovan?, D. Mihalache?, I. Biaggio?
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?urich, Switzerland

We put forward a method to generate engineer-
able competing quadratic and cubic nonlinearities in
suitable settings where frequency generation is accom-
panied by optical rectification. The novel scheme is
based on the full exploitation of the geometrical con-
ditions that determine the magnitude of the rectified

fields, and translates the different orientations of an el-
liptical pump beam into tunable nonlinearities which
can be used to act on the spectral composition and
overall features of optical solitons.

Published in: Optics Letters, v. 27, pp. 1631-1633
(2002).

Multichannel soliton transmission and pulse shepherding in
bit-parallel-wavelength optical fiber links

E.A. Ostrovskaya!, Y.S. Kivshar!, D. Mihalache?, L.-C. Crasovan 2

! Nonlinear Physics Group, Research School of Physical Sciences and Enginnering, the Australian National
University, Canberra, Australia
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Engineering, P.O. Box MG-6, Bucharest, Romania

We study basic principles of the bit-parallel-wa-
velength (BPW) pulse transmission in multichannel
single-mode optical fiber links for high-performance
computer networks. We develop a theory of the pulse
shepherding effect that allows simultaneous propaga-
tion of pulses in patrallel bit slots by binding them
into a multicomponent BPW soliton. We describe
families of the BPW solitons and bifurcation cas-

cades in a system on N incoherently coupled nonlin-
ear Schrodinger equations that model the multichannel
multiwavelength transmission in a single-mode optical
fiber. We demonstrate high robustness of the com-
posite BPW solitons, due to their underlying linear
stability, to a moderate pulse walkoff.

Published in: IEEE Journal of Selected Topics in
Quantum Electronics, v. 8, pp. 591-596 (2002).

Properties of 3-dimensional cosexponential functions

Silviu Olariu*
I NIPNE-HH, Department of Nuclear Physics

The functions cx, mx, px, which will be called 3-
dimensional cosexponential functions, are defined by
the series

exy=1+4+9y3/31+45/6!+--- (1)

mxy =y+y* /4l +y7 /T + - (2)
pxy =y? /2! + > /5! + 48 /81 + - --. (3)

From the series definitions it can be seen that cx 0 =
1, mx 0 = 0, px 0 = 0. The tridimensional polar co-
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sexponential functions belong to the class of the po-
lar n-dimensional cosexponential functions g,r, and
CX = gs0, X = g31, PX = gs2. [1], [2]

It can be checked that

CXy+pxy+mxy =expy. (4)

The following addition theorems can be obtained
ex(y+2)=cxycxz+mxypxz+pxymxz, (5)
mx (y+2z) =pxypxz+cexymxz+mxycxz, (6)
px(y+2)=mxymxz+cxypxz+pxycxz. (7)
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Figure 1: Graphs of 3-dimensional cosexponential
functions.

The following identities can be obtained,

2 1
exX?y+mx’y+pxly = ge_y+ gezy, (8)

Theoretical Physics

1 1
CXy mxy +CXy pXy +mxy pxy = —gefy + 5629. (9)
From Eqgs. ( 8) and ( 9) it results that

cx2y—|—mx2y—|—px2y—cxy mx y

—cxy pxy —mxy pxy = exp(—y). (10)

It can be shown that the 3-dimensional cosexpo-
nential functions cx, mx, px fulfil the interesting iden-
tity

ex®y4+mxy+px®y—3cexy mxy pxy=1. (11)

Expressions of the 3-dimensional cosexponential
functions cx, mx, px, in terms of the regular expo-
nential and cosine functions can be obtained as

1 2 3
cxy =g e¥ + 3 €08 <§y> e /2, (12)

1 2 2
mxy =3 e’ + - cos <§y - —F> ev?  (13)

3 2 3
1 2 3 2
PXy =3 eV + 3 c08 (%y + g) e V2. (14)

It is remarkable that the series in Egs. ( 1)-( 3), in
which the terms are either of the form 3™, or y3™+1,
or y®™+2 can be expressed in terms of elementary
functions whose power series are not subject to such re-
strictions. The cosexponential functions differ by the
phase of the cosine function in their expression, and
the designation of the functions in Egs. ( 13), ( 14) as
mx and px refers respectively to the minus or plus sign
of the phase term 27/3. The graphs of the functions
cx, mx, px are shown in Fig. 1.
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Commutative hypercomplex numbers in n dimensions

Silviu Olariu®
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Two distinct systems of hypercomplex numbers
in n dimensions have been studied, for which the
multiplication is associative and commutative, and
which are rich enough in properties such that expo-
nential and trigonometric forms exist and the con-
cepts of analytic n-complex function, contour integra-
tion and residue can be defined. (1], [2] The n-
complex numbers described in this work have the form
u==xo+hix1+ - -+hy_1T,_1, where hq, ..., h,_1 are
the hypercomplex bases and the variables zg, ..., Tn—1
are real numbers, unless otherwise stated. If the n-
complex number u is represented by the point A of
coordinates xg, -1, ..., n_1, the position of the point
A can be described with the aid of the modulus
d= (23 +2}+---+22_;)"/? and of n — 1 angular
variables.

The first type of hypercomplex numbers is charac-
terized by the presence, in an even number of dimen-
sions n > 4 , of two polar axes, and by the presence,
in an odd number of dimensions, of one polar axis.
Therefore, these numbers will be called polar hyper-
complex numbers in n dimensions. One polar axis is
the normal through the origin O to the hyperplane
vy = 0, where vy = 29+ 21 + -+ 2p—1. In an
even number n of dimensions, the second polar axis
is the normal through the origin O to the hyperplane
v_ =0,wherev_ =2xg—214+---+2,_2—x, 1. Thus,
in addition to the distance d, the position of the point
A can be specified, in an even number of dimensions,
by 2 polar angles 6,6_, by n/2 — 2 planar angles 9,
and by n/2—1 azimuthal angles ¢5. In an odd number
of dimensions, the position of the point A is specified
by d, by 1 polar angle 6, by (n — 3)/2 planar an-
gles ¢ _1, and by (n — 1)/2 azimuthal angles ¢. The
multiplication rules for the polar hypercomplex bases
hi,....;hp_1 are ]’Ljhk = hj+k if0<j+k<n-1,and
h]‘hk = hj+k—n if n S ] + k S 2n — 2, where h() =1.

The other type of hypercomplex numbers exists as
a distinct entity only when the number of dimensions
n of the space is even. The position of the point A is
specified, in addition to the distance d, by n/2—1 pla-
nar angles 15, and by n/2 azimuthal angles ¢5,. These
numbers will be called planar hypercomplex numbers.
The multiplication rules for the planar hypercomplex
bases hi, ..., hp—1 are hjhy = hj1, if0 < j+k <n—1,
and hjhy = —hjip—n if n < j+k < 2n — 2, where
ho = 1. For n = 2, the planar hypercomplex num-
bers become the usual 2-dimensional complex numbers
z +iy.

The development of analytic functions of hyper-
complex variables was rendered possible by the exis-
tence of an exponential form of the n-complex num-
bers. The azimuthal angles ¢;,, which are cyclic vari-
ables, appear in these forms at the exponent, and lead
to the concept of n-dimensional hypercomplex residue.
Expressions are given for the elementary functions of
n-complex variable. In particular, the exponential
function of an n-complex number is expanded in terms
of functions called in this work n-dimensional cosexpo-
nential functions of the polar and respectively planar
type. The polar cosexponential functions are a gener-
alization to n dimensions of the hyperbolic functions
coshy, sinh y, and the planar cosexponential functions
are a generalization to n dimensions of the trigonomet-
ric functions cosy, siny. Addition theorems and other
relations are obtained for the n-dimensional cosexpo-
nential functions.

Many of the properties of 2-dimensional complex
functions can be extended to hypercomplex numbers
in n dimensions. Thus, the functions f(u) of an n-
complex variable which are defined by power series
have derivatives independent of the direction of ap-
proach to the point under consideration. If the n-
complex function f(u) of the n-complex variable u is
written in terms of the real functions Py (xg, ..., Tn—1),
k = 0,...,n — 1, then relations of equality exist be-
tween the partial derivatives of the functions Py. The
integral ff f(u)du of an n-complex function between
two points A, B is independent of the path connecting
A, B, in regions where f is regular. If f(u) is an an-
alytic n-complex function, then ¢. f(u)du/(u — ug) is
expressed in this work in terms of the n-dimensional
hypercomplex residue f(ug).

In the case of polar complex numbers, a polyno-
mial can be written as a product of linear or quadratic
factors, although several factorizations are in general
possible. In the case of planar hypercomplex numbers,
a polynomial can always be written as a product of lin-
ear factors, although, again, several factorizations are
in general possible.
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Supersymmetries in the causal approach
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The scattering matrix is formal series of operator
valued distributions T'(xy,---,%,) which act in the
Fock space of some collection of free fields. The ex-
pression T'(z) is the interaction Lagrangian. It is con-
venient to construct more general objects namely the
operator-valued distributions T'(Wi(z1), ..., Wn(zy))
where W; are arbitrary Wick monomials; they are
called chronological products and verify the so-called
Bogoliubov axioms expressing the following properties:
the initial condition, skew-symmetry in all arguments,
Poincaré invariance, causality and unitarity (see for
instance [3]). The existence of solutions is rigorously
established in [1] using a recursive procedure based on
the causality axiom. Sometimes it is possible to sup-
plement these axioms by other invariance properties.
In this way supersymmetric invariance can be treated
also in this formalism.

A quantum supersymmetric theory is a collection
of quantum relativistic free fields b; (resp. fa) which
are bosonic (resp. fermionic) acting in the Hilbert
space H together with the operators Q,, a = 1,2
such that the following properties are valid:

Q.2=0, Qz2=0

{Qa, Qo} =0 {Qa,Qz} =20"P,

[Qas Pl =0 U, 3Q5Uan = A°Q.
Qa0 =/,  {Qa,f} =0 (1)

here P, = —i 0, are the infinitesimal generators of
the translation group, o* are the usual Pauli matrices
and Q3 = (Qs)" We have denote generically by b (resp.
f) arbitrary linear combinations of the Bose (resp.
Fermi) fields and their partial derivatives. These rela-
tions express the definition of a supersymmetric alge-
bra (without central extensions) and the tensor prop-
erties of the fields with respect to (infinitesimal) su-
persymmetry transformations. If these conditions are
true we say that ), are super-charges and b;, f4 are
forming a quantum supersymmetric multiplet.

Then supersymmetric invariance of the model can
be expressed in an infinitesimal form analogue with
gauge invariance [4]:

QT (@ ran)] =83 o T (e .

for some chronological products T'(X), Ty (X).
One can establish by a direct analysis that the
chronological products can be normalized such that

these identities are true in all orders for toy models as
it is Wess-Zumino model [5].

For general supersymmetric theories one finds ne-
cessary to generalize the preceding framework intro-
ducing superfields. We consider the space Hg = GQH
where G is a Grassmann algebra generated by Weyl an-
ticommuting spinors 8, and their complex conjugates
0; = (8,)* and perform a Klein transform such that
the Grassmann parameters 6, are anti-commuting
with all fermionic fields. The operators acting in Hg
are called superfields. Of special interest are the su-
persymmetric Wick monomials constructed as in [2]
according to the formula:

W(X) = ePw(z)e™ ™ (3)

where X = (,6,0) are the superspace coordinates,
S = 60°Q, —i0°Qg, w is a Wick monomial in H and
we interpret the exponential as a (finite) Taylor series.

Then one can generalize the Bogoliubov axioms in
a purely supersymmetric context [6] by considering
chronological products T'(W1(X1), ..., W,(X,)). The
condition ( 2) can be proved to be true in all orders
of perturbation theory if it is true for the interaction
Lagrangian. In [7] we show that the starting point
of the analysis is not trivial. The construction of a
quantum multiplet is very difficult task because of the
condition of positivity of the scalar product. This con-
dition is not imposed in the standard literature where
it is assumed that it follows automatically from the
path-integral quantization procedure..

References

[1] H. Epstein, V. Glaser, Ann. Inst. H. Poincaré 19
A (1973) 211-295

[2] F. Constantinescu, M. Gut, G. Scharf, Ann. Phys.
(Leipzig) 11 (2002) 335-356

[3] M. Diitsch, K. Fredenhagen, Commun. Math.
Phys. 203 (1999) 71-105

[4] M. Diitsch, T. Hurth, F. Krahe, G. Scharf, Il Nuovo
Cimento A 106 (1993) 1029-1041

[5] D. R. Grigore, European Phys. Journ. C 21 (Par-
ticles and Fields) (2001) 732-734

[6] D. R. Grigore, G. Scharf, hep-th/0204105, to ap-
pear in Annalen der Physik

[7] D. R. Grigore, G. Scharf, hep-th/0212026



Theoretical Physics

41

Supersymmetric soliton equations

A.S. Carsteal
LIFIN-HH, Department of Theoretical Physics; E-mail: acarst@theorl.theory.nipne.ro

The description of particles through the appropri-
ate solutions of nonlinear evolution equations is an
ongoing quest.A new turn in this approach was reg-
istered when it was discovered (through the pioneer-
ing work of Kruskal and Zabusky [1]) that integrable
nonlinear evolution equations possess solutions that
present coherent structures.Prominent among these
solutions are the solitons which are localised solu-
tions that retain their identity even through interac-
tion with other solutions (localised or not) of the non-
linear equations. Thus the solitons are the par ex-
cellence candidates for the description ofparticle-like
behaviour. One important datum of nature is that
elementary particles appear in two distinct varieties:
bosons and fermions, depending on the value of their
spin. In the recent decades, mathematical techniques
have been proposed which allow fermions and bosons
to be treated on an equal footing [2]. One considers
anticommuting variables of Grassmann type (for the
description of fermions) together with the usual com-
muting variables (which are adequate for the descrip-
tion of bosons [3]) and introduces some transformation
relating them, leading to the notion of supersymme-
try. It thus became natural to ask various questions.
First, can one extend the usual (bosonic) nonlinear in-
tegrable equations to a supersymmetric setting while
preserving integrability? In what we have done the
answer is affirmative. As a matter of fact, this exten-
sion can be obtained in various ways. In some cases
the resulting equation does indeed possess a super-
symmetry invariance. In some other cases, the result-
ing equations just incorporate some fermionic degrees
of freedom,coupled to the bosonic ones, but without
boson-fermion symmetry. Given the existence of inte-
grable supersymmetric(or fermionic-extended) evolu-
tion equations, the second important question is how
one can construct their multisoliton solutions. It turns
out that the Hirota bilinear approach [4], which has
been (and still is) the life saver of all true solitonists,
can be extended to the supersymmetric domain. Su-
persymmetric bilinear operators can indeed be intro-
duced [5], following the infallible guide of gauge invari-
ance, and integrable nonlinear supersymmetric equa-
tions can be bilinearised. Using this we construct the
general supersymmetric solitonic solutions for various
equations[6,7]. An important finding is that, contrary
to the standard (bosonic) case, in a supersymmetric
setting the solitons get “dressed” through their mutual
interaction. However, just as the interaction term, the
dressing is also completely determined at the level of
the two-soliton solution. Another interesting aspect

of integrable nonlinear equations is the fact that they
possess reductions through similarity transformations,
to equations which have the Painlevé property [8] and,
whenever they are of the second order, belong to the
Painlevé/Gambier classification. Since the similarity
reduction procedure can be applied to fermionic equa-
tions it is straightforward to use it in order to con-
struct supersymmetric (or just fermionic) extensions
of the Painlevé equations. We have used this pro-
cedure in order to obtain supersymmetric forms for
the Pr and Py equations [9].The striking parallel that
exists between the properties of supersymmetricinte-
grable nonlinear evolutions equations and their stan-
dard, bosonic, counterparts has suggested the study of
similarity reductions. We were thus able to produce
the supersymmetric analogues of Painlevé equations.
Several open problems exist at this point. Although
many supersymmetric integrable nonlinear evolution
equations do exist their bilinearisation is known only
in very few cases and the same applies a fortiori to
their multisoliton solutions. Moreover the domain of
supersymmetric Painlevé equations is far from having
been explored. Given the results obtained already for
the simplest Painlevé equations wecan surmise the ex-
istence of a treasure of new integrable systems awaiting
the Indiana Jones and/or LaraCroft of integrability.
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Geometrical phases on hermitian symmetric spaces

Stefan Berceanu!
LNIPNE-HH, Department of Theoretical Physics

Six questions referring to coherent states and ge-
ometry have been presented in [1]. In the same con-
text, reference [2] was devoted to the following ques-
tion: find a geometric significance of the phase of the
scalar product of two coherent states. An explicit an-
swer to this question for the Riemann sphere was given
by Perelomov. Earlier, S. Pancharatnam [3] showed
that the phase difference between the initial and fi-
nal state is < A|A" >= exp(—iQapc/2), where Qapc
is the solid angle subtended by the geodesic triangle
ABC on the Poincaré sphere. The holonomy of a loop
in the projective Hilbert space is twice the symplec-
tic area of any two-dimensional submanifold whose
boundary is the given loop (cf. Aharonov & Anan-
dan).

A general answer to the question of the geometric
significance of the phase of the scalar product of two
coherent state vectors using the coherent state embed-
ding and the so called “Cauchy formulas” was given in
[2] and [4]. In reference [2] it was proved that for
compact hermitian symmetric spaces the phase of the
scalar product of two coherent states is twice the sym-
plectic area of a geodesic triangle determined by the
corresponding points on the manifold and the origin
of the system of coordinates. Lately, we learned that
the formula for the symplectic area on the noncom-
pact Grassmann manifold was found out earlier [5].
Also there are other references on two-cocycles on real
simple Lie groups, which are related to the symplectic
area of geodesic triangles [6, 7].

A. Guichardet and D. Wigner [6] have proved
that a simple Lie group has non-trivial continuous 2-
cohomology group H?(G,R) if and only if G/ K admits
a G-invariant complex structure, where K is a max-
imal compact subgroup of G. In this context, let us
remained some well known facts: If g is the Lie alge-
bra of the compact and connected Lie group G, then
H4(g) is isomorphic with the ¢** cohomology group
H?(@G) with real coefficients and the ring H(g) is iso-
morphic with the cohomology ring H(G) of G. If g is
a semi-simple Lie algebra over a field of characteristic
0, then H'(g) = {0}, H*(g) = {0} and H®(g) # {0}.
Moreover, for a simply connected Lie group G, not
only H(G) = {0}, but also H?(G) = {0}.

We can give an explicit calculation of the two-
cocycle for the complex Grassmann manifold, which,
when expressed in Pontrjagin’s coordinates, it is shown
to be identical with that considered by A. Guichardet
and D. Wigner. The notation and technique for ma-

nipulating the Grassmann manifold is that from refer-
ences [8].

The geometric significance of the 2-cocycle as a
symplectic area of a geodesic triangle was found by
J.-L. Dupont and A. Guichardet [7]. Using the re-
sults of [6, 7] and our results in [2] it follows that: If
G is a simple Lie group, then the only coherent state
manifolds G/K for which the phase of the scalar prod-
uct of two coherent state vectors is twice the symplectic
area of a geodesic triangle are the hermitian symmetric
spaces. This remark is a completion of our assertions
in [2].

In this context, the following question naturally
arise: For which Lie groups G, which admits coherent
state representations (cf.  [9], [10]), the assertion
“the phase of the scalar product of two coherent states
is twice the symplectic area of geodesic triangles” is
still true?
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Computational Physics (Physics of Information)

Numerical operations on oscillatory functions

L. Gr. Ixaru?

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania, Email : ixaru@theorl.theory.nipne.ro

We consider some typical numerical operations on
functions (differentiation, integration, solving differ-
ential equations, interpolation) and show how the
standard algorithms can be modified to become effi-
cient when the functions are oscillatory, of the form
y(z) = f1(z) sin(wz) + f2(x) cos(wz) where fi(x) and
fo(z) are smooth functions. The expressions of the
parameters of the new formulae are written in a way
which makes them tuned also for functions of form
y(z) = f1(z) sinh(Az) + fo(z) cosh(Az). Our formulae
only require the values of y at some points and those
of w or X\ and they tend to the classical formulae when
w or A tends to zero.

For the derivation we follow the exponential fit-
ting technique introduced in a previous paper (L. Gr.
Ixaru, Comput. Phys. Commun. 105 (1997), 1-19).
We list the tuned expressions for the first and the sec-
ond derivative, for the Simpson quadrature formula
and for the Numerov algorithm to solve differential
equations. We also show how the Gauss quadrature
formulae can be adapted and finally give a few tuned
formulae for the interpolation. Numerical illustrations
are presented for each case. Some open problems are
also mentioned.

(Computers and Chemistry 25, 39 — 53, 2001 (invited

paper))

A Gauss quadrature rule for oscillatory integrands

L. Gr. Ixaru!, B. Paternoster 2

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania
2 Dipartimento di Informatica e Applicazioni, Universit4 di Salerno, Italy

We consider the Gauss formula for an integral,
Ll1 y(z)dr =~ Zgil wyy(zy), and introduce a proce-
dure for calculating the weights wy and the abscissa
points zr, k = 1,2,..., N, such that the formula be-
comes best tuned on oscillatory functions of the form
y(z) = fi(z)sin(wz) + f2(x) cos(wz) where fi1(z) and

f2(z) are smooth. The weights and the abscissas of the
new formula depend of w and, by the very construc-
tion, the formula is exact for any w provided fi(x)
and fo(x) are polynomials of class Pny_1. Numerical
illustrations are given for N between one and six.
(Comput. Phys. Commun. 133, 177 — 188, 2001)
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A comment on ”Reliable operations on oscillatory functions”

L. Gr. Ixaru!

! Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, P. O. Box MG - 6,
Bucharest, Romania

This is a short comment on a recently published
paper [Gh. Adam, S. Adam, Comput. Phys. Com-

mun. 125 (2000) 127].
(Comput. Phys. Commun. 134, 267 — 268, 2001)

Frequency determination and step-length control for
exponentially-fitted Runge-Kutta methods

G. Vanden Berghe!, L. Gr. Ixaru?, H. De Meyer!

! Department of Applied Mathematics and Computer Science, Universiteit Gent, Krijgslaan 281-S9, B-9000
Gent, Belgium
2 Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

An exponentially—fitted Runge-Kutta (EFRK)
fifth-order method with six stages is constructed,
which exactly integrates first—order differential initial—
value problems whose solutions are linear combina-
tions of functions of the form {exp(wz), exp(—wz)},
w € R or iR. By combining this EFRK method with
an equivalent classical embedded (4,5) Runge-Kutta

method, a technique is developed for the estimation of
the occuring w—values. Error and step—length control
is carried out by using the Richardson extrapolation
procedure. Some numerical experiments show the ef-
ficiency of the introduced methods.

(Journal Comp. and Appl. Math. 132, 95 — 106,
2001)

Optimal implicit exponentially—fitted Runge—-Kutta methods

G. Vanden Berghe!, L. Gr. Ixaru?, M. Van Daele!

! Department of Applied Mathematics and Computer Science, Universiteit Gent, Krijgslaan 281-S9, B-9000
Gent, Belgium
2 Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

Implicit Runge-Kutta methods for first-order
ODEs are considered and the problem of how frequen-
cies should be tuned in order to obtain the maximal
benefit from the exponential fitted versions of such al-
gorithms are examined. The key to the answer lies in

the analysis of the behaviour of the error. A two—stage
Runge-Kutts method is particularly investigated. For-
mulae for optimal frequencies are produced; in that
case the order of the method is increased by one unit.
(Comput. Phys. Commun. 140, 346-357, 2001)

Journal Phys. G: Nucl. Part. Phys. 27, 993-1003, 2001
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Emission of electromagnetic radiation in « - decay

S. Migicu!, M. Rizea?, W. Greiner!

! Institut fiir Theoretische Physik, Frankfurt am Main, Germany
2 Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

The electromagnetic radiation during the non-uni-
form motion of the fragments resulting from the «
- decay of a heavy nucleus is computed in a time-
dependent quantum formalism. The dynamical char-
acteristics of the a - particle such as position, velocity
and acceleration are computed by taking average val-
ues of the position and momentum operators and next

the bremsstrahlung emission is determined by resort-
ing to the classical formula for the radiation power.
The contribution of the « - particle intra-barrier mo-
tion to the total bremsstrahlung yield is evaluated and
some hints are given for the case when one considers
a - decay from the ground state.

Enhancing reliability of interpolatory quadrature rules

Gh. Adam!, S. Adam'
! NIPNE-HH, Department of Theoretical Physics

We investigate ways of enhancing the reliability of
interpolatory quadrature rules which derive their lo-
cal error estimates from specific pairs {Qn, Qan+1}
of quadrature sums involving n and 2n + 1 knots re-
spectively. Towards this end, a validating scheme of
the computed local error estimates is derived from the
study of parametric elementary integrals. According
to this scheme, a local error estimate is unconditionally
rejected as unreliable if its magnitude exceeds a given
fraction of |Qan+1|- Moreover, it is only conditionally
accepted iff: (i) the average value f of the integrand
does not belong to one or more of the ranges of varia-

tion of the integrand f over its monotonicity subranges
defined over the 2n+ 1-knot sampling of Q2,41 and/or
(i) the isolated fixed points of the quadrature mesh,
defined as the common extremal points of f over the
corresponding n and 2n + 1-knot samplings such that
they are not consecutive extrema inside the n-knot
sampling, result in smaller stability regions around the
2n + 1-knot extrema as compared to those arising from
the n-knot extrema.

Finally, the procedure is illustrated on the archety-
pal Gauss-Kronrod 10-21 quadrature rule.

To be published in Romanian Journal of Physics, vol. 47, No. 3-4 (2002)

Efficient and reliable subdivision strategy in automatic adaptive
quadrature

Gh. Adam!, S. Adam!
I NIPNE-HH, Department of Theoretical Physics

A scrutiny of the standard approach to the class
conscious automatic adaptive quadrature allows us to
propose an improved general control based on three
elements: (i) direct access of the general control rou-
tine to the integrand sampling; (ii) modified priority
keys to the instantiations of the heaps Ty associated

to the current stages of the subrange subdivision tree
Tp; (iii) hierarchical ordering of the status of the gen-
erated subranges, allowing clearly defined decisions in
each of the following possible cases: insufficiently re-
solved integrand profile,occurrence of integrand singu-
larities solvable by an acceleration procedure, occur-
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rence of an ill-conditioned integrand structure which
cannot be solved by means of convergence acceleration

algorithms, well conditioned integrands.

Theoretical Physics

The procedure increases the output reliability by
at least three orders of magnitude.

Invited talk at The 2nd International Colloquium " Mathematics in Engineering and Numerical Physics”,
University ’Politehnica’ of Bucharest, ROMANIA, April 22-27, 2002

Robust automatic adaptive quadrature

Gh. Adam!, S. Adam'
LNIPNE-HH, Department of Theoretical Physics

The paper describes a code developed by the au-
thors for automatic adaptive quadrature of integrals
which may include oscillatory or hyperbolic weight

functions, accelerated at multiple entries (EAQWOM).

Ways of enhancing code qualities like reliability, ro-
bustness, efficiency, user friendliness, structuredness,
portability, are discussed.

Communication at 1st Annual Communication Session of the Theoretical Physics Department,
in memory of Aretin Corciovei (1930 - 1992), January 24-25, 2002;
To be published in Romanian Journal of Physics, vol. 47, No. 1-2 (2002)

Frequency evaluation in exponential fitting multistep methods for
ODEs

L. Gr. Ixaru!, G. Vanden Berghe?2, H. De Meyer 2

! Tnstitute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania
2 Department of Applied Mathematics and Computer Science, Ghent University, Krijgslaan 281 (S9), B-9000
Gent, Belgium

We consider the linear multistep algorithms for
first order ODEs and examine the problem of how the
A-frequencies should be tuned in order to obtain the
maximal benefit from the exponential fitting versions
of such algorithms. We find out that the key of the an-
swer consists in analysing the behaviour of the error.
On further investigating the simple case of two-step

bdf algorithms we produce formulae for the optimal A-
s and show that, if the optimal \-s are used, the order
of the method is increased by one unit. The reported
numerical illustrations suggest that further investiga-
tions along these lines deserve a real attention.
(Journal Comp. and Appl. Math. 140, 423-435,
2002)
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Quadrature rules using first derivatives for oscillatory integrands

Kyung Joong Kim?!, Ronald Cools?!, L. Gr. Ixaru?

! Department of Computer Science, Katholieke Universiteit Leuven, Celestijnenlaan 200A, B-3001, Heverlee,
Belgium
2 Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

We consider the integral of a function y(x),
I(y(z)) = fil y(r)dr and its approximation by a
quadrature rule of the form

N N
Qn(y(2)) = Zwky(a:k) + Zakyl(xk)a
k=1 k=1

i.e., by a rule which uses the values of both y and its
derivative at nodes of the quadrature rule. We ex-

amine the cases when the integrand is either a smooth
function or an w dependent function of the form y(z) =
fi(z) sin(wz) + f1(x) cos(wz) with smoothly varying f;
and f>. In the latter case the weights wy and oy are
w dependent. We establish some general properties of
the weights and present some numerical illustrations.

(Journal Comp. Math. 140, 479498,

2002)

and Appl.

LILIX — a package for the solution of the coupled channel
Schrodinger equation

L. Gr. Ixaru!

! Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

The code LILIX is based on a CP method for solv-
ing systems of coupled Schrodinger equations. The
method is of the sixth order, highly stable and with
uniform accuracy with respect to the energy. The
package contains three main subroutines to be ac-
cessed directly by the user. Subroutine LI gener-
ates the partition consistent with the desired accuracy
while subroutine LIX helps propagating the solution

and its derivative with respect to the momentum k
in both directions (forwards and backwards) along the
mesh points of the partition. Subroutine RENORM helps
conserving the linear independence of various vectors
in the solution matrix whenever this may be of con-
cern.

(Comput. Phys. Commun. 147, 834-852, 2002)

PERSYS - a program for the solution near the origin of coupled
channel Schrodinger equation with singular potential

M. Rizea!

I Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania

The code PERSYS produces the regular solution of a
system of coupled Schrédinger equations near the ori-
gin, where the potential exhibits a singularity, due to
the centrifugal, spin-orbit and Coulomb components.
The solution is calculated by means of a highly ac-

curate method, which consists of a perturbative tech-
nique in which the centrifugal term is taken as the
reference potential while the rest of terms are seen as
a perturbation.

(Comput. Phys. Commun. 143, 83-99, 2002)
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Enhancing reliability of interpolatory quadrature rules

Gh. Adam!, S. Adam'
LNIPNE-HH, Department of Theoretical Physics

The detection of insufficiently resolved or ill condi-
tioned integrand structures is critical for the reliability
assessment of the quadrature rule outputs. We discuss
a method of analysis of the profile of the integrand
at the quadrature knots which allows inferences ap-

proaching the theoretical 100% rate of success, under
error estimate sharpening. The proposed procedure is
of the highest interest for the solution of parametric
integrals arising in complex physical models.

To be published in Computer Physics Communications, (2003)

Solid State Physics

Obmennyi i spin-fluktuatsionnyi mehanizmy sverhprovodimosti v
kupratah [Exchange and spin-fluctuation mechanisms of
superconductivity in cuprates]

N.M. Plakida2, L. Anton?, S. Adam!, Gh. Adam'

LNIPNE-HH, Department of Theoretical Physics
2BLTF, OIYal- Dubna, Russia
3INFLPR

We propose a microscopical theory of supercon-
ductivity in CuO- layer within the effective two-band
Hubbard model in the strong correlation limit. By
applying a projection technique for the matrix Green
function in terms of the Hubbard operators, the Dyson
equation is derived. It is proved that in the mean-field
approximation d-wave superconducting pairing medi-
ated by the conventional exchange interaction occurs.

Allowing for the self-energy corrections due to kine-
matic interaction, a spin-fluctuation d-wave pairing is
also obtained. T, dependence on the hole concentra-
tion and k-dependence of the gap function are derived.
The results show that the exchange interaction (which
stems from the interband hopping) prevails over the
kinematic interaction (which stems from the intraband
hopping).

To be published in Jurnal Eksperimental’noi i Teoretichescoi Fiziki, JETF, (in Russian) (2003)
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Nuclear Structure

Excitation of nuclear states by synchrotron radiation

Albert Olariu?!
! NIPNE-HH, Department of Nuclear Physics

We study the excitation of nuclear states by gamma
ray beams of energy up to 200 keV, produced as syn-
chrotron radiation. We consider the possibility to
populate an excited state |i) in two steps: from the
ground state |g) to an intermediary state |n), which
decays by gamma emission or internal conversion to a
lower state |¢). The aim of this study is to establish
if it is possible that the propability P, of the two-step
transition |g) — |n) — |i) should be grater than the
probability Py of the direct tranzition |g) — |i) (Fig.
1). The probabilities P, and P» correspond to a ra-
diation pulse of duration equal to the the half-time of
the state |i).

We have written a computer program in C++
which computes the probability P, the ratio Py/P;
and the rate Cs of the two-step transitions, for all nu-
clei and different configurations of states. The pro-
gram uses a database from [1] which contains infor-
mation on the the energy levels, half-lives, spins ant
parities of nuclear states, and on the relative inten-
sities of the nuclear transitions [2]. If the half-lives
or the relative intensities are not known, the program
uses the Weisskopf estimates for the transition half-
lives. An interpolation program of internal conversion
coefficients obtained from [1] has also been used.

In the table below we listed the values obtained
for P» , P,/P; and Cs in a number of cases for which
P, is significant, from the 2900 considered cases. The
states |i) and |n) have the energies F; and E,, the
corresponding half-lives being ¢; and ¢,,. The spectral
density of the synchrotron radiation has been consid-
ered to be 1012 photons cm™2 s—! eV L.

In the table we listed only cases for which the rel-
ative intensities of the transitions from levels |n) and
|7) to lower states are known.

The calculations done in this study allowed us to
identify nuclei for which P; has relatively great values.
In the listed cases P,/P; > 1, so the two-step excita-

tion whith synchrotron radiation is more efficient than
the direct excitation |g) — [i). For a sample having
10'? nuclei the probability P, = 2.4 x 107!, obtained
for 144Pr, would give a number of 2.4x108 excited nu-
clei in that sample. The activity of these excited nuclei
would be of 3.8x10% Bq, being measurable.

In>
two-step
transition

: i>

direct
transition

9>

Figure 1: Direct transition and two-step transition
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Nucleus FE;, keV E,, keV t; tn P P/P C,, st

T4py 59 100 430s 0.66ns 2.4x10~T 22x10™ 3.8x10~

9Kr 129.8 1471 50s  79ns 29x107  1.6x107  4x10°16

169y 24.2 1912  46s 3.3ns 5.3x1071¢ 27x10° 8.1x10°!8

677n 93.3 184.6 9.2 us Ins  5x10720 440 3.8x10°1°

657n 53.9 115.1 1.6 us 0.44ns 7.1x10°20 760 3.1x10°

1519m 4.8 1684 35ns  39ps 1.1x10°20 26 2.2x10713

127Cg 66.1 139 26ns 0.12ns 5.3x1072! 13 1.4x10713
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An approach for cross-talk rejection in halo neutron coincidence
measurements

M. Petrascu', A. Constantinescu?, I. Cruceru!, M. Giurgiu®, A. Isbasescu', M. Isbasescu', H. Petrascu’,
C. Bordeanu!, I. Tanihata*, T. Kobayashi*, K. Morimoto*, K. Katori*, M. Chiba*, Y. Nishi*,
S. Nishimura?, A. Ozawa*, T. Suda?, K. Yoshida*

! Horia Hulubei National Institute for Physics and Nuclear Engineering, POB MG-6, Bucharest, Romania
2 Faculty of Physics, Bucharest University
3 Technical University, Bucharest
4RIKEN, Wako-shi, Saitama, Japan

Recently, an experiment with a new array detec-
tor aiming the investigation of halo neutron pair pre-
emission in Si(*'Li, fusion) has been performed [1].
The ultimate goal of a neutron coincidence experiment
is the obtaining of the nn correlation function which
represents an unique means to map the valence neu-
trons within a halo nucleus. In this aim it is very im-
portant to have adecuate criteria for cross-talk (c.t.)
rejection. In this paper, the criterion [2] for select-
ing the true coincidences against cross-talk (c.t.) was
adopted. Cross-talk is a spurious effect in which the
same neutron is registered by two or more detectors.
A coincidence between two detectors is rejected when-
ever the following condition is fulfilled:

Ei > Epin = Em A2 (1)

Here E; is the energy of the first neutron. E,;, is
the minimum energy required by the neutron scattered
from the first detector to travel the minimum distance
dmin to the second detector, in the time interval At.
For the first rejection we took d,q, equal to the dis-
tance between the detector centers. For example, by
applying this criterion to the first order coincidences,

a number of 118 true coincidences were found. For fur-
ther rejection we consider that it is more appropriate
to use the d,;;, parameter instead of time of flight,
because the distance between the adjacent detector
centers is close to the detector dimension. By taking
dpmin=1.8 cm as it is specified in Fig.4, the number of
first order true coincidences is reduced from 118 to 46.
From geometrical considerations, assuming an uniform
distribution of the neutrons coming from the target
over the surface of detector #1, in the 5 mm slice are
about 12% of the incoming neutrons. Assuming also
that these neutrons are scattered toward detector #2,
it follows that the remaining c.t. is less than 1.5%.
We tested the consistency of such estimation by the
MENATE program. The author of MENATE, Pierre
Desesquelles [3], has adapted the program [3] for cal-
culation of c.t. rejection in the case when d,,;, is used
as rejection parameter. In one of the used configura-
tions, detector #1 surrounded by detectors #2 to #9
(see Fig. 2) is uniformly fired by neutrons of given en-
ergy. The c.t. rejection, and diaphony are calculated
as a function of the incoming neutron energy, the de-
tector number and the distance d,,;, . For example in
the case 100,000, 15 MeV neutrons are fired uniformly
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on detector #1, 32900 neutrons are detected by this
detector, for a threshold of 0.3 MeVEE. The total in-
duced c.t. on detectors 2-9 are 2815 counts of which
2814 are rejected for d;;,=1.8 cm. This means that
in about 3000 counts only one c.t. can pass as a true
coincidence. In the case d;,;,=4.8 cm about 7% of c.t.
could pass as true coincidences. Thus the upper es-
timation is confirmed by the Menate program. More
relaxed c.t. conditions appear in the case of second
and higher order coincidences.
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Figure 1: The principle of c.t. rejection by using duin
parameter for first order coincidences is shown.
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The problem of the correlation function denomi-
nator building, was presented in a previous contribu-
tion to this volume [1]. In the following, the prelimi-
nary results concerning the nn correlation function will
be presented. The two-neutron correlation function is
given by [2]:

Ne(q)
Nie(q)
In (1) N,(g) represents the yield of coincidence events

and N, (q) the yield of uncorrelated events. The nor-
malization constant k is obtained from the condition

Clg) =k

(1)

that C(g)=1 at large relative momenta. The relative
momentum q is given by: q=1/2mod(p1 — p2), p1
and p2 being the momenta of the two coincident neu-
trons. In Fig.1, the correlation functions obtained by
using denominators A and B are represented. The nor-
malization was done in the range q=30-40 MeV /¢, far
away from the c.t range. The points with error bars
represent the correlation function constructed by using
condition B. The solid line showing good agreement
with the experimental points was calculated according
[3] for ro=4.2 fm. Here ro represents the variance of
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Gaussian source assumed in the model of ref.  [3].
The n-n separation r,, is then a Gaussian function
with the variance=2%%rq, and r"m=6%-5r. The lower
dotted line in Fig. 1, in good agreement with the cor-
relation function obtained with denominator A, was
calculated for ro=5 fm. This value is close to the
one (5.3 fm) obtained in ref. [4]. This means that
in [4] a denominator similar to A was used. The up-
per dotted line calculated for rg=3.4 fm illustrates a
correlation function in agreement with r™*= 8.3 fm
predicted by COSMA model [5]. The small anoma-
lies in denominator B could account probably for the
difference between the solid line and the upper dotted
line in Fig.1. The other value r]'*=6.7 fm predicted
by COSMA[r [5] is however too far from the solid
line to be accounted by denominator B. It follows that
the present data are likely to favor the r]"* value pre-
dicted by COSMA;. One has to mention that in [6]
almost the double number of iterations were necessary
for 1'Li in comparison with “Be and ¢He to obtain a
stable solution nearer to COSMA ;. A definite answer
to this question will be an experiment aiming to de-
termine the intrinsic correlation function by using ' Li
and ''Be halo nuclei. The nucleus !'Be will be an ideal
uncorrelated background source, since it contains only
one halo neutron.
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Figure 1: The correlation function C(q) (points with
error bars) was obtained using formula (1). The used
denominator was of type B (see text). The solid line
was calculated according [3] for respectively ro=4.2
fm. For the meaning of upper and lower dotted lines
see text

Experimental evidence for residual correlation of the halo neutrons
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The halo nuclei discovered by Tanihata and co-
workers [1] are characterized by very large matter
radii, small separation energies, and small internal mo-
menta of valence neutrons. Recently it was predicted
[2] that, due to the very large dimension of ''Li, one
may expect that in a fusion process on a light target,

the valence neutrons may not be absorbed together
with the °Li core, but may be emitted in the early
stage of the reaction. Indeed, the experimental in-
vestigations of neutron pre-emission in the fusion of
1714 halo nuclei with Si targets [3], have shown that a
fair amount of fusions (40+12)% are preceded by one
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or two halo neutron pre-emission. It was also found
that in the position distribution of the pre-emitted
neutrons, a very narrow neutron forward peak, lead-
ing to transverse momentum distribution much nar-
rower than that predicted by COSMA model [4], is
present. Recently, an experiment with a new array
detector aiming the investigation of halo neutron pair
pre-emission in Si(1!Li, fusion) has been performed [5]
[6]. This new experiment confirms the presence of the
forward peak with an aperture of 9 msrad. It was
found also that this peak is due predominantly to the
pre-emission of neutron pairs. In the aim to obtain the
n-n correlation function, the critical problem of the de-
nominator construction was carefully analyzed. It was
found that the single product denominator A, built
by a random coupling of single detected neutrons, fol-
lowed by cross-talk rejection [7], exceeds by up to 70%
the denominator B constructed by replacing with sin-
gle neutrons, the neutrons in the coincidence sample.
We consider this feature of denominator A, together
with the large fluctuations revealed when represented
in small steps of relative momentum q ( Fig. 1), as an
experimental evidence for residual correlation [8] of
single detected halo neutrons. As one can see in Fig.
1, denominator A is much larger than denominator
B. In the case denominators A and B are represented
in larger steps of q, (2 MeV/c), the fluctuations seen
in Fig.1 disappear, but denominator A remains still
significantly larger than B. The correlation functions
obtained with A and B denominators will be given
elsewhere [9].
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Figure 1: The denominators A and B of the correlation

function represented as a function of q in steps of 0.5
MeV/c.
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PIXE (Particle Induced X rays Emission) and ICP (Inductive
Coupled Plasma) applied in biology and environmental
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Particle Induced X-ray Emission (PIXE) and In-
ductive Coupled Plasma (ICP) are sensitive and reli-
able techniques for the determination of elements with
atomic number greater than 13 in biological materi-
als in the case of PIXE and greater than 10 in the
case of ICP. One of the research direction of our de-
partment is the application of those methods in bi-
ology: the elemental analysis of leaves from different
Basella plants cultivated in Variety Testing Centre and
in Green Houses of Targoviste and the microelemental
analysis of blood serum samples collected from healthy
and ill cows (downer cow syndrome (DCS)) hosted in
animal farms in the neighbourhood of Targoviste city.
Another research direction is the environmental study,
especially air samples from Romanian cities.

The PIXE quantitative method applicable to Ba-
sella plants, is described in this work, along with the
results obtained from the. The target samples were
bombarded with 3 MeV protons beam obtained at
Tandem Accelerator of IFIN-HH Bucharest. The X-
rays were detected with Ge hiperpur detector with 160
eV at 5.9 KeV energy resolution and the characteristic
X-ray spectra were recorded using an acquisition sys-
tem with a PC computer. The concentration obtained
for the chemical elements who give a great nourish-
ment value of Basella plants : P, Ca, Mg, K, Na, Fe,
Mn, Zn, Cu, have an estimated precision of less than
12%.

Another part of our research work is dedicated to
the microelemental analysis of blood serum samples
collected from healthy and ill cows (downer cow syn-
drome (DCS)). Until today the origin of DCS is un-
certain. At the beginning of our work, we assume
some connections among the diminution of some nutri-
tive elements from food, the activity of some enzymes
and the origin of DCS. The samples were collected
from cows at some animal farms on the neighbor-
hood of Targoviste city. To obtain a microelemental
monitoring of these samples, we used a nuclear anal-
ysis method PIXE (Particle Induced X-Rays Emis-
sion) and a spectrometric one ICP (Inductive Cou-
pled Plasma). For Ca and P content of the analyzed
samples, we used PIXE based on the internal stan-

dard method. The ICP analysis method was used
for Mg content determination. The determinations of
phosphatase alkaline enzyme of analyzed blood serum
samples were made by a spectrometric analysis using
Bessey-Lowry method. In studying diseases, a signifi-
cant variation in Ca, P, Mg and enzyme contents was
observed. Those changes correlate with age, season of
alimentation and type of disease.

The environmental studies consists in the analysis
of air samples from 10 Romanian cities, of different
industrial levels. The samples were collected using air
sampler by sucking the air through filter papers. For
the analysis of the trace elements included in the air.
Particle Indiced X Rays Emission (PIXE) was used.
It was identified the the traces of S, K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Hg and Pb. The gradient
of pollution for different cities is directly proportional
to the industrial levels.
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The aim of this work is to determine the elemen-
tal composition of tree leaves using Proton Induced X-
Rays Excitation (PIXE) and Atomic Absorption Spec-
trophotometry (AAS) methods. By PIXE Spectrome-
try we identified and determined the concentration of:
S, Cl, K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu Zn, As, Br,
Sr and by AAS method the concentration of elements:
Cr, Mn, Fe, Co, Cu, Zn, Se, Cd. Pb was identified

in only 2 samples from 29. For leaves trees samples
collected from a grather distance to pollution source
the Sr concentration decreased and the Mg, Ca, Se, Zn
and Fe concentrations increased. Also we can observe
a small afinity of these leaves for the environmental
Pb which are detected for two samples from a small
distance to pollution source.

Status of the 14 GHz ECR ion source RECRIS

S. Dobrescu', L. Schachter !
LIFIN-HH, Department of Nuclear Physics

The Romanian 14 GHz ECR Ion Source (RECRIS)
was developed as a stand-alone facility in the Depart-
ment of Nuclear Physics of IFIN-HH for atomic physics
and materials studies. The researches in these fields
take advantage of the highly charged ion beams deliv-
ered by ECRIS due to the fact that the large Coulomb
potential of these ions induce various interactions on
atoms and surfaces even at relative small ion kinetic
energies (tens or hundreds of keV). The extremely di-
versified species of ions with different charge states
available from ECRIS open thus a large field of re-
search without an accelerator.

The 14 GHz ECR source able to deliver intense
beams of highly charged ions of many elements was
previously described [1]. The first ECR plasma was
ignited in 1999. In 2001, the facility has been com-
pleted with a 90° analyzing magnet, with beam di-
agnosis boxes (horizontal and vertical adjustable slits
and faraday cups) in the object and image points of
the magnet and with a magnetic steerer of the ion
beam. A schematic drawing of the completed facility

is given in the figure below. The base vacuum in the
installation is in the range 8 x 1078 + 2 x 10~7 mbar.
Different experimental set-ups can be coupled to this
facility.

Argon and oxygen ion beams of tens of microam-
peres have been experimentally obtained so far. The
performances may be improved by further optimizing
the source operation, by using different methods as a
biased disk and an MD liner [2] and by modifying the
analyzing magnet which is actually limiting the beam
currents.
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The role of cold electrons in the increase of the electron cyclotron
resonance ion sources performances
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A new aproach of the possibility to significantly in-
crease the high charge state ion beams delivered by the
ECR ion sources was tested in experiments at the In-
stitut fur Kernphysic (IKF) der J. W. Goethe Universi-
tat, Frankfurt/Main, Germany and Kernphysich Ver-
sneller Instituut (KVI), Groningen, The Netherland.
The intensities of argon beams extracted from the 14
GHz ECR ion sources were measured in the standard
mode of operation, that means without any supply of
supplementary cold electrons and respectively by us-
ing the new method consisting in the introduction of
a cold electron emitter in the plasma chamber of the
sources.

In both experiments very high enhancements of the
high charge states of argon ions beam were obtained
indicating this method as a very efficient method to
increase the ECR ion sources performances.

The cold electron emitter is a special cylindrical
metal-dielectric (MD) structure able to sustain the
ECR plasma conditions and that is introduced in the
plasma chamber of the ECR ion source. Under the

impact of electrons and ions escaping from the ECR
plasma the metal-dielectric structure emitts a high
number of secondary cold electrons.

The goal of the experiments was to measure and
compare the charge state distribution of the extracted
ion beams in the standard conditions and when the
special MD cylindrical stucture is used. The main re-
sults obtained at the IKF 14 GHz and at the KVI 14
GHz ECR ion sources are represented in the figure be-
low. 1 It can be observed a similar trend. Both
sources were much more productive in argon ions with
charge states higher than 9+ when the cold electron
supplly was used (light columns) than in the case of
the standard mode of operation.

The experiments carried out at the IKF and KVI
ECR ion sources led to similar results, clearly demon-
strating the higher capability of the cold electron emit-
ting MD structure, introduced in the plasma chamber
of the source, to strong enhace the output of the high-
est charge states. The sources were very stable in op-
eration in the presence of the MD structures. A more
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detailed analysis of the influence of a MD structure on
the physical processes which occur in the ECR plasma
is in view and new experiments are planned.
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Figure 1: Charge state distribution of the argon beam
in standard conditions (no MD - dark columns) and
respectively with the MD structure inserted (light
columns) at the IKF ECRIS (left diagram) and at KVI
ECRIS (right diagram).

Mossbauer data acquisition system for Rayleigh scattering of
Mossbauer radiation

A. Kluger!, S.E. Enescu!, I. Bibicu?, C. Ciorteal!, A. Enulescu?!

INIPNE-HH, Nuclear Physics Department, Bucharest, Romania,
2NIMP, Bucharest, Romania

A new data acquisition system integrating on a
common board the Mossbauer drive signal genera-
tor, the analog-to-digital converter (ADC), the inter-
nal single channel analyzer (SCA) and the 32kB RAM
for data storage is reported. The system (Fig. 1) was
successfully tested in Rayleigh scattering of M&ssbauer
radiation (RSMR) measurements on pyrolytic graphite
single crystal. The main functions of the data acquisi-
tion system are: to generate the driving signal for the
relative source-absorber motion, to convert the analog
output from the detector, the multichannel analyzer
function and the storage of current data.
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Figure 1: Schematic diagram of the acquisition system
hardware.

In the usual systems these functions are performed
by different external modules possibly giving rise to
data corruption by electronic noise and counts loos-
ing. An Intel 80C52 type microcontroller is used for
communication, data processing and command signals
generation.

A special software protocol was developed for the
timing and handshaking process. The software is run-
ning under WINDOWS operating system. The soft-
ware ensures presettable number of channels, dwell
time, acquire time, SCA modes and thresholds. An
application path permits to do any other PC work con-
currently without stopping the acquisition system.

RSMR was chosen for testing the system perfor-
mances because this kind of experiments reacquire ad-
ditional experimental features with respect to the Mos-
sbauer transmission experiments. In order to test the
energy resolution a natural iron absorber was placed
between the Mdssbauer source containing ®7Co iso-
tope in rhodium matrix and the proportional counter
was used as detector. The resonances lines were fit-
ted with Lorentzian functions assuming that their
dips and linewidth are equal. The resulted com-
mon linewidth was AE=1.210-10"%eV (0.252+0.007
mm/s). For an infinitely narrow instrumental function
the measured linewidth should be twice the natural
linewidth of the Mossbauer transition '=4,665-10"%V
(0.097mm/s). Thus, the difference between the actual
linewidth and this ideal value characterize the system
energy resolution. The model scatterer was the py-
rolytic graphite. The incident Mossbauer radiation
of 14.4 keV diffracted on the (002) crystallographic
plane gives a first diffraction maximum at 0pp4qq
= 7.381°. The nuclear absorption spectrum obtained
when the absorber is placed between the scatterer and
the detector is not very different with respect to the
spectrum obtained in the direct transmission config-
uration. In fact, the dip amplitude measured in the
scattering configuration decreases when the fraction
of the inelastically scattered radiation is significant.
Even in the case of pyrolytic graphite for which this
fraction is very small (about 1.5%) due to the small
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yield of the inelastic scattering process the difference
is detectable [1]. It is worth noting the scatterer in-
duces no alteration in the shape, position and width of
incident line. This proves that the acquisition system
works correctly and is suitable for RSMR experiments.
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Trace element and cutaneous cancer
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The mineral macro- and micro-elements are play-
ing essential biological roles, as for example: some
are co-factors of enzymes, or act as organizers of the
molecular structures of the cell, or have an important
role in ionic transport; some could be even beneficial as
anti-tumor agents. Their concentration status in the
organism is closely linked to: the long-term dietary
intake, the environmental exposure, e.g. cumulative
exposure to chemicals from industrial sources could
increase the incidence of skin cancer, the health pro-
file of the concerned subject. The research objective
consisted in the examination of the content levels of
some micro- and macro-elements found in the tumor
tissue of patients having skin cancer disease, namely
basal cell carcinoma (BCC), squamous cell carcinoma
(SCC), malignant melanoma (MM), as well as benign
tumor nevi. The analytical method of proton induced
X-ray emission (PIXE) was used. Sample preparation
and PIXE measurements The skin samples were col-
lected from 22 cancer patients, aged 32-88 years, 11
males and 11 females. Controls were health skin sam-
ples (histopathological diagnose) from patients having
skin cancer. The samples were freeze-dried and then
mineralized for PIXE analysis, using nitric acid at 1200
temperature. The internal standard (Yttrium) tech-
nique was used for quantitative determination. Thin
targets were measured in vacuum using a 3 MeV pro-
ton beam delivered by the Van de Graaff Tandem ac-
celerator of the Institute of Physics and Nuclear Engi-
neering in Bucharest - Magurele. A collimated beam
(of 3 mm diameter) bombarded the target oriented

at an angle of 450 with respect to the beam direc-
tion. The beam current entering the scattering cham-
ber was maintained at several nAs. The samples were
typically irradiated for a collected charge of 10 7C.
The emitted X-rays have been detected by a Canberra
Ge(HP) detector with energy resolution of 180 eV /
5.9 keV placed perpendicular to the beam direction.
Data manipulation and storage were performed with
a Canberra S100 counting system, based on an IBM
personal computer. For efficiency calibration, samples
of known concentrations prepared in our laboratory
were used. To calculate elemental concentrations, the
ratios of element/standard (Yttrium) peak areas, de-
tector efficiency, and X-ray attenuation in Be windows
(reaction chamber and detector) as well as in air were
taken into account. The results obtained for tumor
samples were compared with those for normal sam-
ples (histopathological diagnose) from patients having
skin cancer (control group). In spite of large standard
deviations, the present results put in evidence the fol-
lowing: - a large significant increase (within the error
bars) of P, S and K concentrations in all tumor sam-
ples (ratios between 2.3 £+ 0.7 and 9.1 + 6.6); - a large
increase of Ca and Zn concentrations in nevi (6.1 &+ 3.3
and 2.3 + 1.6, respectively), and of Fe concentrations
in BCC, MM and nevi (6.2 £+ 5.7, 3.3 £ 2.5 and 4.0
+ 1.6, respectively); some of these elevated concentra-
tions have been found previously, e.g. Zn in skin car-
cinoma [1] - levels of Cl, Ti, Cr, Mn and Cu not signif-
icantly different (in the limits of rather large standard
deviations of present results) in the tumor compared
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to control samples. The present preliminary results
obtained for only a limited number of samples should
be confirmed in more cases before we could definitely
conclude. If higher concentration levels of P, S, K, Fe
and possible Zn in tumor compared to normal tissue
will be confirmed by future analyses, then this result
is similar to that found for Mg [2] The element cap-
ture by the tumor is due to a greater need of it in the
growing tumor tissue. As a result, a depletion of these
elements in the healthy tissue is possibly occurring.
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Data processing and inter-comparison of analytical results obtained
by INAA, PIXE and ICP-MS

C.L. Dinescu?!, C. Ciortea!, E. Steinnes?, T. Sjobakk Eidhammer?, O.G. Duliu3, D.E. Dumitriu®,
M.M. Gugiu®, D. Fluerasu!, M. Haralambie!, N.GH. Mihailescu*

! Horia Hulubei National Institute of Physics and Nuclear Engineering, Magurele, P.O. Box MG-6, RO-76900
Bucharest, Romania
2 Norwegian University of Science and Technology Department of Chemistry, N-7491 Trondheim, Norway
3 University of Bucharest, Department of Atomic and NuclearPhysics, Magurele, P.O. Box MG-11, RO-76900
Bucharest, Romania
4 Geological Survey of Romania, Caransebes St. 1, RO-78344 Bucharest, Romania

Expanding industrial activity over recent decades
has regularly introduced heavy and toxic metals, ferti-
lizers or pesticides in any ecosystem [1]. At the same
time, nuclear weapon tests or nuclear power station
accidents discharged significant amounts of radioac-
tive material into the environment. Once released,
these pollutants enter atmospheric and hydrological
circulation and are finally deposited on river beds,
in reservoirs, deltas and in the marine environment
where both lacustrine and marine sediments, continu-
ously enriched by all kinds of pollutants, become a sui
generis archive for the past history of contamination
processes. Therefore, the investigation of the distri-
bution of pollutants in sedimentary cores can furnish
useful information concerning these processes. The
Danube Delta represents a flat region, with a sur-
face of 5,640 km?. More than 150 lakes and bogs
are spread over the entire Delta. Both morphologi-
cally and by taking into account recent history (the
last 10 000 years), the Danube Delta can be divided
into two regions: Fluvial (western part) and Fluvial-
marine (eastern part and the Razelm-Sinoe lacustrine
complex). The bottom sediments of almost all lakes
of Danube delta are intensively bio-disturbed by the
living activity of various invertebrates which spend
their life cycle buried in the mud [2] This fact also
contributes to the dissemination of pollutants within
the sediments. Two sediment cores collected in the
lakes Mester and Furtuna, in an active sedimentation
zone, one core from channel Sontea and three soil sam-

ples, all located in Danube Delta, have been analyzed
by using Instrumental Neutron Activation Analysis
(INAA), Thick Target Proton Induced X-ray Emission
(TTPIXE) and Induced Coupled Plasma Mass Spec-
trometry (ICP-MS) methods. Continuously increasing
number of multi-partner projects involving different
countries made date exchange inevitable which in turn
needs much more care in comparing data from various
laboratories. One criterion for establishing whether
an element represents a pollutant is the analysis of
its vertical profile in the soil or sediment under in-
vestigation. In the absence of any noticeable mixing
or revoking of the sediments, the presumed pollutants
present increased concentrations in the upper, more
recent, layers of the sediments [3] Concentrations of
25 elements by using INAA, 13 elements by TTPIXE
and 36 elements by ICP-MS have been determined.
The vertical distribution of these elements in the three
analyzed cores was obtained. In addition to the ele-
ments identified previously by INAA (Zn, As, Sb, Br)
and TTPIXE and ICP-MS (Cu, Pb, Zn) as poten-
tial pollutants (by taking into consideration their ver-
tical distribution), other elements were put in evidence
as potential pollutants by using ICP-MS: Cd, Hg, TI.
The vertical distribution of V and Al do not show sig-
nificant variation with depth, while Ni concentrations
show increased values with depth. The top layer con-
centrations for Zn, Cu, As, Sb, Br, Pb and TI are 1.5 to
3 times larger than in the lower part of the core, while
the concentrations of Cd and Hg are 5-7 times larger,
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but according to the Romanian Regulations, the sedi-
ments can not be considered as polluted. The vertical
profiles of the other elements are characterized by a
relatively uniform distribution along the cores. The
element concentrations determined in the soil samples
are generally much lower than those in the lacustrine
sediments. They do not show significantly increased
values at surface as compared to the 30 cm depth, ar-
guments favoring the conclusion that, within the limits
stated by Romanian Regulations, no pollution of the
measured soil samples from Danube Delta was found.
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Inner-shell vacancy production and multiple ionization effects in
0.1-1.75 MeV /U Mn, Fe, Co, Ni, Cu + Au, Bi collisions
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Vacancy production in 0.1-1.75 MeV /u Mn, Fe, Co,
Ni, Cu + Au, Bi collisions has been studied by mea-
suring integral inner-shell ionization cross sections and
mean outer-shell ionization probabilitie. X-ray spec-
tra induced by ion beams of Mn, Fe, Co, Ni and Cu
impinging on thin solid-foil targets of Au and Bi have
been measured. Total ionization cross sections for the
K-shell of the projectile and Ls-subshell of the target,
as well as vacancy sharing probabilities, corrected for
the effect of multiple ionization, are reported. The ex-
perimental results are discussed in terms of two model
calculations. In slow, moderately asymmetric colli-
sions, the general tendency of inner shell ionization
cross sections can be understood within the concept
of electron promotion and vacancy sharing [1]. In par-
ticular, for collision partners with matching of their
K and L energy levels, the dominant process of in-
ner shell vacancy production is the ionization of the
highly promoted 3do molecular orbital (MO) at small
inter-nuclear distances followed by the sharing of the
primary vacancy among the K- and L- shells of the
partners [2]. The ionization of the 3dc MO has been
successfully interpreted within Briggs model [3]. Stud-
ies of the impact parameter dependence revealed the
contribution to the inner shell ionization of other pro-
cesses as direct excitation of the 2ps,,0 MO. Due to
the the copious production in these collisions of multi-
ple ionization of the outer shells, the extraction of in-
ner shell vacancy production cross sections from the X-
ray yields is influenced by the modifications of the flu-
orescence yields and relative decay widths. We report
cross section values corrected for these multiple ion-
ization effects. A model calculation within the Briggs

model [3], which uses the SCA-UA computer code of
Trautmann and colab. [4], gives a fairly good agree-
ment with the experimental data of 3de MO vacancy
production for the collision Ni+Bi as in Fig.1. The va-
cancy sharing probabilities for one set of the collision
systems studied here are given in the Fig 2. For a two-
state problem, the sharing probabilities were described
by the exponential model of Nikitin [5]. The Nikitin’s
transition probability at zero impact parameter can
be approximated to a few percent by an exponential
dependence in function of reciprocal collision velocity.
As shown by data, in the measured velocity range,
only for the Mn + Bi collisions the sharing probabil-
ity has the predicted dependence, while for the other
cases the better is the K-L level matching, the larger
is the difference from an exponential behavior.
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Figure 1: Ionization cross sections of the 3do molec-
ular orbital transiently formed during the collision
Ni+Bi in dependence of bombarding energy. Values
corrected (full symbols) and uncorrected (open sym-
bols) for multiple ionization effects are given. The
solid curve gives the predictions of SCA-UA model [4]
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During the propagation of cosmic rays in the at-

mosphere by the interactions with atmospheric nuclei, Direction (py) [GeV/c] (©) [] R(u"/p~) AR
pions and kaons are produced, which subsequently de- East 0.32 35 0.87 0.02
cay in muons and neutrinos: Considering the decay 0.36 35 0.88 0.02
chains, it is obviously that the ratio of positive to neg- 0.49 35 0.88 0.02
ative atmospheric muons, called the muon charge ra- West 0.32 35 1.49 0.04
tio: R, = pt/pu~ maps the neutrino production and 0.36 35 1.52 0.04
carries information on the hadronic interactions, used 0.49 35 1.46 0.04

in the calculations of atmospheric neutrino. Measure-
ments of the charge ratio of atmospheric muons at
low energy reveal information of interest for the at-
mospheric neutrino anomaly [1].

Measurements of EAST-WEST effect of the muon
charge ratio, allow to check different models for the
hadronic interaction and investigate the influence of
the Earth’s magnetic field [2].

The WILLI detector (Fig.1), built in IFIN-HH
Bucharest measures the charge ratio by the effective
life-time of the stopped muons. While positive muons
make a free decay with natural life, negative muons
built muonic atoms, leading to a shorter life time of
negative muons [3].

The measured decay curve of all muons is a su-
perposition of several decay laws [3, 4], containing 3
detector dependent constants, accounting for the stop-
ping power in the materials and the detection efficien-
cies, which are determined by extensive detector sim-
ulations using GEANT.

The investigation of the directional dependence of
the muon charge ratio has been started with mea-
surements in the East and West direction at a mean
zenithal angle of 35°.

Introducing the azimuthal anisotropy Agw = (Rw —

REg)/(Rw + Rg) with Ry and Rg being the muon
charge ratios measured in East and West direction,
the preliminary results show a pronounced East-West
effect [5].

Figure 1: WILLI

References

[1] Y. Fukuda et al., Phys. Rev. Lett. 81 (1998) 1562;
Phys. Lett. B436 (1998) 33

[2] J. Wentz et al., J. Phys. G: Nucl. Part. Phys. 27
(2001) 1699

[3] B. Vulpescu et al., Nucl. Instr. Meth. A414 (1998)
205



Nuclear Physics

[4] B. Vulpescu et al., J. Phys. G: Nucl. Part. Phys
27 (2001) 977

65

[5] B.Mitrics, Diploma Thesis (2002)

Preshower detector and the DIRAC experiment (CERN)
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The main goal of the DIRAC Experiment at CERN
[1] is to measure the lifetime of 7tn~ atom (pi-
onium), of some fsec, with 10% precision. The
Preshower Detector (PSh) [2] is a subdetector de-
signed, commissionned and used in DIRAC Experi-
ment by the NIPNE-HH Bucharest group. It is in-
cluded in the main DIRAC trigger system and along
with the Cherenkov Detector, it provides the elec-
tron/pion separation.

The pionium is produced in proton (24 GeV) inter-
action with N¢ or T target. The resulted pion pairs
from primary interaction, can form a 7t7~ bound
state by Coulomb interaction in the final state, if
the relative distance between 7 and 7~ is of order
~ fm. The relativistic pionia, moving in the tar-
get, can breakup, giving raise to the so called ” atomic
pairs”. These characteristic 717~ pairs, with low rel-
ative momentum (Q < 2MeV/c), are the main signals
the DIRAC Experiment is looking for. The ratio be-
tween the produced ”atomic pairs” N4 and Coulomb
pairs N¢ is a model-independent value.

From the experimental point of view, the ”atomic
pairs” must be separated off other real pairs (real co-
incidences) comming either from correlated pairs by
Coulomb interaction in the final state or from particle
decays. They can be distinguish by specific relative
momentum distributions.

To separate such different processes in the presence
of a high ete™ background, DIRAC uses a multilevel
trigger system [3]. The PSh is included both in the
fast TO pretrigger, in the first level trigger T1, and
also in the highest neural network triggers DNA and
RNA.

In offline data analysis the PSh Detector is using
to reject especially the high electron background. This
function requires a throughout amplitude analysis. In
such a way it has been done the PSh Detector sig-
nal alignment. This includes the study of amplitude
dependence on detector slab inhomogeneities, particle
impact position and some external influences, both for

pion and electron signals. Finally, we found a linear
correction for PSh amplitude: A = (A4 +a) X b, for
each ADC channel.

During 2001 runs at the CERN Proton Synchrotron,
DIRAC performed about 6 months successfull data
taking with fully operating experimental apparatus.

Preliminary analysis of the 2000 and 2001 statis-
tics has lead to the identification of 4920 + 270 and
1830+ 160 ”atomic pairs” coming from the breakup of
pionium atoms in N4 and T'i target, respectively.

From the detected signals a determination of the
pionium lifetime was performed. The preliminary re-
sults, including only statistical errors, are presented in
Fig. 1. A rough estimation of the pionium lifetime
gives 7 = 2.8%( 4 x 10719 sec.
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Figure 1: Estimated pionium lifetime



66

References

[1] B. Adeva et al. - DIRAC Group, Proposal to the
SPSLC, Lifetime measurement of m¥ 7~ atoms to
test low energy QCD prediction, CERN/SPSLC
95-1, SPSLC/P 284 (1995).

[2] H. Bozdog, Gh. Caragheorgheopol, M. Pentjia,
V. Zoran, S. Trusov, Preshower Scintillation De-
tector for DIRAC Experiment (experimental re-
sults), DIRAC Note 98-03, 25 Feb. 1998.

Nuclear Physics

[3] L. Afanasyev, et al., The Multilevel Trigger Sys-
tem of the DIRAC Experiment, e-print archive:
hep-ex/0202045.

[4] P. Kokkas et al. (DIRAC Collaboration), Dime-
son lifetime measurement with DIRAC at CERN,
Proc. Int. Workshop on Chiral Fluctuations in
Hadronic Matter, 26-28 September 2001, INP Or-
say [France].

Algorithms for reconstruction of shower core and arrival direction
of extensive air showers

G. Toma'!, .M. Brancus!, J. Wentz?2, B. Mitrica®l, B. Vulpescu':®, M. Petcu', H. Bozdog*, H. Mathes?2,
H. Rebel?, F. Badea!?, A. Bercuci!:2, C. Aiftimiei!, M. Duma'

! National Institute of Physics and Nuclear Engineering - Horia Hulubei
2 Forschungszentrum Karlsruhe, Institut fiir Kernphysik
3 Universitit Heidelberg, Physikalisches Institut
4 Forschungszentrum Karlsruhe, Institut fiir Reaktorsicherheit

Two important observables that describe extensive
air showers are the center of particle distribution in
the shower front(the center of gravity of the particle
distribution) and the arrival direction (the zenital and
azimuthal angle of the shower axis) [1].

A program was made that, using results given by
CORSIKA simulations, reconstructs the center of the
EAS front and the arrival direction as well. The pro-
gram uses different algorithms and also a study of re-
constructing efficiency has been done for each algo-
rithm or even for the same algorithm relative to where
an extensive air shower hits the detector array. As
geometrical model for the detector array, the KAS-
CADE - Grande detector array (Karlsruhe, Germany)
has been used [2].

The reconstruction of the center of the shower front
has been done by using an algorithm that calculates
the center of gravity of particle mass distribution in
detectors. A good reconstruction efficiency has been
achieved for showers hitting near the center of the ar-
ray and also an increase in the reconstruction error
as the shower front hits the array closer to the border.
The arrival direction reconstruction algorithms used as
imput data the arival time of particles in detectors and
approximated the shower front with a plane, a conic
or a spherical surface. Efficiency of these algorithms
has also been studied [3].
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1. The problem

The charge ratio of the atmospheric muons is a
quantity sensitive to hadronic interactions of cosmic
rays and to the influence of the geomagnetic field. Ex-
perimental information is of current interest for tuning
models used for the calculation of atmospheric neu-
trino fluxes [1]. We are performing measurements of
the charge ratio based on the observation of the life-
time of the muons stopped in the absorber layers (alu-
minum support) of the detector WILLI, mounted in
a rotatable frame and installed in IFIN-HH Bucharest
(vertical geomagnetic cut-off rigidity of 5.6 GV) [2, 3]

2. The results

Our method to determine the muon charge ratio by
measuring the lifetime of muons stopped in the mat-
ter, overcomes the uncertainties appearing in measure-
ments based on magnetic spectrometers, which are af-
fected by systematic effects at low muon energies, due
to problems in the particle and trajectory identifica-
tion. The results obtained with the rotatable WILLI
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detector, inclined at 45° [4, 5] (i.e. a mean zenith
angle of detected muons of 35°) show a pronounced
east-west effect, in good agreement with simulation
results of CORSIKA. The values of the asymmetry
of the charge ratio decreases from 0.25 to 0.20 in the
muon momentum range of 0.35-0.50 GeV/c, relevant
to the atmospheric neutrino anomaly [6].
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Figure 1: Energy dependence of the east-west effect in the muon charge ratio.
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The lateral distributions of EAS particles has been
investigated using CORSIK A simulations for 150 show-
ers initiated by H, C and Fe primaries for the energy
10%eV[1]. In order to express the variation of the lat-
eral density of particles, a generalization of the NKG

function has been used [2]:

A= R%C(a,n) (R%)_a (1 +

R%) —(n—a)

C =T(n—a)2n02 - a)T(n — 2)]

and

A — the particle density at a distance R from the

shower axis
N

electrons and muons)

Ry
92m for this study
R - radius

o, 1 - two parameters.

- the shower size (in our case the total number of

- Molliere radius; Ry has been given a value of

-2

Particle * m
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Figure 1: Lateral density distribution fit for a shower

initiated by proton.
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A suitable set of parameters a and 7 is expected
to describe rather accurately the lateral density distri-
bution from distances of a few meters to several kilo-
meters from the shower axis, see Fig.1.

Also the 1 parameter is expected to be primary
mass sensitive, see Fig.2.
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By QENS performed on ZrHg ; the rapid H diffu-
sion was first time observed in Zr hydrides. The model
interpretation of the experimental data provided the
characteristic parameters of such a process, the mean
residence time 7 and the jump length 1. The depen-
dence of 7 plotted on a logarithmic scale against in-
verse temperature (Fig.1) yields according to

T = 1oexp(E, /kpT) (1)

an activation energy E,=48 meV for the proton jumps
between the available positions.

Ea =48meV
)
=
o
1 - -
1.5 2.0 2.5 3.0 3.5 4.0

T' [10° K]

Figure 1: The temperature dependence of the mean
residence time for the jump diffusional process of the
protons in Zr lattices

Such a very low value for the activation energy of
a H diffusional process in a metallic lattice was re-
ported by QENS only for hydrogen in vanadium [1].

Although the rapid H diffusion is usually activated by
lower energies than the long-range translational dif-
fusion nevertheless, the typical values stand around
100-200 meV. The rapid H diffusion in Zr was never
observed so far and it is worthy to mention that in
case of V-H system such a process was also measured
by other methods, like ’Gorski’ effect (the anelastic re-
laxation) [2]. Trying to explain this effect in case of
Zr-H system we will deal with the Debye-Waller factor
exp{—Q? < u? >} that accounts for the form factor
given by the vibrational motions of the proton at the
interstitial site with the mean square amplitude given
by the two kinds of vibrations the proton performsin a
metallic lattice, the high-frequency localized modes in
the range of the optical phonons and the band-modes
within the range of the host lattice acoustic phonons

< U2 >=< U2 >pand + < U2 >local (2)

Generally, assuming that < u? >pana=< u? >post ONE
gets

<u?>= h/2Mpwiee + 3k‘BT/MhOStw%) (3)

where fiwp is the maximum energy (Debye limit) of
the lattice vibrations, hwj,. is the energy of the pro-
ton local vibrations and kg represents the Boltzmann’s
constant. For this system low-energy vibrations addi-
tional to the lattice dynamics were reported by INS
[3]. This effect was attributed entirely to the presence
of H and from a parallel analysis of the INS and QENS
results obtained so far we are inclined to think that it
strongly influences the diffusional process. According
to [4] the band modes give an important contribution
to the thermal mean-square displacement of the H and
leads to activation energies for a jump diffusional pro-
cess distinctly smaller than the excitation energies of
the local modes. The < u? > experimentaly obtained
from the variation of QENS intensity with Q deviates
significantly from the calculated one according to Eq.3.



70

One can conclude that the band modes have a different
contribution to the mean square amplitude than the
host lattice acoustic modes and implicitly, the ratio
Gband < ’LL2 >band /ghost < u2 >host is larger than the
unit in case of this Zr-H system. Thus, the extremely
low activation energy of the rapid H diffusion is as-
cribed to the increased thermal mean-square displace-
ment of the proton due to the additional low-energy
vibrational effect characteristic to H band modes.
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Rapid H diffusion in low concentration Zr hydrides observed by
quasielastic neutron scattering
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2 Hahn-Meitner-Institut, BENSC, D-14109 Berlin, Germany
3 NIPNE-HH, Radioisotope Production Center, RO-76900 Bucharest, Romania

Many efforts were dedicated in the past to study
the diffusive motions performed by the proton in dif-
ferent Zr host lattices either by NMR, internal friction
measurements, °N nuclear reaction method or me-
chanical spectroscopy. Nevertheless, the microscopic
diffusion mechanism is still not exactly known. No
QENS (quasielastic neutron scattering) investigation
was reported so far on a low H content Zr hydride.
Such a technique offering a powerfull probe for the
simultaneuos measurement of both the time and the
space development of the elementary step in the dif-
fusion process could bring more usefull information to
complete and clarify the H or D diffusion in Zr hy-
drides and deuterides. Information in this regard is
obtained from a study of the detailed shape of the neu-
tron scattering function at small energy transfers and
over a range of wave vector transfers. The width of the
peak centered at zero energy transfer (the 'quasielastic
peak’) is proportional to the jump rate. Information
about the geometry of the interstitial sites over which
diffusing atoms move is obtained from the variation of
the width of the quasielastic peak with the wave vector
transfer Q. By measuring the variation of the intensity
of the quasielastic scattering with wave vector trans-
fer, information is obtained about the spreading out
of a proton due to the thermal motions at the equilib-
rium site. The Chudley-Elliott model [1] applied for
polycrystalline samples gives the width of the QENS

intensity as

r(Q) = (1/7)1 - “”éf”] (1)

where | is the jump length and 7 the mean residence
time. In the low-Q limit an expansion of this in terms
of (Ql) provides the self-diffusion constant Dg by
QP _
rQ) = 6 = Q"Ds (2)
A microscopic study of the diffusive motions was per-
formed by QENS on a ZrHg ; sample prepared in such
a manner in order to obtain the ~-hydride as a preva-
lent phase. The measurements have been carried out
at 293, 511 and 538 K by using the NEAT time-of-
flight (TOF) spectrometer [2] set-up at the BERII
reactor of the Berlin Neutron Scattering Center. De-
tails about the sample preparation and experiments
are reported in [3]. The HWHM of the measured
quasielastic components were plotted as a function of
the squared wavevector transfer (Fig.1) and fitted by
Eq.1 assuming a jumping motion performed by pro-
tons between the interstitial sites. The fitting proce-
dure gives the characteristic parameters of the diffu-
sional process, the mean residence time 7 and the jump
length 1. From the obtained values the self-diffusion
constant Dg was further calculated by using Eq.2.
The very short residence time and accordingly,
the very high self-diffusion constant (comparable with
those for diffusion in liquids) are typical for the rapid
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H diffusion in a metallic lattice. So far, such a process
was observed in Pd-H, Nb-H, V-H and Ta-H systems
by QENS [4].
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Figure 1: The exeprimental width of QENS line vs. Q2
at 293 and 539K. The continuous lines represent the
fitting of the data according to Eq.1 while the dotted
lines denote the DgQ? law (Eq.2).

Asymmetric magnetization reversal on exchange biased CoO/Co
bilayers
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The exchange bias (EB) phenomenon is associated
with an exchange coupling between a ferromagnetic
(F) and an antiferromagnetic (AF) layer across their
common interface, resulting in an unidirectional mag-
netic anisotropy and a shift of the magnetic hysteresis
by an exchange bias field Hgp [1]. A remarkable
effect related to the exchange bias is the asymmetry of
the magnetization reversal, which is best revealed by
neutron scattering [2].

Fig. 5a shows the magnetic hysteresis loop mea-
sured by MOKE (Magnetico-Optical Kerr Effect) at
T=50 K, after cooling the sample
(CoO(304)/Co0(2004)/Ti/Cu/Al;03))in an applied
field of +2000 Oe. Upon descending the field for the
first time to negative values, an abrupt magnetiza-
tion reversal is observed at the coercivity field H,;.
Ascending again to positive field values, the magneti-

zation curve at H., is more rounded. In subsequent
cycles the magnetization curves at H.; and H.; are
of about the same shape characterised by Hgp = 30
Oe and H, = 200 Oe. From these measurements we
conclude that the first magnetization reversal of the
virgin sample after field cooling is conspicuously dif-
ferent from any subsequent ’trained’ reversals.

In order to gain more insight into the reversal
mechanism in decreasing and increasing magnetic fields,
we have performed polarized neutron reflectivity (PNR)
measurements on Co/CoQ bilayers, using the angle
dispersive neutron reflectometer ADAM at the Insti-
tut Laue-Langevin, Grenoble with a fixed wavelength
of 4.41 A.

We first discuss the specular spin flip(7; — and I_)
intensities shown by triangles in panels (b) and (c) of
Fig. 5. They were measured at the scattering vector
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@ corresponding to the neutron resonance peak near
the critical edge. The magnetization reversal at Ho
exhibits strong spin-flip intensities I, _ and I_;. This
is always observed for rounded or ’trained’ hysteresis
loops and is characteristic for a magnetization reversal
via rotation. Magnetization reversal by rotation pro-
vides a large magnetization component perpendicular
to the field or polarization axis, giving rise to neutron
spin-flip process. Vice versa, the rather low spin-flip
intensities, which are observed during the first magne-
tization reversal in the virgin state at H.; are indica-
tive of pure 180° domain wall movement. The step like
intensity change at H.; =-750 Oe [ Fig.  5e] is fol-
lowed by a steady decrease as the system approaches
saturation. From these features it is obvious that do-
main wall nucleation and propagation let the magnetic
spins at the interface canted away from the applied
field direction. The non spin-flip (I and I__) inten-
sities(circles) are measured at another Q, close to the
total reflection edge. They provide similar information
as MOKE or SQUID. For more details see Ref: [2].

This work is supported by SFB 491.
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Figure 1: (a) MOKE hysteresis loop of a CoO/Co bilayer
after field cooling to 50K in an external field of 2000 Oe.
The black dots denote the first hysteresis loop, the open
circles the second loop. Any further loops are not sig-
nificantly different from the second. (b) and (c) Neutron
hysteresis loops from the same sample but at 10 K. I ++,
I-, I+- and I-+ are non-spin flip and spin-flip intensities as
a function of external magnetic field. They are measured
at special scattering vector values of the reflectivity curves
(see text);(d) Off-specular diffuse spin-flip scattering taken
at Hc1=-750 Oe (full dots) and in saturation at -1400 Oe
(open dots). (e) Specular spin-flip at Hcl enlarged from
panel (b) for better recognition.

Neutron scattering investigation of the local vibrations in transition
metals

I. Pidureanu?!, D. Aranghel!, Remy Khan?2
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2 CEA, Laboratoire Leon Brillouin, Saclay, France

In this paper a study by inelastic slow neutrons
scattering (INS) of the local vibrations of hydrogen in
titanium based alloys containing vanadium and car-
bon is presented. The understanding of dynamics of
the structure and lattice dynamics of a solid solution
of hydrogen in transition metals as well as the rolle of
tunnel sppliting have received great attention within
the last two decades. At present these are the focus of
an important number of experimental and theoretical

investigations [1, 2]. It has been found in the earlier
studies [3] and references therein that the solubility
limit, for instance in niobium increases by substitu-
tion alloying with titanium, vanadium, chromium and
molybdenum. Another question is whether the type
of interstitial site changes in the presence of additional
guest or impurity atoms. However it was found that
hydrogen in niobium still occupies tetrahedral inter-
stitial sites in the presence of the guest and impurity
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atoms mentioned [4]. The exception is substitutional
molibdenum. In the present experiment firstly we are
following to determine the energies of the local vibra-
tions of hydrogen in the mentioned samples. The INS
is suitable for the study of interatomic interactions in
solid solutions. The local modes of hydrogen have fre-
quencies above the boundary of the host metal spec-
trum. In this case the positions of the local modes can
give informations about the metal interstitial poten-
tials and site positions. The changes in metal-metal
interactions can be derived from the acoustic part of
the INS spectrum, while the width of the local modes
gives informations about interstitial - interstitial in-
teractions in the solid solutions. Here we report the
preliminary results obtained from an INS experiment
performed al LLB, Saclay by means of time of flight
spectrometer MIBEMOL set up at ORPHEE reactor.
In Fig.1 is shown the INS spectrum for a scattering an-
gle ©® = 137 measured with an incident neutron beam
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on the sample having the energy E, = 3.025meV. The
energies corresponding both to the host lattice atom-
ics vibrations and to the hydrogen bount in the host
lattice are indicated by arrows in the figure. Now the
processing of the data is in progress and the final re-
sults we presented in a forthcoming paper.
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Figure 1: Hydrogen vibration spectrum in TiVC alloy
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Neutron scattering investigation of superconducting ceramics
Bil1.6Pb0.4Sr1.8Ba0.2Ca2Cu30x

I. Pidureanu?!, R. Lechner2, D. Aranghel!, A. Ridulescu®-3, J. Pieper?2

L NIPNE-HH, Department of Nuclear Physics, Romania
2 Hahn-Meiter-Institut Berlin, BENSC, Germany
3 Institut fur Festkorperforschung, Forschungszentrum Julich, Germany

The main purpose of this report is to present a
short description of the experiment and of the prelim-
inary results obtained from the slow neutron scattering
measurements on a high temperature superconduct-
ing material taken on the time of flight spectrometer
NEAT of BENSC. This spectrometer has been success-
fully used to obtain the results presented in the papers
[1], [2]. In this study we have used cold neutrons with A
=5.1 A and a resolution AE=98ueV,(full width at the
half maxim of the elastic line of a vanadium sample)
The scattering spectra were taken with 140 detectors
in a large angular range 15.41° < © < 134.5°.

All runs were measured within the temperature
range 100K-300K. The final data are obtained at 28
scattering angles as a function of the energy trans-
fer for 4 temperatures (100K,110K,130K and 300K)
The preliminary data presented in Fig.1 for 3 temper-
atures at 300K,110K and 100K corresponding to the
normal, transition and respectively to the supercon-
ducting state are analysed in terms of the generalised
phonon frequency distribution(GFD). The preliminary
conclusions could be summarised as follows:

- GFD obtained from an averaging over the final
scattering vectors within a large range of scat-
tering angles (Bredov and Oskotskij method) at
3 temperatures are presented in Fig .1 ;

- Well resolved peaks at 5.57meV, 10.43meV,
19.38meV, 29.68meV, 67.42meV and 109.48 meV
were observed in GFD at 300K, 5.21meV,
10.39meV, 24.51meV, 45.42meV, 59.5meV, and
69.29meV at 110K and 5.7meV, 10.26meV,
20.46meV and 44.44meV at 100K;

- The presence of the first three excitations includ-
ing the first soft mode at 5.2 &+ 0.5meV for all
temperatures during the transition from normal
to the superconducting state;

- A strong temperature dependence of the high en-
ergy limit of the frequency spectra.
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Figure 1: Temperature dependence of the generalized
phonon density of states
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Spin-resolved off-specular neutron scattering from magnetic
domains using polarized 3He gas spin filter
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The 3He spin filter was recently used for first
time [1] to measure diffuse scattering from thin films.
The device itself is a cylindrical cell 100 mm in length
and 50 mm in diameter, filled with polarized 3He gas.
After filling, the polarization is usually 65 % and it de-
cays to about 58 % in 24 hours. The transmission of
the neutrons through the filter is spin-dependent with
the following cross-sections: o44+=>5 bn and o4;=3000
bn. In order to record all four (I++, I+-, I-+, I- -
) scattering neutron cross-sections the experimental
setup includes, as well, two Mezei spin flipper placed
before and after the sample. The advantage of using
the ®He analyser is that one is able to register spin
analysed diffuse scattering for a broad range of exit
angles. However, there are drawbacks as well, namely
that the intensity is quite reduced and that the flipping
ratio seems to be low. We have successfully overcame
these difficulties by using an enhancement technique
provided by the neutron resonator.

The neutron resonances in thin films [2] can be
generated in two different ways: one is in the total
reflection region of a neutron resonator and the other
way is in a single film, just above its critical edge(in
Kissing fringes region ). In both cases the neutron
density in the system is enhanced for definite incident
neutron energies and one uses this phenomenon to in-
crease the measurement sensitivity to magnetic and
nonmagnetic inhomogenities, and to noncollinear mag-
netic spin arrangements at the interface. In our case
we used the neutron resonator to study the scattering
from magnetic domains in a CoO(304)/C0(2004) ex-
change biased bilayer. The measurements are made at
EVA (ILL-Grenoble).

The bilayer was grown on a T'i/Cu/Al2O3 neutron
resonator template. The system is cooled in an ap-
plied magnetic field of H, = +2000 Oe through the
Neel temperature of the ferromagnet to 10 K where
the applied magnetic field H, is swept as to measure
the magnetic hysteresis loop. After the the second
magnetisation reversal (H.o = +230 Oe), the system
is supposed to aproach the original magnetic configu-
ration. In order to proove that this is not the case for
our exchange biased bilayer, we have measured four
off-specular maps I++, I+-, I-+, I- - [Fig. 5] at
H, =~ +370 Oe, where the magnetic spins were mostly
reversed.

These PSD maps show a striking behaviour in the
total reflection region: while the nonspin-flip scatter-
ing shows no diffuse reflectivity the spin-flip scatter-
ing exibits strong diffuse scattering at incident angles
which satisfy the resonance conditions [2]. Moreover
the spin-flip offspecular part of the reflectivity is asym-
metric. The I-+ is scattered at higher exit angles
than the specularly reflected neutrons, and the I+-
is scattered at lower angles. Their intensity is differ-
ent and there is a splitting of the resonance positions
(a;), which will be described in details in a fothcoming
paper.In saturation the diffuse scattering reduces dras-
tically. Thus, we conclude that the magnetic domains
are responsible for the effect we described above.

Figure 1: Off-specular scattering maps. The sample
was cooled in an applied magnetic field of FC=+ 2000
Oe. At T=10 K the histeresys loop was measured and
the sample was set in a field of H, = +370 Oe, which
is close to the second coercive field (H2 = +230 Oe).

This effect opens a door towards the small angle
neutron scattering studies of magnetic and nonmag-
netic thin films. The sensitivity to clusters, porous me-
dia, interface spin misalignment, magnetic domains,
vortices, and inhomogenities in general is remarkably
high. This work is supported by SFB 491.
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Fusion yield for atomic clusters incident on a fusion target

Silviu Olariu!

I NIPNE-HH, Department of Nuclear Physics

We studied the fusion gain for the center-of-mass
collision of two clusters of radius r, particle concen-
tration n and incident velocity v. We have assumed,
as previously, that as a result of the impact of the
two clusters a region of hot plasma is created of tem-
perature T, expressed in keV, the radius of the re-
gion being 2'/3r. The gain has been evaluated as
G = n{ov)(r/vr)(Eq/3T)[1 + (Z1 + Z2)/2]™", where
Zy and Zs are the charges of the reacting nuclei, and
Eq is the energy released in a fusion process. It will be
assumed that the particle concentration n is that cor-
responding to the normal, uncompressed state of the
incident clusters. The gain G has been represented in
Fig. 1 for DT processes as a function of the plasma
temperature T' for several values of the radius r, us-
ing n = 4.5 x 10*? particles/cm?®, Eg=17.6 MeV. Due
to the relatively large values of (ov) for the DT fusion
processes, it can be seen from Fig. 1 that a gain G =1
could be achieved for incident clusters having a radius
of the order of r=1 mm, for a plasma temperature
of the order of 20 keV. In this model, the gain de-
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Figure 1: Gain G for DT processes as a function of the
plasma temperature T for several values of the radius
7, using n = 4.5 x 10?2 particles/cm?, Eg=17.6 MeV.

creases linearly with the radius r. The gain parameter
G has been also calculated for p''B fusion processes,
for n = 3.34 x 10?3 nuclei/cm3, which corresponds to
BoH;5, and Qr=8.68 MeV. The p''B fusion process
is in principle interesting, and the maximum gain for
the p!'B processes occurs for a plasma temperature T
around 200 keV. We have calculated the radius of the
clusters for which the gain is G=1 as a function of the
plasma temperature 7', for various possible fusion pro-
cesses. The most suitable process for the production
of fusion reactions by cluster impact remains the DT
reaction, both as regards the dimensions of the inci-
dent clusters and as regards the incident energy per
nucleon, with the p''B reaction sensibly far behind,
but still interesting. In Fig. 2 we show the incident
energy required in the center-of-mass system to obtain
a gain G=1 at a plasma temperature T by cluster im-
pact. The requirement on the incident energy for G=1
by uncompressed cluster impact is of about 1 MJ for
DT reactions, and is very much larger for the other
fusion processes.

10% G=1

1 10 100 1000

T, keV

Figure 2: Incident energy required in the center-of-
mass system to obtain a gain G=1 at a plasma tem-
perature T by cluster impact.
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A dedicated beam line for Rutherford back scattering analysis at
the IFIN-HH cyclotron

E.A. Ivanov!, D. Dudu!, D. Plostinaru®, D. Catana®, I. Vata!
L NIPNE-HH, Cyclotron

Rutherford back-scattering technique (RBS) is an
analytical tool that uses elastic scattering of 1-5 MeV
charged particles to analyze the surface and the outer
few micrometers of solids. IFIN-HH RBS system con-
sist: U-120 Cyclotron, dedicated beam line and scat-
tering chamber with sample manipulators and particle
detectors. In our RBS system the samples are bom-
barded with 2-5 alpha particles accelerated by U-120
Cyclotron (in 3-rd subharmonic regime) and the scat-
tered particles are detected by surface barrier detec-
tor. The signal from the detector is processed by com-
mon nuclear electronics and the particle energy spectra
are stored in a computer based multichannel analyser.
The data evaluation is accomplished using standard
procedures and computer codes. The necessary vac-
uum inside chamber is obtained with an oil-free turbo
pump. The beam spot dimension on the target is 1x1

mm The standard measurement are done at ©=165°.
The samples are electrical isolated and can be rotate
around a vertical axis. The advantage of the RBS
technique lies in the quantitative analysis of major and
minor constituents lying in the first 0.5 to 2.0 microm-
eters of a material. Depending on the sample struc-
ture and composition, the detection limits vary from
10! to 10'® at. cm™2 for heavy and light elements
respectively. The depth distribution of constituents
can be reconstructed with a depth resolution of 10-
20 nm. The RBS technique is non-destructive since
the erossion and the radiation degradation of the sam-
ple material by the particle impact is negligible. The
most extensive use of the RBS technique is in the field
of electronical and optical materials, special coatings
(Fig. 1) and in the study of various physico-chemical
processes on the solid surfaces.
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Figure 1: RBS spectra obtained at IFIN-HH Cyclotron (SiON/c-Si and implanted O in c¢-Si)
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Neutron degradation of UV enhanced optical fibers for fusion
installations plasma diagnostics
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The design of ITER and the future operation of
DEMO will require high-temperature, high-neutron
flux materials to be used in plasma diagnostics, sub-
jected to ITER requirements. A solution for re-
mote plasma diagnostics implies the operation of var-
ious optical instruments placed apart from the critical
temperature-neutron zones, with the optical
signal transmitted over optical channels, for a reduc-
tion of radiation effects on the equipment, and a higher
immunity to electromagnetic disturbances. Generally,
data are available on the radiation effects on optical
fibers used in communication applications or for trans-
mission in the visible range. A special problem arises
when optical signals have to be transmitted in the UV
region (200 nm to 450 nm), where attenuation over the
distance is quite high (in the range of several meters),
and the UV radiation by itself produces an increase of
the attenuation upon several hours of exposure. Un-
til now, practically no data on the radiation effects on
optical fibers for fusion plasma diagnostics, operating
in UV were published.

In the frame of the EU’s funded Fusion Pro-
gramme, we focused on the evaluation of radiation in-
duced
changes in the optical transmission for different com-
mercially available optical fibers, for their possible use
in optical light guides. Pure silica optical fibers with
an UV enhanced response, with various cladding/jacket
materials, and core diameter of 200 pm and 400 pm
were evaluated, as they are subjected to neutron irra-
diation. The optical fiber core was of a high hydroxyl
content type, and the coating was either Polymide or
Al. Optical fibers with low (150°C) and high (350°C)
temperature jacket materials were investigated.

The optical fiber samples were irradiated at fast
neutron facility of the IFIN-HH U-120 Cyclotron. The
neutron flux at 0° (i.e. in the beam direction) was
found to be equivalent to 2.13 x 10® n/cm?.s. pA, at
10 cm distance from Be target. The neutron energy
spectrum shows a mean energy of 5.2 MeV. The neu-
tron and gamma components of the mixed radiation
field give rise respectively to 138Gy /C and 2.38 Gy/C
at 90 cm distance from Be target. The irradiation
steps used correspond to about 6 x 10!° n/cm?.

For the evaluation of the optical transmission degra-
dation in optical fibers we developed a set-up enabling:
a - the investigation on optical transmission of UV
enhanced optical fibers, in the spectral range 200 -
400 nm, with spectral resolution of 1.5 nm, and 12
bits amplitude resolution of the transmission readings;
b - the evaluation of temperature influence on optical
transmission of optical fibers. The set-up is based on
a CW stabilized deuterium source, a miniature, multi
channels optical fiber spectrometer coupled to a PC
via the USB link, and a programmable oven operat-
ing under the PC control. As the assessment of the
optical transmission in optical fiber for the UV region
is very difficult to carry out (source efficiency is very
low, UV solarization effects in sampling probes are
quite high, detection noise is significant in the CCD
array) signal averaging and box-car smoothing were
used for data processing. All the measurements were
done off-line, at room temperature, between the irra-
diation steps. Absorption picks were observed for all
the optical fibers at about 230 - 250 nm, with an am-
plitude increasing with the neutron flux. We noticed
some absorption related recovery phenomena, induced
by the fiber heating, even at 100 - 120°C.
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Study of the beam transport from the ion source to the stripper in
a Tandem accelerator using Simion

Albert Olariu?!
L NIPNE-HH, Department of Nuclear Physics

We study the beam transport from the ion source
to the stripper in a Tandem accelerator using Simion
7.0. Simion is a program which basically calculates
electric potentials of elementary points of a volume
influenced by different electrodes[1].

The ion source (fig. 3a) is considered point-like,
and the beam is considerred to have a divergence of 1
percent. The beam direction makes a 20° angle with
the axis of the accelerator tubes and also is perpen-
dicular to the entrance surface of the inflector magnet
(fig. 3b). We have taken negative ions of atomic mass
1, charge —e and energy of the order of tens of keV, a
tipical preacceleration energy.

are inclined-field tubes, with rectangular plane elec-
trodes having their normal inclined to the tube axis.
This inclined-field structure serves to sweep nonbeam
charged particles out of the accelerating region soon
after their formation and to reduce the probability of
regenerative multiplication. Each accelerator tube has
99 electrodes. Electrodes 1,2,3, 13, 32, 56, 84, 99 are
straight, while the other electrodes are slightly inclined
at +6° or -6° in alternating regions. The distance be-
tween 2 neighbouring electrodes is 2,54 cm, the voltage
on each electrode is applied with the help of a resistive
divider chain.

Figure 1: Einzel lens with trajectories.

The inflector magnet is modelled as a region with
constant magnetic field. The strength of the field was
adjusted to give a 20° deviation of the beam.

Figure 1 shows a 3D view of the Einzel lens. It
consists of 3 cillindrical electrodes. The central elec-
trode is at negative potential of the order -10 kV and
and the outer electrodes are connected to the ground.

Figure 2 shows a 3D view of the second accelerator
tube in the low energy stage. The accelerator tubes

Figure 2: The first electrodes of the second accelerator
tube with trajectories.

The stripper (fig. 3f) has a diameter of 5 mm.

The entire workbench is shown in Figure 3. The
objective of the study is to maximize the beam current
throught the stripper by adjusting the voltage on the
Einzel lens.

Acknoledgements. I wish to thank Dr. Sorin
Papureanu, Dr. Gh. Cata Danil and Dr. Serban Do-
brescu for discussions and support.
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Figure 3: 2D view of the entire workbench.

Complementary techniques based on RBS and UV-Vis reflectance
spectroscopy on the characterization of insulated layer deposited on
C-Si

D. Dudu!, M. Bercu?, R. Muller2, B.N. Bercu?, C. Moldovan?, E.A. Ivanov'!

LNIPNE-HH, Cyclotron
2 Faculty of Physics, University of Bucharest
3 National Research Institute on Microtechnology

Abstract.

The insulated layers deposited on c-Si are of great
interest for many applications in optoelectronics and
in the field of chemical sensors using optical effects.
Non-destructive analysis based on complementary tech-
niques as RBS and UV-Vis are used for the character-
ization of SiOs, Si3N; and SiON films. This contri-
bution focuses the capability of coupling optical con-

stants determined by UV-Vis with the RBS data re-
lated to both the width of the insulated layer and its
chemical content. The wave dependency of the real
and imaginary part of the refractive index has been
determined by an extracting procedure from UV-Vis
spectra.

Oral presented at International Conference
” ATOM2002 POLITECHNICA University Bucharest”

Total-reflection X-ray fluorescence analysis

E. Cringanu?!, C. Magureanu?!, O. Constantinescu!
INIPNE-HH, Department of Applied Nuclear Physics

X-ray flurescence (XRF) is based on the irradiation
of a sample by a primary X-ray beam. The individual
atoms hereby excited emit secondary X-rays that can
be detected and recorded in a spectrum. The spectral
lines of this spectrum are characteristic of the individ-
ual atoms, so the sample can be analyzed.

Total Reflection X-Ray Fluorescence (TXRF) is a
variation of energy-dispersive XRF with, however, one
significant difference. In contrast to XRF, where the
primary beam strikes the sample at an angle of about

40°, TXRF uses a glancing angle of less than 0.1°, so
the primary beam is totally reflected.

TXRF is primarily used for chemical micro and
trace analyses. Small quantities of solutions or suspen-
sions are placed on optical flats, quartz glass, serving
as sample supports. After evaporation, the residue is
excited to fluorescence under the fixed small glancing
angle and the characteristic radiation is recorded by a
Si(Li) detector as an energy-dispersive spectrum.
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Figure 1: TXRF instrument

The high voltage for X-ray tube is 40 kV and the
direct current is 1 mA. This generator of X-ray need
to be cooled by a watwr flow.

The linear relationship between the XRF intensity
of an analyte element and its concentration will be
valid if the analyte is part of a small specimen de-
posited on a glass carrier. The plot of the measured net
intensity vs. The concentration of this element gives
a calibration straight line. Its slope is colled absolute
sensitivity. For the determination of relative sensitiv-
ities were used multielement standards solutions.

There were made measurements on lichens in so-
lutions and the resultes were comparable with the re-

sultes obtained by PIXE methods.

Work performed under contract n0.555/2000 in the
frame of the ORIZONT Programme supported by the
Romanian Ministry of Education and Research.
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Dating of two paleolithic human fossils from Romania by
accelerator mass spectrometry
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In this study we have dated two human fossil re-
mains from Romania, by the method of radiocarbon
using the technique of the accelerator mass spectrom-
etry, at the pelletron system of Lund University, Swe-
den. The two skulls are the most ancient dated fossil
remains from our country. 1. Some human remains:
the skull, scapulum and tibia were found in Baia de
Fier in the Women’s Cave, in Gorj county in the
province Oltenia, by Constantin Nicolaescu-Plopsor
in 1952. 2. Another skull was found in Cioclovina
cave, near commune Bogorod, Hunedoara county in
Transylvania, found by a worker at the exploitation
of phosphate deposits, in the year 1941. The skull
arrived at Francisc Rainer, anthropologist, and Ioan
Simionescu, geologist, who published a study. [1].
The lack of stratigraphical observations made very dif-
ficult the cultural and chronological attribution of this
skull. These authors advanced the hypothesis that the
skull belongs to the man of the type Homo sapiens
fossilis. At the same time a number of archaeologists
believed that the skull might belong to a modern man
and having doubts about this matter. In this condition
the dating of the two skulls by the physical analysis is
decisive. Samples of bone were taken from the scapu-
lum and tibia from Woman’s cave, Baia de Fier and
from the skull from Cioclovina cave. The content of
Carbon 14 have been determined in the 2 samples by
using the technique of accelerator mass spectrometry
(AMS), performed at the AMS system of Lund Uni-
versity, in Sweden. Normally, sufficient collagen for
AMS measurements can be extracted from bone frag-
ments with masses of 1 g or more providing at least
5 to 10% of the original collagen content. But in the
situation of the present studied fossil remains, because
of the small quantity of bone samples and at the same
time, the bones being very old, the determination of
radiocarbon in the skulls was difficult. For the prepa-
ration of the bone samples, we have essentially applied
the Longin method [2, 3]. The first step concerns the
extraction of ’collagen’ from the bone structure. We
use the word ’collagen’ to refer to collagen that has
undergone a degree of diagenesis. The next step is
the transformation of the ’'collagen’ into pure carbon
in an experimental set-up. The pure carbon, placed
in a copper holder is arranged in a wheel, together

with 2 standards of oxalic acid and anthracite. The
wheel with the samples and standards is put into the
ion source of the accelerator. The central part of the
Lund AMS system is a Pelletron tandem accelerator.
The accelerator is run at a terminal voltage of 2.4 MV
during AMS experiments. The particle identification
and measuring system consists of a silicon surface bar-
rier detector of diameter of 25 mm. Each sample is
measured 7 times. The precision of the measurements
is around 1 % . From the processing of the data one
obtaineed the follwing results:

Baia de Fier LuA-5228 30150 £800

Women’s cave years BP
Cioclovina cave LuA-5229  29000+£700
years BP

The analysis of the fossil remains from Baia de Fier
and Cioclovina cave by radiocarbon using the AMS
technique have demonstrated that the remains are very
ancient and could be attributed to the period of upper
Paleolithic period, the Aurignacian. On the basis of
the dating of the fossil remains presented in this study,
a future cultural identification might be possible. In
this way the fossil skulls from Baia de Fier and Cio-
clovina might be associated with other findings of the
same type from the Central and Eastern Europe.
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Charmonium production in proton-nucleus interactions at CERN
SPS
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The study of charmonia production in proton-
nucleus collisions allows the investigation of the ab-
sorption mechanisms of the c¢ state in its path across
the nucleus. A considerable theoretical effort has been
carried out in the past few years in order to interpret
the experimental results available from fixed target ex-
periments at CERN and FNAL energies (/s at 20 -
40 GeV. The results show that the perturbatively pro-
duced c¢ pair neutralizes its colour on a time scale
which, depending on the kinematical variables of the
pair, is of the same order of magnitude, or even larger,
than the time needed for the heavy quark pair to es-
cape the nucleus environment. However, a satisfactory
quantitative description of the time evolution of the c¢
pair until it becomes a colour-neutral charmonium res-
onance is not available until now. Therefore, new data,
relative to charmonium production, can help in con-
straining the model parameters and, more generally,
in testing the validity of the approach used up to now
in the interpretation of p-A data.

Furthermore, the study of the study the J/¥ in
the SPS energy range is interesting as a signature
of Quark-Gluon Plasma. A sizable suppression of
the J/¥ yield has been measured in Pb-Pb collisions
by the NA50 Collaboration [1, 2], as expected if a
phase transition to deconfined partonic matter occurs
in those interactions. In particular, analyzing the high
statistics J/¥ data relative to p-p, p-d, and S-U col-
lisions, it has been shown that the observed yield can
be reasonably explained in terms of a suppression of
this meson exclusively due to hadronic processes. On
the contrary, in Pb-Pb collisions there is an extra
(”anomalous”) suppression that is difficult to explain
with conventional mechanisms. Thus, to obtain high
statistics p-A data on nuclei heavier than deuterium
became a necessity for NA50 Collaboration and jus-
tify the present study concerning the production of
the charmonium resonances J/¥ and ¥ in collisions
induced by a 450 GeV/c incident momentum proton
beam on various nuclear targets.

The p-A data used in this study have been taken
with the standard NA50 dimuon spectrometer de-
scribed in [3]. The data have been collected with a
primary proton beam from the CERN-SPS at 450 GeV
incident momentum. The beam intensity was around
2 x 10® protons/s. Five nuclear targets have been used:
Be, Al, Cu, Ag, W with thickness ranging from 0.34\;
t0 0.5);. About 108 dimuon events have been collected
for each target and analysed with the standard NA50

reconstruction program [3]. In the NA5Q kinemati-
cal domain, charmonium production occurs essentially
through hard gluon scattering. Therefore the produc-
tion cross sections, in absence of nuclear effects, are
expected to scale with the number of nucleon-nucleon
collisions, which for p-A interactions is proportional
to the target mass number A. Such a scaling can be
investigated by considering the production cross sec-
tion per nucleon-nucleon collisions, expressed through
the ratios B,,0,/¢/A and B}, ,09/ /A, where B, are
charmonia branching ratios into muon pairs. In Fig-
ure 1 we present our preliminary results on the J/¥
and ¥’ production cross sections per nucleon-nucleon
collision.
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Figure 1: The J/¥ and ¥ cross sections per nucleon
as a function of A.
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A measurement of the photonuclear interactions of 180 GeV muons
in iron
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Photonuclear interactions of muons y + A — ,u' +
hadrons + X were first observed [1] in 1955. This
mechanism of muon energy loss has an increasing im-
pact on the design and the analysis of several type of
new experiments, and needs a better understanding.

In Large Hadron Collider (LHC) experiments, high-
energy muons are involved in a broad variety of new
physics processes. They traverse substantial lengths
of dense materials, and their experimental signature
must be thoroughly understood in order to identify
them, measure their energy and to take the hadronic
showers accompanying muon tracks properly into ac-
count in the energy flow. In underground experiments,
photonuclear interactions of muons must also be taken
precisely into account because they may produce back-
grounds to rare signals [7].

A measurement of muon photonuclear interactions
in iron was performed using 180 GeV /c positive muons
incident to a prototype module of the ATLAS Tile
Calorimeter [2].

The ATLAS Tile Calorimeter is an iron-scintillator
sampling calorimeter equipped with wavelength-shif-
ting fibre readout. The energy spectrum and the cross
section of photonuclear interactions of 180 GeV muons
in iron were measured at the CERN SPS using proto-
type modules of the ATLAS hadron calorimeter. The
experimental set-up is shown in Fig. 1.

Figure 1: The experimental set-up.

As pointed out in Ref. [3], two separate theoreti-
cal predictions lead to very different expectations: in
particular the more recent prediction of Bezrukov and
Bugaev [4] is about an order of magnitude larger than

the results based on Refs. [5, 6]. Supported by the re-
sults of Ref. [7], the prediction of Ref. [4] is compared
to the experimental results.

The differential cross section (N4/A)vdo/dv for
a muon fractional energy loss v = AE,/E, was
measured in the range 0.1< v <1. The integrated
cross section (N4/A) f01.1 vdo/dv is (0.26 £ 0.03ga +
0.03syst) - 107% ecm?g~! is in agreement with the the-
oretical prediction of 0.267 - 107¢ cm2g~!. The best
adjustment of the data to the theory is achieved for
the value of o,n = (115 & 18,40t £ 155ys:)ub of the
photon-nucleon cross section for photons with ener-
gies in the range from 18 to 180 GeV. The values of
(Na/A)vdo/dv are shown in Fig. 2.
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Figure 2: The full circles show the measured differen-
tial energy-loss probability spectrum of 180 GeV muons
by photonuclear interactions in iron. The curve is the
theoretical prediction of Ref. [{]. The errors shown
are statistical only
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ATLAS discovery potential study of the charged heavy lepton pair
production.

Célin Alexa!, Sanda Diti?!
LIFIN-HH, Department of Elementary Particle Physics

The new energy domain, opened by the LHC,
will offer in the next future a unique opportunity for
the searches of new particles predicted by models be-
yond SM. The new fermions are playing an impor-
tant role due to the fact that several gauge groups
with various theoretical motivations, containing the
SUc(3) x SUL(2) x Uy(1) as a subgroup, provide
fermion representation with larger dimension ( more
than 15 ) and therefore predict the existence of new
fermions.

The results we are presenting are referred to the
charged heavy lepton pair production by Drell-Yan
mechanism as well as by gluon fusion, the later play-
ing a dominant role in the region of the lepton masses
higher than 300 GeV. We have assumed Standard
Model couplings and the decay of both heavy charged
leptons into an electron or muon and a Z boson, with
a branching ratio [1] equal to B.R.(L — e(u) Z°) =
1/3. The signal and the background processes have
been generated with PYTHIA 6.157 [2]. The heavy
lepton pair production by gluon fusion was included as
a new external process in PYTHIA and the detector
response was simulated with the parametrised Monte
Carlo program ATLFAST 2.53 [3].

The Drell-Yan processes include g annihilation
into (y*/Z°/Z’) and their further decay into a pair
of charged heavy leptons while for the gluon fusion
processes, Z and Z' bosons decay into a pair of heavy
charged leptons.

@@ — (v,2,2")— LTL™
g9 — (2,Z')— LTL™
LY*L™ = (e;m)*Z(e,p) Z

= (e,w)" (e, )™ +4jets

As in many searches for new physics at the TeV
scale, the dominant background for our signal pro-
cesses is tt pair production due to its high produc-
tion cross section. An important signature of dilepton

tt process is the high value of the EM® due to the
two escaping neutrinos. The highest values for the
signal significance were obtained for Mz equal to 1
TeV for both decay channels: L* — e* 4+ Z° and
L* — p* + Z° (see Fig. 1 and Fig. 2).

Thus, for an integrated luminosity of 30 fb—!, it
was found that ATLAS could discover this charged
heavy lepton up to 0.9 TeV/c? and the discovery limit
is pushed up to 1.0 TeV/c? for an integrated luminosity
of 300 fb~1.
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Figure 1: The signal significance mass (Myp, Myz:) de-
pendence for high (300 fb=1) and low (30 fb~1) lumi-
nosity for L* — e* 4+ Z9 decay channel.
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Figure 2: The signal significance mass (M, Mz) de-
pendence for high (300 fb=1) and low (30 fb=') lumi-
nosity for L* — p% + 79 decay channel.
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An approach for high voltage power supply system for HCAL of
LHCDb experiment

A. Cimpean?, C. Cocal, D. Dumitru2, A. Kluger2, C. Magureanu?, M. Orlandea’, S. Popescu®, D. Tarta?
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The main aim of the calorimeter system ([1], [2])
of the LHCDb experiment, a Large Hadron Collider
Beauty experiment dedicated for precision measure-
ments of CP violation and rare phenomena, is to pro-
vide identification of the electrons, hadrons and pho-
tons, for the level-0 trigger and offline analysis with
measurements of position and energy. The system con-
sists in scintillator pad/preshower(SPD/PS) detector,
electromagnetic(ECAL) and hadron(HCAL) calorime-
ters, all subdetectors having a similar technology with
scintillating tiles as active material that are read out
via wavelength-shifting fibers and thus with an iden-
tical readout elecronics for ECAL and HCAL and a
similar electronics for the PS.

During 1997-1999 a computer controlled High Volt-
age distribution scheme ( [3]) was developed by IFIN-
HH group and used to supply the PMTs of half HCAL
prototype during the beam tests (1998-2000). This
scheme consisted in three parts: 1) a control box which
includes low voltage power supply, the RS232 interface
to a PC and three modules of high voltage power sup-
ply; 2) two types of multichannel HV distributors with
an individual voltage setting; 3) a software package to
controll all setings and refresh them periodically.

Based on the experience got, a new design for a
High Voltage Power Supply ([4]) which satisfys the

LHCb requirements has been developed for PMTs of
the hadron calorimeter. The demands of this sys-
tem are simplicity and low cost. This HVPS with
multiple outputs (HV for photocathode and D1 - D4
dinodes) is destined to supply, with the same high
voltage, groups of PMTs sorted by similar charac-
teristics as gain and sensivity. Because of the high
rates (~40MHz)supported by PMTs there are neces-
sary booster voltage sources to suply current for the
last 4 dynodes.

The box has 5 HV power supplies for photocath-
odes and the last 4 dynodes, each HV power supply be-
ing followed by a 4 channel distributor (10mA /channel).
The box can independently supply 4 groups of 40
PMTs each. The voltage setting can be made by
hand, through keyboard and LCD display located on
the front pannel using a 4C board which also contains
a CAN interpretor, SJA 1000, that makes the serial
CAN-bus link from the distance. The connection is
bidirectional allowing both the setting of output volt-
ages and the reading of the information on output volt-
age and current. The power supply has good output
features, shortcut protection and special voltages.
The output voltages for a group are:
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Pedestal HVmax
Photocatode -1800V -2150V
D4 -650V(700) -850V
D3 -500V(550) | -650V(700)
D2 -350V -500V
D1 -150V -250V

The box dimensions are: 480x128x525mm

The voltages are transmitted trough HV coaxial ca-
bles with SHV connectors. The PMTs of FEU-115m10
type were used. In the following HV system will be
adapted to be used to supply PMTs of Hamamatsu
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type R7899 20 which have been largely investigated
by LHCb collaboration. HV Power Supply is going to
be integrated in CAN network.

This HVPS with parallel powering groups of fast
PMTs has advantages as: a) outside PMTs supply
(power dissipation is not inside HCAL modules); b)a
very good stability for all HV supplies (photocath-
ode and dinodes); c)a low ripple because of distrib-
utors supplementary stabilization with series transis-
tors; d)great reserve of current (it permits high count-
ing rates); f) it does not work in radiation field; g)
eagsy service. The system is dedicated and can be used
in any experiments with many fast PMTs.

et al., ”The hadron calorimeter prototype design
and construction” , LHCb-2000-035 public note

[4] A.Cimpean, C.Coca,
D.D. Dumitru, D.T.Dumitru, C.Magureanu,”A
proposal for High Voltage Power Supply system
for HCAL of LHCD experiment”, LHCb-2000-092
public note (http://weblib.cern.ch)

Inclusive production of antihyperons in nC-interactions

T. Ponta!, T. Preda!, EXCHARM Collaboration
LIFIN-HH, Department of Elementary Particle Physics

The behavior of the differential cross-sections for
inclusive production of antihyperons in nucleon-nucleon
interactions is poorly explored. The kinematic region
of the validity for existing theoretical models is also
uncertain.

Most of the data on antihyperon production have
been obtained in charged kaon beams, as cross-sections
of antihyperon production by strange particles are
higher than those for nucleons. Some measurements
have been performed in proton beams [1, 2], and only
few in neutron beams [3, 4]. The existing data have
very large uncertainties. So, whether total and dif-
ferential cross-sections of antihyperon production by
protons and neutrons are similar is still an open ques-
tion.

The inclusive production cross-sections of KO, =i
and ¥(1385)* in neutron-carbon interactions at ~ 51
GeV mean energy of neutrons have been measured.
The parameters n and b of differential cross-section
parametrisation (1 — |zr|)™ exp(—bp?), where zp is
the Feynman variable, p; is the transverse momentum,
have been obtained. The kinematic region of validity
for the parametrisation has been defined. Results are
compared with published experimental data.
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Figure 1: Effective mass spectrum of Aot

The results have been obtained in the EXCHARM
experiment, carried out at the Serpoukhov accelerator.
Antihyperons have been identified by their decays:

x° - prt

= o5 A%t
T(1385)F — A'xt

In Figure 1 and Figure 2 are shown the effective
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mass spectrum of K0w+, respectively KOW*, with spe-
cial selection cuts in order to find the =" and (1385)~
particles.

A clear signal of = decay is seen in the spectrum.
The spectrum is approximated by a sum of a Gaussian
function describing the signal, and a linear function for
the background.

o 00| S S
S
o ) 3
- F
= kd]}ﬂ
L
[ .
w
i
- F
= 2 1 L
i T ~ ’
! ; ! i
i AR
i LS
! rl .—v-”/-’ R e R S I 1

o,

.3

b T R I I S T A P “1.&";'.1.
: A" Y, GeV e

Figure 2: Effective mass spectrum of Aon.

The signal from Figure 2 is approximated by the
function

(%) - = BGQM) + BW (M)

Particle Physics

where the signal BW (M) is approximated by the rel-
ativistic Breit-Wigner function and the background
BG(M) by a product between a power function and
an exponential function.

The cross-sections per nucleon are presented in Ta-
ble 1, where (ext) represents the error, which takes
into account a specific extrapolation of the differential
cross-section in the region |zr| < 0.1.

State OnN, Ub

X 154.4 £ 1.0(stat) + 7.2 (syst) £ 18.0 (ext)
¥(1385)~  10.2 £ 1.6(stat) + 0.6 (syst) + 0.6 (ext)
¥(1385)T 8.2 4 2.8(stat) £ 0.6 (syst) £ 0.5 (ext)
=f 7.9 + 0.4(stat) + 0.5 (syst) =+ 0.9 (ext)

Table 1: The total cross-sections per nucleon.
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Pionium lifetime measurement to test nonperturbative QCD
predictions (DIRAC experiment)

M. Pentia®, Gh. Caragheorgheopol?, S. Constantinescu?, C. Curceanu®, M. Iliescu*, T. Ponta®, D. Pop®

LTFIN-HH, Nuclear Physics Department
2IFIN-HH, Applied Nuclear Physics Department
3 IFIN-HH, Informatics and Computing Center
4IFIN-HH & INFN - Frascati, Italy
SIFIN-HH, Particle Physics Department
STFIN-HH & CERN - Geneva, Switzerland

The main goal of the DIRAC Experiment [1] is to
measure the pionium (77~ atom) lifetime with 10%
precision. This measurement will provide in a model-
independent way the difference between the isoscalar
and isotensor S-wave 77 scattering lengths |a) — a|
with 5% precision. Nonperturbative QCD - Chiral
Perturbation Theory [2] - predicts scattering lengths
with very high accuracy ~ 2%.

The pionium atoms are produced by Coulomb in-
teraction in the final state of ¥ 7~ pairs, generated in
high energy proton-target collisions [3]. If the 7tz ~

pairs are produced at a small distance (r ~ 10 fm),
less than the Bohr radius of pionium (387 fm), they
can form the 7T7~ atom.

After production in hadron-nucleus interaction, re-
lativistic pionium atoms (2 GeV/c < pa < 6 GeV/c)
are moving in the target. They can decay or, due to
electromagnetic interaction with the target material,
can break up. The resulted ”atomic 777~ pairs” are
characterised by small relative momenta in c.m. @ <
3 MeV/c. The other pion pairs, free pairs (accidentals,
Coulomb and Non-Coulomb pairs), can be separated
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by relative momentum distribution.
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Figure 1: Estimated pionium lifetime (Preliminary).

The aim of DIRAC experiment is to measure the
pionium breakup probability Py.(7). Comparison of
the measured break-up probability Py, = na/Na (ra-
tio of broken up - n4 and produced - N4 pionia) with
the calculated dependence of Py, on 7 (see Fig. 1) can
evaluate the pionium lifetime.

Our main contribution to the hardware part is the
construction, commissionning and use of the Preshower
Detector [4]. It works along with the Trigger System
of the setup and also is used in offline data analysis,
for electron/pion separation.

The overall statistics of ” atomic pairs” is presented
in Table 1 for two @ values. The sample of ~ 5000
pionium atoms provides a statistical accuracy for the
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lifetime measurement at the 20% level. The data ana-
lyzed till now for Ni target permit an estimation of the
pionium lifetime 7 = 2.87§§ x 107'% sec. For T'i target
we get 7 = 5.47]5 x 107'% sec. The combined results,
Ni+ Ti targets, gives a pionium lifetime estimation
7 =3.6102 x 1071° sec.

Table 1: Number of ”atomic pairs” detected

na na
Target | Thick. | Trigg. Q<2 Q<3
year (um) 106 MeV/c MeV/c
Pt 26 55.7 130+ 43 207 £ 77
1999 (30) (2.70)
Ni 94 896 920 +£170 | 13354300
2000 (5.40) (40)
Ti 244 910 1170 £ 190 | 1495 + 340
2000+01 (6.20) (4.40)
Ni 98 647 | 2686 £+ 310 | 3500 £ 510
2001 (8.70) (6.90)
Ni 98 77 400 £ 100 | 545+ 170
2002 (40) (3.20)
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Contributions to the integrated graphical user interface

E. Badescu!, M. Caprini!
I NIPNE-HH, Department of Applied Nuclear Physics

The Online Software is a part of the distributed
Data Acquisition System (DAQ) for the ATLAS ex-
periment, that will start taking data in 2007 at the
Large Hadron Collider at CERN.

The Online Software system [1] is responsible for
overall experiment control, including run control, con-
figuration and monitoring of Trigger & Data Acquisi-
tion System (TDAQ) and management of data-taking
partitions. The system encompasses all the software

to do with configuring, controlling and monitoring the
data acquisition system, but excludes anyting to do
with the management, processing or transportation of
physics data. In other words, the Online Software is
supposed to act as the ”glue” to a quantity of het-
erogeneous sub-system, providing not only a uniform
control interface, but also the possibility of easily ab-
stracting the specificities of those subsystems in order
to provide them with control services. The compo-
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nents model architecture has been adopted for the sys-
tem, each component being developed as an individual
package. All the hardware and software configurations
of the data taking partitions are stored in configura-
tion databases. The Process Manager component [2]
performs the basic job control of the software compo-
nents.

The Integrated Graphical User Interface (IGUI) is
one of the integration components of the Online Soft-
ware, allowing the operator to control and monitor the
status of the current data taking run in terms of its
main parameters, detector configuration, trigger rate,
buffer occupancy and state of the subsystems. Figure
1 presents the context diagram for this component.
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Figure 1: The context diagram of the IGUI component

The component has been designed as a Java appli-
cation, having defined some specialized panels for al-
lowing the user to send the main DAQ commands and
displaying messages, states or run specific parameters
of the whole system or related to all the other compo-
nents (Run Control, Run Parameters, DAQ Supervi-
zor, Process Manager, Message Reporting, Monitoring

Particle Physics

or Data Flow). The design of this component allows
the users to develop their own panel to be displayed.

The Online Software has been deployed for various
test beam activities at CERN and in external test set-
ups in laboratories around the world. Several ATLAS
detector groups use this software to implement their
DAQ system for their test beam activities. The soft-
ware has also been subject of studies in various large
scale test beds [3]. A system with up to two hundred
workstations was used to study the scaling behaviour
of individual components and of the integrated system.
These activities are providing important feedback into
the development cycle.

The main functionalities of the Online Software are
provided without the need of commercial packages and
the software is available for users by download at URL
http://atlas-onlsw.web.cern.ch/Atlas-onlsw/download
/download.htm

Work performed under contract no. 72 / 2001 in
the frame of the CERES Programme supported by the
Romanian Ministry of Education and Research.
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Strong evidences for nuclear mesonic Cherenkov-like radiation from
high energy hadronic collisions

D.B. Ion!
LIFIN-HH, Bucharest,Magurele

In this paper [1] the esential characteristic fea-
tures of the nuclear pionic Cherenkov-like radiation
(NPICR) are discussed and compared with the recent
experimental results otained at ITUCN-Dubna. The
Cherenkov effect for photons is one of the well known

collective phenomenon in normal dielectrics which is
directly connected with the modification of phase ve-
locity of photons inside the medium. Recently in Refs.
[2] we have extended these ideas to the nuclear media
where the gamma Cherenkov-like radiation (NGCR)
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should be possible to be emitted from charged par-
ticles moving through nuclei with a velocity larger
than the phase velocity of photons in the nuclear me-
dia. The detailed absolute predictions for the sponta-
neous pion emission as nuclear pionic Cherenkov-like
radiation (NPICR) inside the nuclear medium are ob-
tained and published in Refs. [3]. The nuclear pionic
Cherenkov-like Radiation (NPICR) was recently (see
Ref.[4]) discovered experimentally at Dubna in Mg-Mg
central collisons at 4.3 GeV /nucleon by processing the
pictures from 2m Streamer Chamber SKM-200. So,
after processing a total of 14218 events, which were
found to meet the centrality criterion, the following
experimental results are obtained [4]. The energy dis-
tribution of emitted pions in the central collisions have
a significant peak (4.1 standard deviations) over the in-
clusive background. The value of the peak energy and
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its width are in a good agreement with the predictions
[3] on the NPICR-effect.
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Optimality, entropy and complexity for nonextensive quantum
scattering

D.B. Ion', M.L.D. Ion?2

LTFIN-HH, Department of Elementary Particle Physics, Bucharest
2 University of Bucharest, Faculty of Physics

In this paper [1], by introducing [Ss(p), Se(q)]
Tsallis - like entropies [2], the optimality and complex-
ities as well as the nonextensive statistical behavior of
the [J and 0]-quantum states in hadronic scatterings
are investigated [2] in an unified manner. A connec-
tion between optimal states obtained from the prin-
ciple of minimum distance in the space of quantum
states [3] (PMD-SQS) and the most stringent (Max-
Ent) entropic bounds on Tsallis-like entropies [2] for
quantum scattering is established. A measure of the
complexity of quantum scattering in terms of Tsallis-
like entropies is proposed. The generalized entropic
uncertainty relations as well as a possible correlation
between the nonextensivities p and q of the [J and
f]-statistics are proved [4]. The results on the exper-
imental tests of the PMD-SQS-optimality, as well as
on the optimal entropic bands and optimal complexity,
obtained by using the experimental pion-nucleon pion-
nucleus phase shifts, are presented [5]. The nonexten-
sivity indices p and q are determined from the exper-
imental entropies by a fit with the optimal entropies
[S9'(p), S§*(q)] obtained from the principle of mini-
mum distance in the space of states. In this way strong
experimental evidences for the p—nonextensivities in

the range 0.5 < p < 0.6 with ¢ = p/(2p—1) > 3,
are obtained with high accuracy (CL > 99%). We
conclude that further investigations are needed since
this noneztensive statistical behavior of the quantum
scattering discovered here can be a signature of a new
universal law of the quantum scattering.
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Dual coherent particle emission as generalized Cherenkov-like effect
in high energy particle collision

D.B. Ion!, E. K. Sarkisyan?2

'FIN-HH, Department of Elementary Particle Physics, Bucharest
2 CERN, Geneva, Switzerland

The generalized Cherenkov-like effects based on
the four fundamental interactions has been investi-
gated and classified recently by Ion and Stocker in
Refs. [1]. This classification includes the nuclear
(mesonic, gamma, weak bosonic)-Cherenkov-like ra-
diations as well as the high energy component of
the coherent particle emission via (baryonic, leptonic,
fermionic)-Cherenkov-like effects. By recent experi-
mental observations of the subthreshold and anoma-
lous Cherenkov radiations it was clarified that some
fundamental aspects of the CR can be considered still
open and that more theoretical and experimental in-
vestigations on the CR are needed. In a recent paper
[2] we introduced the dual coherent particle emission
(DCPE) from which all kind of generalized Cherenkov-
like effects can be obtained. The aim of this paper
[2] was to obtain a general quantum theory of the
dual coherent particle emission (DCPE)-mechanism as
two component generalized Cherenkov-like radiation.
Then we proved that recent results on the anoma-

lous Cherenkov radiation [3] and those on the sub-
treshold Cherenkov-like effects [4] can be completely
interpreted as signatures of this new two component
DCPE-effect. The applications of these new results
to the development of new kind of particle detectors
called DCPE-Cherenkov-like detectors are suggested.
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Thorium determination in intercomparison samples and in some
romanian building materials by gamma-ray spectrometry

A. Pantelicd!, Em. Cincu, LI. Georgescu?, M.D. Murariu-M#gureanu 2, I. Margaritescu 2

I NIPNE-HH, Department of Applied Nuclear Physics
27 Politehnica” University Bucharest, Faculty of Industrial Chemistry

Thorium content in zircon sand, thorium ore, and
a thorium liquid sample, as well as in some Roma-
nian building materials: sand, wood, tufa, asbestos-
cement, cement mill dust, fly coal ash, bricks, and
tile (28 samples) was determined by gamma-ray spec-
trometry. For the building materials, 226Ra, 49K and
137Cs specific activities were also measured. All sam-
ples were kept tightly closed in the pots for about one
month, to permit radioactive equilibrium between the
gaseous radionuclides ?22Rn (?*8U series), as well as
220Rn (232Th series) and their decay products be as-
sured.

232Th activity concentration was calculated from
its decay products 228 Ac, 2'2Pb, 212Bi, and 2°8T1, as-
suming radioactive equilibrium among all 232Th decay
chain isotopes. The activity concentrations of 226Ra,
was calculated by 2'*Pb and 2'Bi decay products, as-
suming radioactive equilibrium among all 226Ra decay
chain isotopes.

Zircon sand, thorium ore, and a thorium liquid
sample were analyzed in the frame of the European
Commission Project ” Thematic network on the anal-
ysis of thorium and its isotopes in workplace materi-
als”, coordinated by the Health and Safety Labora-
tory HSL, Sheffield, United Kingdom. Thorium ni-
trate solution containing 2*2Th in equilibrium with its
decay products and the two thorium minerals (with-
out any prior treatment) were prepared as test sam-
ples by the Centre for Ionizing Radiation Metrology
at the UK National Physical Laboratory (NPL), Ted-

dington, England. The obtained 2??Th results are in
good agreement with those of NPL for the liquid and
ore samples (analyst/NPL ratios of 0.97 and 1.05, re-
spectively) and rather good agreement for zircon sand
(analyst/NPL ratio of 1.20) [1,2].

Sand, wood, tufa, asbestos-cement, cement mill
dust, fly coal ash,tile, red and autoclaved cellular con-
crete (ACC) bricks collected from building material
factories in different zones of Romania were investi-
gated for natural and artificial radioactivity. The re-
sults were compared to Romanian standards for max-
imum permissible 222Th, 226Ra, and 40K activity con-
centrations in building materials.
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Gamma-ray spectrometry on Danube river samples collected in
february-march 2000

A. Pantelica®, LI. Georgescu

2

I NIPNE-HH, Department of Applied Nuclear Physics
27 Politehnica” University Bucharest, Faculty of Industrial Chemistry

The aim of this research was to investigate by
gamma-ray spectrometry the contribution of Tisa trib-
utary river to the radionuclides contents of the Danube
River in Romania, after the gold mining events at Baia
Mare (N-W Romania), in January 2000. It is part of a

more extended study concerning aquatic environment
pollution with heavy metals and beta radionuclides,
too [1].

Fish species Alburnus alburnus and Carasius aura-
tus (flesh and scales) were analyzed in relation with
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the surface water and bed load sediment samples col-
lected about two months after the mining events. The
collection sites were Moldova Noua (km 1073, the river
entrance in Romania), Bazias (km 1072.4), Port Cora-
bia (km 633), Corabia (km 629.5), and Giurgiu (km
493).

137Cs, 226Ra (28U series), 228 Ra (?*2Th series) and
40K activity concentrations (in Bq kg=!), measured in
sediment, fish (fresh), and water samples are found to
be situated at the levels determined in Danube samples
during the last years, no radioactive pollution being

Health and Environmental Physics

observed.
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Elemental analysis of lichen bioaccumulators before exposure as
transplants in air pollution monitoring

A. Pantelici®, V. Cercasov?

LNIPNE-HH, Department of Applied Nuclear Physics
2 Institute of Physics, University of Hohenheim, Stuttgart, Germany

Lichen transplants from relatively unpolluted sites
are successfully used as heavy metal bioaccumulators
for long- term air pollution monitoring. Significant
element accumulations are generally revealed after 6
to 12 months of exposure.

The main objective of this interdisciplinary re-
search is to get a low-price survey of the air pollu-
tion level in some critical areas of Romania by nuclear
and atomic analytical methods, based on the element
accumulating property of transplanted lichens.

The lichen species Evernia prunastri and Pseude-
vernia furfuracea collected from the Prealps, northeast
Ttaly, have been selected for this study. Experimental
set-up for standardized lichen exposure needs special
plastic frames ("little traps”: 15-15-1.5cm, with 1cm?
mesh) which are fixed horizontally on stainless steel
posts at about 1.5m above the ground. Prior to ex-
posure, the lichen material is cleansed of some vegetal
impurities, and then shortly washed using de-ionised
water.

The initial (zero-level) contents of lichens were de-
termined by Instrumental Neutron Activation Analy-
sis (INAA) and Energy Dispersive X-Ray Fluorescence
Analysis (EDXRFA) methods. INAA was carried out

at the Institute of Physics and Nuclear Engineering in
Bucharest (IFIN) and Energy Dispersive X-Ray Fluo-
rescence Analysis (EDXRFA) at the University of Ho-
henheim in Stuttgart.

The investigated elements were: As, Br, Ca, Cd,
Co, Cr, Cu, Fe, K, Mn, Ni, Pb, S, Sb, Se, V, and Zn.
From among them, Cd, Co, and Sb can be determined
only by INAA and ICP- MS, Pb only by EDXRFA and
PIXE, and S only by EDXRFA. A statistical intercom-
parison of the results allowed a good quality control of
the used analytical methods for these specific matrices.

This work was supported in part by European
Commission Center of Excellence Project ICA1-CT-
2000-70023: IDRANAP (Inter-Disciplinary Research
and Applications based on Nuclear and Atomic Phy-
sics), Work Package 2 (Air pollution monitoring by
sampling airborne particulate matter combined with
lichen bioaccumulator exposure).
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Development of prototypes of advanced systems for nuclear
emergency management (NOTEPAD and RODOS)

G. Mateescu!, D. Galeriu!, D. Vamanu?, D. Slavnicu®, D. Craciunescu®, A. Gheorghiu!, C. Turcanu?,
D. Gheorghiul, V. Acasandrei!, A. Melintescu®

LIFIN-HH, Life and Environmental Physics Department

The project RODOS (Real Time On-line Decision

Support System for Off-Site Nuclear Emergencies in 7 “*" ===~
Europe) has been carried out under the auspices of =i i
EC’s "Nuclear Fission Safety Programme”. Roma-

nia, by IFIN-HH, is a participant to this project,
the research and development activities for the RO-
DOS project being performed in the Vth Framework
of EC. IFIN-HH has developed also its own system,
NOTEPAD, concordant as aim and method with RO-
DOS, both DSS systems being able to offer a quick re-
sponse to Romanian decision makers by assessing the
consequences and countermeasures in case of a nuclear
accident.

OBT in Cow's milk
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Figure 2: OBT activity in cow’s milk.

The main results achieved during 2001 are:

a) Testing of the RODOS-FDMH module, developed

in IFIN-HH, using the geographical database for Cer-

navoda, by simulating a severe CANDU accident sce-

nario with emission of tritium in the form of HTO.

Figures 1-2 present applications for HTO and OBT

activity distribution in cow’s milk.

] b) Development of source codes included in the

, 1 NOTEPAD software package:

. 4| 1.’SPILLS TO SURFACE WATERS’

2. 'SPILLS TO GROUND WATERS’.

| Fig.3 presents 'SPILLS TO SURFACE WATERS’

o result for a simulated scenario. For SPILLS TO
GROUND WATERS'’ code, a simulated exercise for an
illustrative scenario has been made. A tank-car trans-
porting a liquid radioactive solution runs off the rails

Figure 1: HTO activity in cow’s milk. and overturns with perforation of the tank in the area

of Basel-East rail station. The code input-interface for

this situation is presented in Fig.4.
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Figure 3: Contamination after 100 seconds from the
emission.
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Figure 4: Code input-interface.

Intercomparison exercises between RODOS NO-
TEPAD were made, for the total effective dose equiva-
lent and thyroid committed dose equivalent, resulting
in normalizing factors that make feasible a conversion
from one code output to the other and their harmo-
nization.

Routine surveillance of environmental radioactivity in the influence
area of the institute during 2001

R. O. Dumitru?, D. C. Breban'
LIFIN-HH, Life and Environmental Physics Department

The radioactivity measurements were performed
according to the Monitoring Concept for nuclear units
in IFIN-HH, which provides the type, the locations
and sampling frequency of the environmental factors
that were monitored. The radiometric analyses were
carried out according to the Working Procedures. The
working group was involved in a project supervised by
the TAEA ” Quality Assurance and Quality Control for
Nuclear Analytical Techniques”.

Samples of water, sediment, soil, vegetation and
aerosols have been analyzed for both gross beta and
gamma, activity, as follows: 948 samples of potential
radioactive water, surface, drinking and underground
water; 24 sediment and 90 soil samples; 24 samples of
spontaneous vegetation and samples of milk, cereals
and vegetables .

We also analyzed for gross beta and gamma activ-
ity 44 samples of radioactive liquid effluents from the
nuclear uits CPR, STDR and DCNU.

Airsols samples have been monitored twice a month.

The maximum concentration of the artificial total beta
activity was of 10 mBq/m3 air (absolute error ex-
pressed as 2 standard deviation was 3 mBq/m3).

Gross beta activity for samples of drinking water
was always situated bellow the maximum allowed con-
centration (1 Bq/l).

The maximum value recorded for the total beta
activity in sewage water (Reactor Canal) was of 2.1
Bq/1 (absolute error expressed as 2 standard deviation
was 0.6 Bq/1), but the radioactive concentration of the
surface water downstream the spillflow was in this case
situated below 0.8 Bq/l. During the whole monitoring
period the total beta activity for surface waters did
not exceed the Warning Level of 1.85 Bq/1.

Gross beta values for spontaneous, cultivated vege-
tation and milk samples collected from the living area
in Magurele were in the same range to those recorded
in the previous years. The working group was also in-
volved in collecting and processing of samples of soil
and vegetation from the Fort area.
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Distribution of selected artificial and natural radionuclides in
samples of soil and sediment from Romania

D. C. Breban!, J. Morteno-Bermudez 2

LIFIN-HH, Life and Environmental Physics Department
2TAEA, Seibersdorf Laboratory, Austria

Amongst the man-made radionuclides, Pu-239+240,
Pu-238, Pu-241 and Am-241 are of great concern from
radiological point of view because of their high ra-
diotoxicity and long term environment impact.

In 2001, an TAEA fellowship provided the opportu-
nity to analyze these radionuclides in several soil sam-
ples collected from an alpine pasture area located in
Parang Mountains, offering for the first time informa-
tion on the accumulation and distribution of these ra-
dionuclides in soil samples from Romania.

Sediment samples collected from the Romanian
sector of the Danube River and Black Sea were inves-
tigated for Am-241, Pb-210, Pu, Th and U radionu-
clides as well, following up earlier studies in these ar-
eas. After radiochemical separation of the radionu-
clides by sequential combined procedures, based on
anion-exchange and extraction chromatography, the
alpha-emitters were measured by alpha-spectrometry
and the beta Pu-241, Pb-210 by Liquid Scintillation
Counting.

In case of sediment, the antropogenic Pu alpha
emitting radionuclides were detected only in the sam-
ples collected from the Black Sea. The activities con-
centration ranged between (0.06-1.8) Bq/kg dry mass
for Pu-239+240, the maximum values being deter-
mined for the deeper layers (20-30) cm of the sediment.
Concentration of Am-241 ranged between (0.07-0.5)

Bq/kg dry mass.

Pu-241 was detected only in the soil samples,
241Pu, its activities falling within the range of (20-
73) Bq/kg dry mass for the upper organic layers. The
results showed that 241Pu is the dominat radionuclide
amongst the investigated transuranics in the soil sam-
ples.

On the basis of activity isotopic ratios Pu-238/Pu-
2394240, Am-241/Pu-239+240 in soil and sediment
depth profile, the origin of the contamination (Cher-
nobyl accident and nuclear weapon test fallout) was
determined.

PDb-210 exhibits concentration between (10 Bq/kg
and 90 Bq/kg), the highest values were recorded in the
Black Sea sediment.

The concentration of U natural isotopes for sedi-
ment samples correspond to those cited in the litera-
ture for the Bulgarian and Turkish Black Sea coasts.
They were in the range of 30-70 Bq/kg. Activity
isotopic ratios U-234/U-238, close to the equilibrium
value, showed that no antropogenic contamination has
occured.

The radioactive concentration of natural U and Th
isotopes in Danube river sediment samples, of (10-30)
Bq/kg for U-238 and (15-50) Th-232 are in the same
range to those reported for sample collected in previ-
ous years from the same sites.

A code comparison exercise for harmonizing domestic and reference
tools

D. Vamanu!, G. Mateescu!, A. Berinde!, D. Slavnicu!, V. Acasandrei!, E. Slavnicu?

LIFIN-HH, Life and Environmental Physics Department
2 Politehnica University of Bucharest,Romania

One lesson drawn from the Chernobyl accident
(Ukraine, May 1986) has recognized the importance of
an internationally-shared availability of norms, meth-
ods and tools to characterize abnormal nuclear events;
design prompt response measures commensurate with
the potential off-site, including transboundary conse-
quences of such events; monitor the evolvement of the
radiological situation over the exposed territories in

the medium- and long run; and proportionally adjust
and maintain a sound management of the crisis after-
math.

The Comparison Framework: Accident Scenarios
The Source Term

The core inventory was obtained by scaling up to
440 MWe the reference unit inventory of a typical LWR
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recommended and taken just before a fresh fuel reload:
A=2.1x10 ? Ci. All scenario cases assumed a zero-
power emission at 30 m height above ground, an effec-
tive escape duration of 30 min., and a time interval of
cca 0.5 h between the reactor shutdown and the start
of the core damage process under a loss of coolant.

The Meteorologic scenario

Comparative code runs have been conducted, for
wind velocities of 2.1 m/s and A through F Pasquill
stability, with no precipitation and precipitation rate
for D stability assumed.

Precipitation rate (mm/h)
0,1
1
5
10

Due to different the terrain roughness of the ex-
posed territory a flat terrain is supposed for Bechet-
Kozlodui area and an accidental one for Cernavoda
area.
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The focus of the in-house exercise was, however, on
the comparison of the NOTEPAD and RODOS per-
formance in addressing identical source term and me-
teo scenarios. To compare NOTEPAD performance
against RODOS reference results, the Total Effec-
tive Dose Equivalent (TEDE - the sum of cloudshine,
groundshine for 7 days and inhalation for 50 years)
and the Commited Dose Equivalent of Thyroid (CDE
THYR - due to inhalation for 50 years) have been se-
lected in view of their direct relevance in scaling the
sheltering, evacuation and iodine administration coun-
termeasures.

One can see that, compared with RODOS, the
NOTEPAD results would systematically appear larger.
The a priori suspicion that a relatively rigid, rule-based
code like NOTEPAD, ignoring the subtleties of a de-
tailed atmospheric dispersion modeling, like the nu-
clear unit dimensions, the roughness and the noble gas
deposition, would generate overconservatism were thus
confirmed.

Distance (km) | A class | B class | C class | D class | E class | F class
2 0.247 0.164 0.080 0.029 | 0.0056 | 0.0005
10 0.392 0.300 0.251 0.182 0.123 | 0.057
20 0.292 0.252 0.223 0.142 0.105 | 0.086
25 0.343 0.268 0.319 0.214 0.180 | 0.155

Table 1: TEDE , RODOS/NOTEPAD,TEST1,no precipitation

Distance(km) | A class | B class | Cclass | D class | E class | F class
2 0.125 0.077 0.035 0.012 0.026 | 0.0002
10 0.351 0.192 0.136 0.079 0.049 | 0.021
20 0.342 0.196 0.114 0.060 0.041 0.032
25 0.661 0.376 0.220 0.100 0.071 0.055

Table 2: CDE THYR , RODOS/NOTEPAD,TEST1,no precipitation
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An intercomparison between JINR - Dubna and NIPNE -
Bucharest neutron activation analysis laboratories for major and
trace elements in lacustrine sediments

C.L. Dinescu?!, O.A. Culicov2, O.G. Duliu®, M.V. Frontasyeva?, C.D. Oprea?, M. Haralambie!

! National Institute for Physics and Nuclear Engineering - Horia Hulubei, P.O. Box MG-06, RO-76900
Bucharest, Roméania
2 Joint Institute for Nuclear Research, 6, Joliot Curie street, 141980, Dubna, Russia
3 University of Bucharest, Department of Atomic & Nuclear Physics, P.O. Box Mg-11, RO-76900, Bucharest,
Romaénia

Neutron Activation Analysis (NAA), one of the
best elemental analytical methods, currently used for
quantitative analysis, at ug/kg level can be performed
by using thermal as well as epithermal neutrons. The
use of thermal neutrons, due to great absorption cross
sections has the advantage of a relatively short activa-
tion time but in same cases, the resulting gamma-ray
spectra are noisy that negatively influence the preci-
sion. Alternatively, the cross sections for epithermal
neutrons are sensibly smaller that requires longer ac-
tivation times but, in the case of silicate rocks the ep-
ithermal neutrons activation analysis proved to be ad-
vantageous in terms of improvement in precision and
lowering of detection limits. In environmental studies,
eight REE as well as heavy metal pollutants including
Cr, Zn, As or Sb can easily be determined at pg/kg
levels by using thermal as well as epithermal neutrons
. This fact makes an intercomparison more interesting
as two different variants of the same analytical tech-
nique are used. Such kind of study has been performed
within an intercomparison project between the JINR
- Dubna, Russia and the NIPNE in Bucharest, Ro-
mania. Within this project, the vertical distribution
of 23 major and trace elements (Sc, La, Th, Yb, Th,
Na, Rb, Cs, Ba, As, Sb, Hf, Cr, Fe, Co, Zn, Ce, Sm,
Lu, Ca, Br, Ta and Eu) in a 37 cm core fragment
(12 different sections) containing recent sediments col-
lected from the Furtuna Lake in the Danube Delta has
been determined. In our opinion, this study is more
interesting as at Dubna laboratory NAA is performed
by using epithermal neutrons (ENAA) produced by a
pulsed reactor while Bucharest laboratory uses ther-
mal neutrons (INAA) generated by a continuous flux
nuclear reactor.

The technique used in both laboratories has been
extensively described in a number of previous papers
[?]

In our case, for all samples and all elements we have
determined the numerical values of average concen-
trations, standard deviations as well as relative stan-
dard deviations (RSD). Additionally, for each element
we calculated the correlation coefficient r? between its
concentrations as determined in each laboratory. To
obtain a global view of our results, we have also cal-

culated for each element its relative concentration to
the upper continental crust (UCC). One problem that
arises when measuring other than standard samples
is the possibility of sample being inhomogeneous. As
all investigated samples represent recent sediments, we
have checked their homogeneity with respect to some
elements by means of three ternary diagrams, i.e., Co-
Hf-Th, Sc-La-Th and Rb/10-Yb-Tn. For the same
purpose we plotted the La to Th ratio as one of the
best indicators of sediment origin. For a better com-
parison, we plotted the data corresponding to UCC on
all these diagrams too.

In the case there are great volumes of experimental
data to be processed and interpreted the mathemati-
cally methods of multivariate statistics such as factor
analysis (FA) or cluster analysis are the most adequate
techniques. Accordingly, in our case, to evidence any
possible systematic error specific to each laboratory,
all the data were checked by means of FA. The main
idea of FA is to evidence a minimum number of factors
that explain the maximum variance of analyzed data.
In our case, we have used the maximum-likelihood FA
(varimax normalized rotation) to determine the prin-
cipal factors. For this purpose, we considered for each
element and each sample the ratio between the exper-
imental and the corresponding UCC concentrations.
In this way, we avoided any dominant influence of a
particular element.

The numerical values of experimentally determined
concentrations are, for the majority of elements, close
to those corresponding to UCC, which is in good agree-
ment with the nature of the investigated sediments.
This feature is confirmed by the resulting ternary di-
agrams, where almost all the experimental points are
grouped around corresponding UCC data, as well as
by the La to Th ratio of 3.37+0.29, being close to 2.85
as reported for UCC model.

It must also be pointed out that the result of FA
has shows that all the elements form a single relatively
homogeneous cluster, within which the variables (ele-
ments concentrations) corresponding to the two lab-
oratories could not be separated in any kind of sub-
clusters. This fact can be interpreted as the absence
of systematic errors specific to one of the laboratory.
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In this way, of the 23 major and trace elements
investigated, the best concordance in terms of RSD
and correlation coefficient was found for 7 elements,
i.e., Cs, Sc, Fe, Na, As, Ba and Ce. For the other
elements, we observed discrepancies between the RSD
or low values of the correlation coefficient. At the same
time, FA indicates that, irrespective of laboratory, all
the elements form a single cluster, thus confirming the
absence of any significant systematic errors connected
to one laboratory.
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Atmospheric deposition of trace metals in Romania studied by the
moss biomonitoring technique using NAA and AAS

A. Lucaciu®, M.V. Frontasyeva?, C.D. Oprea2, O.A. Culicov2, E. Steinnes®, L. Timofte !, I. Vata®

I NIPNE-HH
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To characterize atmospheric deposition of trace ele-
ments in Romania, moss samples of Hylocomium splen-
dens, Pleurozium schreberi and Hypnum cupressiforme
were collected at 272 network sites (20 x 20 km) and in
different years between 1995 and 2000. Instrumental
neutron activation analysis (INAA) has been used for
determination of 37 major, minor and trace elements
(e.g. Na, Mg, Al, C], K, Ca, Sc, V, Cr, Mn, Fe, Co, Ni,
Zn, As, Se, Br, Rb, Sr, Zr, Mo, Ag, Sb, I, Cs, Ba, La,
Ce, Sm, Tb, Yb, Hf, Ta, W, Au, Th and U) in moss
samples. Copper, cadmium and lead were determined
by flame atomic absorption spectrometry (FAAS). In
order to identify the sources of air pollution in Roma-
nia, the principal component analysis was applied on
the overall data set, as well as on each data set. At
least 74% of the total variance in data sets could be
explained by four to six principal components, includ-

ing soil dust, general pollution, sea-salt, foliar leaching
and local point source categories. The highest concen-
trations of trace metals related to industrial activities
were found in Transylvania Plateau (Cr, Fe, Co, Ni
Cu, Zn As, Se, Mo, Ag, Cd, Sb, Ba, W and U) and in
the South of Romania (Ni). Crustal enrichment fac-
tors, based on scandium, decrease in the order: Cd, Se,
Sb, Pb, I, Cl, Br, Au, Ag, Zn, As, Cu, W, Mn, Zr, Hf|
Mo, K, Rb, Ba, Cs, Ca, U, Mg, Th, Ce, La, Tb, Sm,
Cr, Sr, Al, Ta, V, Yb, Fe, Ni, Co and Na. Comparison
of the data from different surveyed regions revealed
the differences in concentrations of air toxics related
to specific industrial activities concerned. The trace
metal levels in Romania were similar to those found
by the other East-European countries participating in
2000 European moss survey, but significantly higher
compared with Norway.
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Clinical evaluation of hTSH TRMA kit developed at IFIN-HH
Bucuresti

Virginia Borza!, Mariana Purice?, Elena Neacsu®, Julieta Zaharescu?, Leonard Dumitriu 2
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The TSH immunoradiometric assay(IRMA) pre-
sents a major interest for the diagnosis of thyroid
function state. The hTSH IRMA kit has been de-
veloped at IFIN-HH in order to be used for the direct
quantitative determination of hTSH in human serum
or plasma in the range 0-50uUI/mL. In this paper
are presented results obtained at IFIN-HH and En-
docrinology Institute in the kit validation: evaluation
of performance characteristics, the correlation studies
of TSH concentration measured by IFIN kit and by 2
validated commercial kits on patient sample; also, nor-
mal range was established. The good results obtained
in the validation of the hTSH IRMA kit were the fol-
lowing: the intra-and interassay coefficient of varia-
tion were <10%, recovery: 95-110%, sensitivity <O,
035uUI/mL, and stability 6 weeks. The TSH concen-
tration measured in clinic samples by the IFIN h'TSH
IRMA kit and 2 commercial kits correlate very well.
Normal range established on 143 untreated euthyroid
subjects is: 0.37-3.
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Synthesis of testosteron-1, 2-T
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Elemental tritium is obtained during the decon-
tamination process of the moderator from Cernavoda
Nuclear Power Plant. It might be stocked for its use in
controlled fusion, in a relatively far future, or, it might
be immediately used as raw material in the synthesis
of labelled compounds with important economic value.

Labelling of testosteron with tritium was necessary
for the carring out of radiometric and molecular biol-
ogy studies concerning androgene dependent diseases.

Testosteron was labelled by selective hydrogena-
tion of 1,2 dihydrotestosteron acetate. The forerunner
was synthetized in two steps: 1) esterification of testos-
teron using acetic anhydride, and 2) selective dehy-
drogenation with 2,6-dichloro-3,5-dicyan-1,4 quinone

(DDQ) of the esther formed in the first step. Testos-
teron acetate was synthetized and purified with yields
of 73%, and respectively 80%. The dehydrogenation
process was characterized by yields of 82% for synthe-
sis and 33% for purification.

The tritium labelled hormone was obtained in two
steps: 1) selective hydrogenation of A'- testosteron ac-
etate in the presence of Ts gas, at low pressure, and 2)
hydrolysis of the esther at basic pH. The raw product
obtained was purified by preparative thin layer cro-
matography. The physical and chemical characteri-
zation of labelled testosteron reveals a radiochemical
purity higher than 98% and a specific activity of 53.4
Ci/mmol.
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Routine monitoring of environmental radioactivity in the influence
area of the institute during 2002

D. C. Breban!, R. O. Dumitru!
' TFIN-HH, Life and Environmental Physics Department

The radioactivity measurements were performed
according to the Monitoring Concept for nuclear units
in IFIN-HH, which provides the type, the locations
and sampling frequency of the environmental samples.

Samples of water, sediment, soil, vegetation and
aerosols have been analyzed for both gross beta and
gamma, activity, as follows: 930 samples of potential
radioactive water, surface, drinking and underground
water; 23 sediment and 81 soil samples; 26 samples of
spontaneous vegetation and samples of milk, cereals
and vegetables.

Atmospheric airsols have been monitored twice a
month. The maximum concentration of the artificial
total beta activity was of 24 mBq/m? air (combined
uncertainty expressed as 2 standard deviation was 3
mBq/m?), below the attention limit of 50 mBq/m?
air. For the dry and wet atmospheric deposition the
total beta activity ranged from 0.02 to 1.2 Bq/m?/day.
Cs-137 was the only artificial radionuclide detected
by gamma spectrometric analyses of annual compos-
ite samples and its specific acitvity was in the range
recorded in the last years on the Romanian territory.
The radioactive concentration of H-3 in the atmo-
spheric deposition monthly composited was close to
the minimum detectable activity (3-6 Bq/l).

Gross beta activity for samples of drinking water
was always situated bellow the maximum allowed con-
centration (1 Bq/l).

For the sewage waters (canal Reactor and canal
IFA) the concentration of the total beta was close to
the warning limit of 1.85 Bq/1 during few days of May,
June and July. Co-60 was identified as contaminant
in those samples, in the range 2-4 Bq/] (combined un-
certainties: 0.2-1.3 Bq/l). In those days the values
recorded for total beta activity of the river water col-

lected downstream the spillflow were below 1 Bq/1 and
Co-60 was not detected. During 2002 the total beta
activity of the surface waters varied in the range 0.3-
1.6 Bq/l, the higher values being correlated to a higher
amount of suspended matter.

In river sediment samples Co-60 was detected only
at the sewage spillflow (canal Reactor), the average
radioactive concentration, 6.0 Bq/kg dry mass (2.0
Bq/kg combined uncertainty), being much lower than
thet recorded in 2001.

Gamma spectrometric analyses performed on an-
nual composite samples showed similar values to those
recorded in the previous years for Cs-137 radioactive
concentration. Average values were of 40 Bq/kg soil
and 8 Bq/kg river sediment (10 and respectively 2
Bq/kg combined standard uncertainties) and below
the detection limit for surface and sewage water sam-
ples (0.002 Bq/l). These values are characteristic to
the post-Chernobyl ones.

Gross beta values for spontaneous, cultivated vege-
tation and milk samples collected from the living area
in Magurele were in the same range to those recorded
in the previous years, and similar to the radioactive
concentration of K-40. Its concentration varied from
50 Bq/] for milk samples to 140 Bq/kg dry mass for
wheat samples. No artificial radionuclide was detected
in the analyzed samples of vegetation.

Regarding the monitoring of the Fort area, several
soil samples were radiochemically analyzed for Sr-90.

As part of the Quality Assurance and Control sys-
tem, samples of blanks, spikes and IAEA reference ma-
terials were analyzed on regular basis. The working
group has also participated in three intercomparison
exercises with the IAEA and DOE (USA).
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Adaptive response of human lymphocytes exposed to low dose of
gamma radiation

D. Savu!, M. Radu!, I. Petcu!
LIFIN-HH, Life and Environmental Physics Department

The main goals of the present work are: (a) to
study the induction of radioadaptive response in hu-
man lymphocytes and to establish the experimental
conditions for which this response is optimized; (b) to
evidence the relationship between the observed effect
and the phase of the cell cycle.

The radioadaptive response was assessed by the
chromosome aberration test. Human lymphocytes
were pre-irradiated with 1 ¢Gy or 5 ¢cGy (1 ¢cGy/min)
either before stimulation by phytohemaglutinin (for
GO study)) or at 20 h after stimulation by PHA (for
G1), followed by 1 Gy (1 Gy/min) at 46 h after stim-
ulation by PHA. After the irradiation with high dose,
the cultures were kept for 2 h in the incubator and then
the colcemid was added to the cultures (at 48 h). The
cultures incubated 2 h with colcemid were exposed to
kalium chloride and then fixed in acetic acid:methanol
(1:3). The fixed cells were dropped onto wet glass
slides and dried. Slides were stained with Giemsa for
the scoring of chromatid aberrations. 50 cells were
scored from replicate cultures for each treatment. We
considered only those metaphases that contained 46
chromosomes.

The following results have been obtained:

- the human lymphocytes pre-exposed in GO to 1
c¢Gy and 5 cGy exhibit an adaptive response to
the subsequent exposure at 1 Gy.

- the evolution of cytogenetic parameter chromo-
somal aberration in the case of lymphocytes pre-
irradiated in G1 is similar with that obtained for
lymphocytes pre-irradiated in GO.

- the maximal expression of adaptive response was
determined by delivering 1 cGy.

- the time interval between both types of succes-
sive irradiation’s is optimal for the induction of
the repair processes.

- the lymphocytes respond adaptively at low doses
of irradiation, regardless the stimulation by phy-
tohemaglutinin.

These results are in accordance with other reported
data which prove that human lymphocytes are able to
adapt to low dose irradiation so that they undergo less
damages at the cytogenetic level (micronuclei, chromo-
somal aberrations) when exposed to consecutive high
dose irradiation.

Adaptive response of yeast cultures (saccharomices cerevisiae)
exposed to low dose of gamma radiation

Agnes Kulcsarl!, D. Savu?2, Raluca Gherasim 2, I. Petcu?

! Institute of Biophysics, Szeged, Hungary
2IFIN-HH, Life and Environmental Physics Department
3 University of Bucharest, Faculty of Biology, Bucharest, Romania

The present study was planned as follows:

i set-up of standard experimental conditions for
investigation of radio-induced adaptive response
in lower Eucaryotes.

ii development of a procedure for synchronizing
Saccharomyces cerevisiae X 310 D cell cultures
and cell cycle stages monitoring.

iii investigation of gamma (Co-60) and UV irradia-

tion effects on the viability of synchronized and
non-synchronized cell cultures of Saccharomyces
cerevisiae; the effects were correlated with the
cell density and cell cycle stage.

iv study of the adaptive response induced by irradi-
ation and set-up of the experimental conditions
for which this response is optimized.

The irradiation were performed by using a Co-60
with doses of 102-10* Gy and dose rates ranging from
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2.2 102 Gy/h to 8.7 10 Gy/h. The study of radioin-
duced adaptive response was performed applying a
pre-irradiation treatment of 100-500 Gy, followed by
challenge doses of 2-4 kGy delivered at different time
intervals, ranging from 1 h to 4 h.

The survival rate of synchronized and non-syn-
chronized cultures as a function of exposure dose shows
an exponential decay shape. No difference in viability
of the cells occurred between synchronized and non-
synchronized cultures.
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The pre-irradiation of cells with 100 and 200 Gy
were most efficient to induce an adaptive response for
the yeast cells.

In this stage of work we proved the occurrence of
the adaptive response in the case of synchronized yeast
cultures exposed to gamma radiation. The results will
be used in the future to investigate the dependence of
this response on the cell cycle and the possibility to

induce such a response by a low level electromagnetic
field.

Nuclear and atomic techniques in air pollution studies by transplant
lichen exposure, bulk deposition, and airborne particulate matter
collection after 6 months exposure

A. Pantelicd®, V. Cercasov?, E. Steinnes?, P. Bode*, H.TH. Wolterbeek *

LNIPNE-HH, Department of Applied Nuclear Physics
2 Institute of Physics and Meteorology, University of Hohenheim, Stuttgart, Germany
3 Department of Chemistry, Norwegian University of Science and Technology, Trondheim, Norway
4 Interlaboratory Reactor Institute, Delft University of Technology (IRI-TUDelft), The Netherlands

This work presents partial results obtained in the
study ” Air pollution monitoring by sampling airborne
particulate matter combined with lichen bioaccumula-
tor exposure”, in progress at IDRANAP Center of Ex-
cellence EU Project, ICA1-CT-2000-70023, WP2 [1].

Transplants of Fvernia prunastri and Pseudever-
nia furfuracea lichen species from the Italian Prealps,
were exposed for 6 and 12 months at six locations with
different degrees and types of industrial activity, as
well as on a background site with relatively clean air
(Fundata). At each investigated location, bulk deposi-
tion was collected for the same periods, while airborne
particulate matter was sequentially collected during 2
months, in parallel with those at a reference station
(Afumati).

Pollution in the investigated areas is mainly due
to the following industrial activities: steel making
(Galati); non-ferrous ore processing (Baia Mare); chem-
icals and non-ferrous industry (Copsa Mica); coal-fired
power plant and cement factory (Deva); traffic, coal-
fired power plants, inorganic dyes, and galvanic treat-
ment factories (Oradea); agriculture, mixed industry,
and traffic (Afumati).

The lichen material was analyzed by INAA, XRFA,
and ICP-MS, while the aerosol filters were analyzed
by INAA and XRFA, and the bulk deposition only by
INAA. XRFA was carried out at Stuttgart, ICP-MS
at Trondheim, while INAA at Bucharest (long lifetime
radionuclides) and Delft (short lifetime radionuclides,
and, in the case of bulk deposition, short and long life-
time radionuclides). The investigated elements having

relevant role in environmental studies were: As, Br,
Ca, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, Pb, S, Sb, Sc,
Se, V, and Zn. From among them, Cd, Co, Sb, and
Sc could only be determined by INAA and ICP-MS,
while Pb and S only by XRFA and ICP-MS.

After 6-month exposure, both lichen species showed
significant enrichment factors (relative to ”zero level”,
before exposure) for all the measured elements, ex-
cepting Br, Ca, K, and Mn. Small lichen enrichments
in Ca and Mn were determined on the sites with a
relatively high atmospheric availability of these ele-
ments (Galati, metallurgical industry). Pseudevernia
furfuracea alone revealed a small enrichment in Br on
all the sites excepting Copsa Mica (with a rather high
uncertainty).

A strong correlation between ”lichen enrichment”
and bulk deposition, with similar pattern for each
investigated element was observed. The highest en-
richment values for As, Ag, Au, Cd, Co, Cu, Pb,
S, Sb, Se, and Zn were measured on the sites with
non-ferrous industries in Copsa Mica, followed by Baia
Mare. Elements such as Fe, Mn, and Cr, originating
from the metallurgical industry, showed a significant
enrichment in Galati. The highest enrichment values
for V, which is especially emitted from oil burning,
were found in Afumati (near Bucharest).

The element concentrations in air, as indicated by
measurements of the suspended matter collected on
filters, were examined relative to Afumati ”reference
station”. High relative enrichments were noted as fol-
lows: As and Pb in Deva and Baia Mare; Cr, Fe, Mn,
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and Zn in Deva; Cu and Se in Baia Mare; Ca, Ni, and
V in Oradea. The high relative contents of Ni and
V found on the urban site in Oradea were probably
due to industrial oil burning. The ratios of the rel-
ative bulk deposition to the relative concentration in
air suggested the lowest degree of atmospheric ” wash-
out” to be found in Deva, especially for Ag, Mn, As,
Fe, Cr, Zn, and K.

The accumulating capacity of Evernia prunastri
and Pseudevernia furfuracea corresponding to these
specific environmental conditions was compared with
those of Cetraria islandica, Evernia prunastri, and Ra-
malina farinacea used in a previous comparative air
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pollution study involving exposure sites in Germany,
Italy, and Romania [2].
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Forster resonance energy transfer in the study of membrane rafts
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In biomembranes, glycosphingolipids and choles-
terol form very small (< 25 nm) assemblies, or ”rafts”,
in which specific proteins are more concentrated than
outside them. Forster resonance energy transfer
(FRET) between labelled antibody Fab fragments
bound to such proteins provides a tool to study these
rafts. Two FRET models for rafts have been devel-
oped:

i) co-localization of raft components by distribu-
tion at random into circular rafts of various sizes;
the raft area fraction could be either constant or
determined by the expression level. The mod-
elling is based on two simplified hypothesis: a)
FRET between raft donors and non-raft accep-
tors could be neglected and b) every non-raft
donor transfers energy to the raft acceptors as

they have been homogeneously distributed over
the whole membrane surface.

ii) dimer-like cluster model, by including cross-
terms that take into account FRET between
clusters and monomers; two dimer configurations
have been proposed when taking into account the
FRET exclusion spaces.

The models include consideration of distributions
of donors and acceptors over the surfaces of the re-
spectively labelled antibody fragments, considered as
spherical, in the limits of no and infinitely rapid homo-
transfer between donors due to (a) multiple donors on
the Fab surface and (b) high concentration of donor-
labelled Fab fragments in the rafts.
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Mitochondrial uptake of cytosolic calcium during metabolic
inhibition of MDCK cells might be ascribed to the reversal of the
mitochondrial Na+/Ca2+4 exchanger
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Objectives. The aim of this study was to investi-
gate the effects of ischemia on the [Ca?*] homeostasis
in renal distal tubular cells that are known to be highly
resistant towards ischemic conditions. To mimic renal
ischemia, metabolic inhibition (MI) with NaCN and 2-
deoxyglucose in Madin-Darby canine kidney (MDCK)
cells was used as an in vitro model. Intracellular Ca2+
([Ca?*];) and Na*t ([Nat];) concentrations and the mi-
tochondrial potential (AW ;) were monitored at 37°C
by fluorescence imaging microscopy.

Methods. MI induced a transient increase in
[Ca?*); from a resting value of 46+2 nM to a peak
value of 632+78 nM (n=12) after 20 min and a sub-
sequent decrease to 11849 nM during the next 25
min, despite the continuous presence of metabolic in-
hibitors. Second phase extrusion of Ca?t by Ca2*
ATPases in the plasma membrane was ruled out since
cellular ATP levels , as determined with a luciferine-
luciferase based assay, dropped to 3.2+£0.5% (n=6)
from control levels in 10 min of MI. Moreover, Ca2*
extrusion via the Nat/Ca?* exchanger (NCE) in the
plasma membrane was unlikely since [Na®]; increased
with a factor 4 in the first 20 min of MI (n=7).
Treatment with thapsigargin, a specific blocker of the
SERCA pumps, did not modify the biphasic behaviour
of [Ca2+]i during MI, excluding the possibility of
Ca2+ uptake in the endoplasmic reticulum (ER). Ac-
cumulation of Ca2" into the mitochondria after 20 min
of MI via the DYM-dependent Ca?* uniporter seemed
unlikely since DYM measurements revealed that DYM
dropped to 0+2% (n=8) of the control level in the
first 20 min of MI. Moreover, in the presence of the
mitochondrial uncoupler FCCP, the second phase of
the Ca2* transient during MI was still present. When
MI was applied under Nat free conditions, [Ca’*];
went up to 56567 nM (n=7) in 20 min of MI without

a subsequent decrease in [Ca’T];, suggesting a Na+-
dependent mechanism for removal of cytosolic Ca?*.
To evaluate the Ca?* uptake into the mitochondria via
the mitochondrial NCE acting in the reverse mode,
CGP37157, a specific inhibitor of the mitochondrial
NCE, was used. CGP37157 abolished the drop in
[Ca?*]; when administered from the onset of MI as
well as when acutely added just after the start of the
decrease in [Ca?*];. In summary, MI induces a tran-
sient increase of [Ca?*]; in MDCK cells.

Results. MI induced a transient increase in [Ca?*];
from a resting value of 46+2 nM to a peak value of
632+78 nM (n=12) after about 20 min. A subsequent
decrease to 118+9 nM occurred during approximately
the next 25 min. Under Na+ free conditions (n=7),
or when CGP37157 (CGP), a specific inhibitor of the
mitochondrial Nat /Ca?* exchanger (NCE), was used
(n=8), no second phase drop of [Ca?*]; was seen dur-
ing MI. Rhod2 spatially relates to the mitochondrial
probe MitoTrackerGreen (MTG). Rhod2 intensities in-
creased almost linearly to 434+46% (n=23) from the
control value in 60 minutes of MI. In contrast the
Rhod2 fluorescence gradually attenuated to 56+8%
(n=14) from initial levels in control experiments with-
out MI. In the presence of CGP, the MI-induced in-
crease in mitochondrial Rhod2 fluorescence was nearly
abolished (n=8).

Conclusions. Our results suggest that the second
phase decrease of [Ca?T]; is not due to Ca2+ removal
out of the cells nor Ca?t storage into the ER, but
rather due to Ca?t uptake into the mitochondria via
the NCE acting in the reverse mode. The mitochon-
drial buffering of cytosolic Ca?t might partly underlie
the high resistance of MDCK cells towards ischemic
conditions.



Applied Physics






Applied Physics

113

Inter-laboratory comparison of thorium content in three reference
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Three samples, a Thorium solution, a zircon sand
and a thorium ore, originating from an EU intercom-
parison exercise(!) were analyzed by two relative meth-
ods: ~-ray spectrometry and alpha track method(®,
the last one only applied to the Thorium solution.

In case of the gamma-ray spectrometry, the 232Th
activity concentration was determined by analyzing
the decay products 2?8Ac (911.2 keV and 969.0 keV),
212pp (238.6 keV), 212Bi (727.2 keV) and 298T1 (583.2
keV), the radioactive equilibrium of which was con-
sidered as already established; the 2°8 Tl activity con-
centration value was corrected for the branching ratio
(0.3594). The reported 232Th activity concentration
was the mean of the concentration values determined
for each decay product.

The detection efficiency calibration was established
using an "in-house” standard prepared utilizing a
Merck Thorium nitrate solution for the solid sam-

ples and the GESPECOR Monte Carlo simulation
package® for the solution sample.

The analysis of Thorium by the alpha track method
was based on the proportionality between the alpha
track density obtained in the etched track detector and
both the alpha exposure time, when the samples were
in intimate contact with the track detector and the
232Th activity concentration in the unknown sample
and reference material. A number of 12 samples were
analyzed using three ”in-house” standards; the final
value of the 232Th activity concentration was calcu-
lated as the mean of the results obtained for the 12
samples.

The specific ”in - house” standard for the alpha
track method was prepared by using the same cali-
brated Thorium nitrate solution.

The obtained results are presented in Table 1 by
comparison with the NPL (UK) reference values.

Sample Reported values NPL values Deviation from
[Bq g7 '] [Ba g !] NPL VALUE (%)
Th solution* 9.880 £ 0.490 | 10.716 £ 0.102 -7.8
Th solution** | 10.240 + 0.614 | 10.716 + 0.102 -44
Zr sand** 0.574 £+ 0.042 0.551 £+ 0.021 + 4.2
Th ore** 2.502 £ 0.150 2.494 + 0.032 + 0.3

* Values determined by the alpha track method.
** Values determined by the y-ray spectrometry method.

Table 1: Activity concentration of 232Th; comparative results

The relative differences between the 232Th activity
concentration values determined in the three intercom-
parison samples and the values supplied by NPL were
found to be less than 5%, when determined by the
~-ray spectrometry method, and less than 8% when
determined by the alpha track method. A good agree-
ment was found (3.6 % relative difference) between the
results obtained by the two analytical methods in the
case of Th solution.
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Bitumen is a colloidal system. It contains various
types of hydrocarbons of different molecular weights-
aromatic or aliphatic hydrocarbons, saturates and
other type of molecules. The main component of
this compound is asphaltene, a polynucleus aromatic
molecule with surfactant characteristics. These macro-
molecules associate together forming the asphaltene-
micelles, that in turn can further aggregate giving rise
to a GEL type bitumen. If the micelles can move in
the ”see” of maltenes, that is the rest of compounds
plays the role of a solvent, we deal with a SOL type
bitumen. This microscopic picture essentially gives
the temperature behavior viscoelastic properties of bi-
tumen. The resin content is also an important pa-
rameter. As the resin content is high, the asphaltene-
micelles are strong peptized and stabilized.

Many studies were devoted to the study of aggrega-
tion properties of asphaltenes extracted from bitumen
samples. However it is difficult to connect the clas-
sical physical constants -dynamical viscosity, elastic-
ity module- with microscopic model proposed. From
this point of view we think that a direct study of in-
ternal molecular dynamics of bitumen is a very useful
task for a better understanding of this compound. The
first measurements were carried out using a NMR ex-

periment on an ESSO bitumen sample. We continued
these studies using the quasielastic neutron scattering
method on two romanian bitumen samples. Using a fo-
cusing crystals method applied to a triple axis neutron
spectrometer we obtained the spectra of quasielastic
scattered neutrons at five temperature values -between
220 C and 144 0 C and at five momentum transfers.

As we deal with a hydrogenated compound the
scattering is an incoherent scattering dominated by
the scattering of protons. The reorienational diffusion
motions of various molecular groups are responsible for
the energy broadening of the incident resolution line.
The dependence of this line-broadening of the impulse
transfer reflects the type of diffusion performed by the
scattering unit. We interpret such curves in terms of
two jump-diffusion models developed by Chudley- El-
liott (1961) and Hall-Ross (1981). In the first one the
protons perform jumps between two equilibrium posi-
tions separated by an average length, 1. The residence
time in this position is to. The Hall-Ross model pre-
sumes jump-diffusion a markovian process according
to which successive jumps are uncorrelated but gov-
erned by a spatial gaussian isotropic distribution. The
experimental results are presented in table 1.

Hall - Ross Chudley-Elliott
T To X 10!t To Fo Dr = 12/67'0 To X 10t! l F(] DT = 12/67'0
(°0) (sec) (A)  (peV) (10~%cm?s71) (sec) (A)  (ueV) (10=%em?s71)
22 6.0 0.65 67.15 0.12 5.8 0.969 70.55 0.27
75 5.2 1.50 80.40 0.72 5.5 2.95 74.88 2.63
105 6.0 2.60 63.31 1.88 5.1 3.44  81.50 3.60
140 5.6 1.41 73.00 2.20 5.1 3.66 81.26 4.35

Table 1: The main results obtained from the fitting the experimental data with the two models. 7y - residence
time, ro, | - the lengths of the jumps, 'y - the line broadening, D, - the rotational diffusion constant

The Chudely- Elliott model apears to be more
suited. This jump diffusion model can describe the
proton dynamics involved in reorientational motions

of various molecular groups. The equilibrium posi-
tions of this protons are not randomly distributed but
in a molecular quasi-lattice.
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Measurement of the production yield for negative Bi-209 ions and
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In order to perform high sensitivity Accelerator
Mass Spectrometry (AMS) measurements of the
ratio 21°Bi/2%9Bi an important constraint is the to use
of a high ion current produced by the ion sputtering
source. Until now the information regarding the pro-
duction of negative Bi ions by sputtering with Cs™ is
rather sparse. The electron affinity (EA) is in some
extend proportional to the yield of produced negative
ions and can be used as a first approximation in this
evaluation. For Bi the EA is 0.95 eV [1].

To obtain reliable information about the produc-
tion yield of negative ions produced by the sputter
process of Cs* ions on Bi (in metallic and in other
chemical forms) we used the AMS injector deck and
performed an experiment in which all produced neg-
ative ion species were magnetic analysed. To deter-
mine the optimal sputtering yield of negative Bi ions
the targets were prepared as BiyOs, Bi(NO3)s; and
metallic Bi. The target material was mixed with Ag
and pressed into the source sample holder made of sil-
ver. Different fractions of Bi/Ag mixing have been
tested to determine the best mechanic resistance and
a good electric conductivity. The measurements were
performed using the AMS Injector [2]. The negative
ions produced in the sputter source are extracted and
accelerated up to 15 keV. Then, the negative ions pass
through the 90° analysing magnet where the selection
of the desired ion species is performed and are mea-
sured in the second Faraday cup situated at the exit
of the analyser.

In the experiment the negative ion current was
measured in both Faraday cups placed at the entrance
and at the exit of the magnetic analyser. In the first
cup, at the entrance of the analyser, we measure the
overall ion current accompanied by electrons. The
electron current is depending on the ion source op-
eration conditions and in our source this represents
about 20% from the total negative current. This frac-
tion can be determined by removing the electrons from
the total beam using the deflection produced with a
low static magnetic field at the ion source position. In
this way it was also possible to determine the trans-
mission through the magnet by integrating over the
entire analysed mass spectrum. In our experiments
the transmission was T = 70%. Two different energies
for the Cs™ ions were used in the experimental tests
to sputter the Bi target: 2.5 keV and 9.2 keV. The
extraction energy for negative ions was 15 keV and in
one case 25 keV. The current values of negative ions
were measured for a Cst sputter beam of 1.2 mA and

accelerated at an energy of 2.5 keV. The resume of the
obtained results is given in table 1.

Sample | Ag*| Uy, | Ueye| Bi | BiO| BiOg Ag
mixt| (kV)| (kV)| (nA)| (nA) (nA)| (nA)
Bi» O3 1:3 | 25 | 15 110 | 480 | 590 | 40
1:5 | 25 | 15 95 450 | 580 | 32
Bi(NO3)3| 1:2 | 2.5 | 15 100 | 500 | 1000| 45
1:5 [ 9.2 | 25 78 430 | 890 | 16
Bi metal | - 25 |15 |30 |95 | 120 | -

* mass ratio of silver to compound

Table 1: Currents of the analysed negative ions pro-
duced from sputtering different Bi targets.

It is obviously from the above data in table 1 that
Bi(NOs3)s gives the best negative ion current. For all
chemical forms the dioxide BiO, gives the best sputte-
ring yield. If we compare the current ratio Bi/Ag we
obtain a value which is within the measurement errors
close to the ratio of the EA given. The mean sput-
tering Cs current used was 1.2 mA and averaging over
the mass loss of all samples we measured a consump-
tion of Bi sample material of 5+1 mg / h x mA. Thus,
at a normal operation of the ion source the sample in
the source cathode should be exhausted after about 2
hours. Based on the measured data and on TRIM cal-
culation we have obtained an estimate of the yield of
negative Biions and compounds ( Bi—, BiO~, Bi027 )
produced by the sputtering of Bi(NO3)3 with Cst ions
of 2.5 kV, at normal incidence. Y~ (Cs/ Bi-nitrate)
= 0.8 (2)%. From the TRIM code a total sputtering
yield of Cs ions on Bi(NOs3); plus Ag (1:2) was cal-
culated to be Y = 2.4 ( sputtered ion/ incident ion).
This is the only calculated value that was used in the
determination of the negative yield of Bi ions and com-
pounds. The TRIM total sputter yield calculation is in
agreement with the measured mass loss of target ma-
terial ( A = 8% ) giving good support for the obtained
results.
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Radioactivity measurements and control solutions
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In our department, in the last years, a new line of
product has been developed concerning the radioac-
tivity measurements (portal monitor, gamma, source
detector, neutron monitor) Instruments of different de-
sign (hand-held, portals or steady-state) are intended
for detection and location of radioactive sources. Mon-
itors are intended for detection of radioactive and spe-
cial nuclear materials in vehicles, pedestrians, lug-
gage, as well as for prevention of illegal traffic of ra-
dioactive sources. Monitors provide audio and visual
alarms when radioactive and/or special nuclear ma-
terials are detected. Neutron dosimeters are designed
for dose equivalent rate for use around neutron produc-
ing equipment or sources. All devices can be recom-
mended to officers of customs, border guard and emer-
gency services, civil defense, fire brigades, police and
military departments or nuclear research or energetic
facilities. Incorporating micro controllers and new de-
sign, our products span almost all the spectra of ra-
dioactivity detection (gamma, beta, X and neutrons).
No special knowledge is needed for use of these instru-
ments as all service functions are performed automat-
ically (self-tests, background updating and thresholds
calculation).

Portal monitor

The Portal monitor is intended to be a checkpoint
in contamination control or in unauthorized pass of
radioactive materials. The portal monitor can be
installed both in open, unprotected to environmen-
tal conditions areas or in enclosed areas. It may
be used at pedestrian cross border points; at check
points of Nuclear Power Plants, enterprises of nuclear
industry, weapons manufacturing and storage plants,
nuclear waste disposal and storage sites; at the en-
trances to steel plants, the post-offices and airports,
the governmental offices, banks, private companies etc.
The monitor provides audio alarms when radioactive
and/or special nuclear materials are detected. The
monitor consists in a portal frame, which sustains 5
detectors. Fach detector is an assembly of a plas-
tic scintillator, a photo multiplier and the associated
electronics, all three elements coated in an aluminum
cylindrical capsule. Characteristics:

o Detects at least 1Ci radioactivity spread all over
the subject body in a 20 Roentgen/h overall
background

e Maximum detectable radioactivity 10Ci.

e Acquisition time between 1 to 10 seconds.

Neutron Monitor

The Neutron Monitor is derived from the Bonner
Spectrometer. The Bonner Spectrometer description
is quite simple: A proportional counter filled with he-
lium 3 at pressure between 2 and 6 atmospheres ids
the detecting element. It is covered with a thick layer
of hydrogen-rich material such as polyethylene. The
output signal is measured by the current in the conter
wire when it is biased to approximately +1000 volts.
Our Neutron Monitor is a portable, battery powerd
monitor for measurement of dose equivalent rate for
use around reactors, accelerators and other neutron
producing equipment or sources. The instrument mea-
sures the neutron dose equivalent rate in the units of
Sv/h. Tt is important to note that we need to know the
neutron energies to be measured so that the appropri-
ate energy response correction factors are coded into
the instrument driving calibrations. If these apriori
data is not available the Neutron Monitor can only to
offer plain counts/second. The appropriate diameter
for the polyethylene sphere was chosen to be 5 inches
(127 mm). The instrument is equipped with a micro-
processor and a 2 x 16 characters display unit along
with two push buttons. This simple setup configura-
tion permits to choose the acquisition time base and
the display mode (counts or Sv). Characteristics:

e Dose rate 1 Sv/h to 100mSv/h (neutron spec-
trum information is required before calibration)

e Energy response Thermal to 14 MeV

e Detector He 3 proportional counter surrounded
by 127 mm polyethylene sphere(SP9).

Portable gamma sources sniffer

The sniffer consists in Nal(Tl) crystal, a photo
multiplier and the associated electronics, all three ele-
ments coated in an aluminum cylindrical capsule with
a handle and a small 6 x 7 digits read-out. The as-
sociated electronics consists in a high voltage supply,
a preamplifier, a discriminator and a microprocessor.
The device is battery operated with 12 hours auton-
omy. An acoustic signal proportional with the count
rate along the count rate displayed on the display are
available. The sniffer incorporate a micro controller
which registers the counts, display them and signals a
threshold overcome. The main features include:

e Fault alarm probability less than 1073
e Non detecting probability less than 102
e Portable device weighting 2 kg.
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Micro-PIXE study of gold archaeological objects
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Several fragments of ancient gold objects coming
from an Eneolithical hoard and from Pietroasa ” Closca
cu Puii de Aur” ("The Golden Brood Hen with Its
Chickens”) hoard, unearthed on Romanian territory,
and two Romanian native gold nuggets samples were
analyzed using micro-PIXE technique. The purpose
of the study was to clarify the metal provenance, es-
tablishing if the hypothesis of local gold holds. To
reach this goal, trace and minor elements (Cu, Te, Sn,
Pb, Ti, Cr, V, Mn, Ta) and PGE (Platinum Group
Elements) concentrations were estimated. The pres-
ence of inclusions (micrometer size areas of composi-
tion different from the surroundings) was also checked.
The results obtained by microprobe experiments on
gold ancient artifacts, especially the inclusions find-
ings, provided some useful hints regarding the possible
provenance of the manufactured metal.

The micro-PIXE elemental mapping and point
analyses were made using the Nuclear Microprobe Fa-
cility at the Institute of Ion Beam Physics and Ma-
terials Research, Forschungszentrum Rossendorf, Ger-
many, in the frame of an European Union Large Scale
Facility Access (LSFA) action. This microprobe is
based on a 3 MV Tandetron accelerator and a Dan-
fysik magnetic quadrupole triplet for beam focusing.
A 3 MeV proton beam was used and the beam current
was about 400 pA. The beam was focused down to
6x6 mm?, rastering an 800x800 mm? area (128 x128
pixels elemental maps). The X-rays were detected us-

ing a Si(Li) detector positioned at 120° with respect
to the incident beam, and mylar absorbers of differ-
ent thickness were employed to reduce the soft X-ray
region of the spectra. The total accumulated charge
for the scanned areas was of the order of 3 uC. PIXE
spectra were analyzed using GUPIX code.

Ta inclusions on two samples from Pietroasa hoard
were found. These findings give strong support for
the hypothesis of using Ural Mountains gold ore as
a source for manufacturing these objects. The inves-
tigated Pietroasa hoard artifacts were proved to be
of different origins - different composition and even
different trace elements were present, confirming the
stylistic arguments.

We found some Si and Ca inclusions on two Ene-
olithic samples. The measurements gave further sup-
port to the hypothesis of the use of alluvial gold to
manufacture these Eneolithical artifacts.

The lack of Ir in the Romanian gold nuggets is
confirmed by the present measurements.

An archaeological work is in progress with respect
to these findings, containing the archaeological conclu-
sions of our measurements.

Further analyses on other artifacts belonging to the
same hoards are to be done. One must admit that
a correct answer to the question of the native metal
provenance used for each artifact will be a difficult task
as long as a comprehensive data bank for the compo-
sition of Euro-Asian native gold will not be available.

Contributios to large scale and performance tests of the ATLAS
online software

E. Bidescu!, M. Caprini!
I NIPNE-HH, Department of Applied Nuclear Physics

One of the sub-system of the Trigger/DAQ system
of the future ATLAS experiment is the Online Soft-
ware system. It encompasses the functionality needed
to configure, control and monitor the DAQ. Tts archi-
tecture is based on a component structure described
in the ATLAS Trigger/DAQ technical proposal [1].

Online Software is responsible for control, supervi-

sion and internal communication, excluding the event
data flow. For the final Atlas experiment in 2006 it
is expected that it will have to control up to 1000
processors. The core components are the run control,
process manager, configuration database, inter process
communication, message reporting system and infor-
mation exchange system. The auxiliary components
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are resource manager, online bookkeeper and the inte-  in the configuration database data file.
grated graphical user interface were in use for tests.

All the components are unit tested for functional- Timing measurements were performed for the tran-
ity, fault tolerance, performance and scalability. Ex- sitions shown in Figure 1 and defined as follows: Set-
tended functionality tests are performed at CERN and up: start online server infrastructure. Close: re-
remote institutes before each official release. The test move online infrastructure. Boot: start all supervised
objective was the verification of the scalability of the processes. Shutdown: stop all supervised processes.
system to a configuration containing a large number Cold start: start the supervised processes and go
of nodes. The aim was to study the interaction be- to the Running state. Cold stop: reverse of the cold
tween the components, to identify critical areas and start phase. Luke warm start: once all processes are
to investigate the variation and optimization of online  started and the controllers are in the Initial state, go
system parameters. The timing of the data acquisition to Running state. Luke warm stop: reverse of the
transition phases were recorded and analysed. luke warm start phase. Warm start: once all pro-

The information on all processes and their relation-  cesses are alive and all controllers are the Configured
ships the run control hierarchy in the online system as  state, go to the Running state. Warm stop: Reverse
well as startup and shutdown dependencies are defined  of the warm start phase.

Data Acquisition States and Transitions

running running
paused

configured configured

loaded i

loaded

! e e S @ e
initial 2 e - initial

{warm stopiwarm starti
i |

closed closed

cold stop !

cold start i |

Figure 1: Graphical view of data acquisition timing intervals

It was shown that the online system is capable of the next order of magnitude, the 4-level super parti-
running on 111 PCs controlling a 3 or 4 level hierarchy  tions with 300 and 1000 crate controllers were exer-
of up to 111 run controllers. Furthermore parallel par-  cised. Limits were found on the level of communica-
titions with a 2 level hierarchy of 11 run controllers tion and state transition coordination which will be
were run successfully demonstrating the principle of investigated further.
partition independence.

The set of incremental configurations was run se-
quentially to study the system behaviour with increas-
ing numbers of controllers and PCs. Aspects of inter-
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Gamma and proton degradation studies in optical transmission
materials

B. Constantinescu!, R. Bugoi®, P. Ioan!, M. Dragusin®, M. Bragoveanu?, M. Nemtanu 2

! National Institute for Physics and Nuclear Engineering, Department of Applied Nuclear Physics,
Bucharest-Magurele
2 National Institute for Laser, Plasma and Radiation Physics, Electron Accelerator Department,
Bucharest-Magurele

In 2002, studies on gamma and high-energy proton
irradiation-induced modifications in ultraviolet trans-
mission properties on KU1 quartz glass samples were
performed. The optical transmission components of
the future thermonuclear reactor will be expected to
maintain their transmission properties under high lev-
els of ionizing radiations (~5 Gy/h) during hundreds
of hours. For such applications, radiation-induced op-
tical absorption imposes a severe limitation. It is
therefore necessary to study the optical degradation
of suitable candidate materials, to assess the system
lifetimes. KU1 quartz glass is known to be radiation-
resistant. This type of silica glass, presently examined
within the ITER diagnostics program, has been stud-
ied under %°Co gamma and 3 MeV proton irradiation
at room temperature. For this, 0,8 mm thick samples
provided by TAE Kurchatov (Moscow) in the frame of
ITER programme have been gamma irradiated with
0.2 to 2 Mrad doses at a 20 kCi %°Co irradiator and
implanted using the Bucharest HVEC Tandem accel-
erator with 8x10'2 and 1,5x 10'* protons, respectively.
The implantation was performed with a small inten-
sity (<1 nA) beam, in order to keep the sample heating
as low as possible (RT conditions). The proton irra-
diated area on the sample was around 2 mm2. The
optical transmission properties (absorption, transmis-
sion and reflectivity) in the UV region have been mea-
sured with a Cary 4 VARIAN spectrophotometer. For
gamma irradiated samples two main absorption peaks
were observed: 215 nm (produced by E’ type defects)
and 240 nm (ODC II - oxygen-deficient center type

defects). There is a clear dose dependence of these
peaks intensity. As concerning the proton implanted
samples, for the lower dose, absorption peaks at 215
nm and 240 nm, similar in shape, but smaller in in-
tensity to gamma irradiation case, can be observed.
For higher dose, a supplementary 202 nm peak ap-
peared, splitting the 215 nm peak. In the upper re-
gion of UV spectrum (> 350 nm), same small peaks
are also presented, possibly due to defects as OH™
produced by the implanted hydrogen. The 3 MeV
protons produce considerable ionization, which is the
main cause of the energy loss at such low energies. The
knock-on ions displaced by the protons also produce
ionization. The result of the overall ionization is the
215 nm band. As concerning the number of induced
defects, our doses, equivalent to 4x10' p/cm? and
7,5x10' p/cm?produced 4x107° and 7,5x107% dpa,
respectively, in the 3 MeV protons range in quartz (80
pm), equivalent to 5x10~% and 9x10~* dpa for 1 cm.
At that damage level, we have considerably defects for-
mation, which gives an undefined general absorption.
This is the explanation for the aspect of our absorp-
tion curves in the region above 450 nm. We intend to
continue our KU1 studies using 14 MeV proton irra-
diation, because of the following advantages: at this
energy, the displacement damages simulate quite well
the 14 MeV high energy neutrons damages; and since
we are using a thin sample, the damage is more uni-
form throughout the thickness. However, we must be
careful that at 14 MeV protons, a certain amount of
radioactivity will be induced in the samples.
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A cyclotron neutron irradiation facility at IFIN-HH

I. Vatal, A. Danis!, D. Dudu!, E.A. Ivanov!, D. Plostinaru!, D. Catana', D. Sporea?

L NIPNE-HH, Cyclotron
2 National Institute for Lasers, Plasma and Radiation Physics

U-120 Cyclotron facility is used for fast neutrons
fields generation. The nuclear reaction produced by
deuterons on Be is the best neutron source, due to the
high yield and angular distribution strongly peaked
forward and low gamma ray production.

A maximum 10pA beam of 13MeV deuterons,
when incident on the thick Be target (165 mg/cm?),
produces a high neutron flux by stripping reactions.

A dosimetric characterization of the neutron fields
were performed prior to the radiation-damage studies.
The threshold detectors (}*°In, 1°7 Au), mica track de-
tectors (Th and U), ®LiF and "LiF dosimeters were
used to determine the neutron fluence and photon
doses, and to measure the total absorbed dose angu-
lar distribution. The neutron flux at 0° (i.e. in the
beam direction) was found to be equivalent to 2.13 108
neutrons/em?.s. pA , at 10cm distance from Be target.
The higher part of the energy spectrum was derived by
time of flight (TOF) spectrometer. The neutron en-
ergy spectrum shows a mean energy of 5.2MeV. The
neutron and gamma components of the mixed radia-
tion field give rise respectively to 138Gy/C and 2.38
Gy/C at 90cm distance from Be target. In practice, a
neutron fluence up to 10'® n/cm? can be obtained in
about two days, over an area 100 cm? [1].

The beam power (maximum 100W) released in the
Be target is removed by a flow of cooling water. At
full beam power, the highest temperature on the tar-
get does not exceed 50°C. Some precautions have been
taken to maintain the Be disk electrically insulated,
thus permitting on-line monitoring of the beam cur-
rent on the target .

During irradiations the neutron fluences were mon-
itored by activated foil dosimetry (°®Ni (n,p) *8Co
reaction) and mica track detectors. The absolute
accuracy is ~15% due to uncertainty in activation
cross-sections, but results are typically reproducible
to within a few percent. The measured uniformity of
neutron field in the region of irradiation (20cm x 8cm)
is beter than 25%.

By measuring the integrated beam current, the
time-stability of the neutron source was checked at
30 minute intervals during the irradiation; the current
was roughly constant over the irradiation period .
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2Na positron source for annihilation positron spectroscopy

C. Cimpeanu!, L. Craciun!, E. Dragulescu®, D. Dudu!, N. Miron2, P.M. Racolta!, Dana Voiculescu!

! National Institute for Physics and Nuclear Engineering ”Horia Hulubei”, Bucharest, Romania
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To extend the nuclear physics applications and to
perform the study of vacancy — type defects in met-
als, semiconductors, polymers etc., we decide to pro-
mote positron annihilation techniques. In order to
this goal we started a project of dedicated positron
sources produced at the IFIN-HH U-120 Cyclotron.
We have used the nuclear reaction: 2*Mg(d, a)??Na
and deuterons of 13 MeV energy. The paper present
the main steps of this procedure like as: general con-
ditions asked for 22NaCl sources, reactive chamber
and characteristics of Mg target, parameters for the
irradiation, radiochemical procedures to separate Na
from Mg after the irradiation and geometrical or me-

chanical requirements for dedicated NaCl source for
positron annihilation spectrometry. In the e™ lifetime
measurements the et death- start signals may be ob-
tained from prompt <y -quanta emitted from the NaCl
source (1,275 MeV photons).The 22NaCl stock solu-
tion obtained by radiochemical separation will keeping
in the quartz sealed ampoules in dry places and will
be dropped between the study materials before used
by positron spectrometry.

* International Conference on Applications of High
Precission Atomic & Nuclear Methods, Neptun Ro-
mania 2-6 sept. 2002 HIPAN
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Dedicated NaCl source for annihilation positron spectrometry
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! National Institute for Physics and Nuclear Engineering ” Horia Hulubei”, Bucharest, Romania
2 Institute for Applied Physics, Chisinau, Moldova Republic

To extend the nuclear physics applications and to
perform the study of vacancy — type defects in met-
als, semiconductors, polymers etc., we decide to pro-
mote positron annihilation techniques. In order to
this goal we started a project of dedicated positron
sources produced at the IFIN-HH U-120 Cyclotron.
We have used the nuclear reaction: ?*Mg(d, a)**Na
and deuterons of 13 MeV energy. The paper present
the main steps of this procedure like as: general con-
ditions asked for 22NaCl sources, reactive chamber
and characteristics of Mg target, parameters for the
irradiation, radiochemical procedures to separate Na
from Mg after the irradiation and geometrical or me-

chanical requirements for dedicated NaCl source for
positron annihilation spectrometry. In the et lifetime
measurements the et death- start signals may be ob-
tained from prompt v -quanta emitted from the NaCl
source (1,275 MeV photons).The ??NaCl stock solu-
tion obtained by radiochemical separation will keeping
in the quartz sealed ampoules in dry places and will
be dropped between the study materials before used
by positron spectrometry.

1. 5-th International Topical Meeting on Industrial
Radiation and Radioisotope Measurement Ap-
plications, Bologna, Italia, 9-14 iunie, 2002

Influence of the background approximation methods on the analysis
of gamma-rays spectra
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In any X- or gamma-rays spectrometry measure-
ment, the approximation of the continuum background
is important, because it influences strongly the net
area values and the associated uncertainties of the to-
tal absorption peaks and consequently, the activity de-
termination.

Two mathematical methods to describe the back-

ground situated under the peaks are tested: the first
using a step function and the second orthogonal poly-
nomials. These methods were applied to different spec-
tral regions having multiple peaks. The results ob-
tained from this work and the main conclusions are
presented here.
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Radon measurement with a radiation detector of ionization
chamber type in pulse mode

M.R. Calin', N. Valcov!
! NIPNE-HH, DFVM

Abstract: Measuring atmospheric radon is a highly
interesting area of environmental radiation protection.
As it is well known, the radon penetrates the human
organism by breathing the atmospheric air. The ra-
dioactive element is produced from the earth due to
processes involved in a chain nuclear disintegrations
and can also be produced or accumulated by other
sources such as building materials, which are part of
the buildings, underground stations, coal pits, salt
mines, quarries, etc. In various circumstances, it is
quite important that the volumic activity of the radon
and its progeny be checked, which justifies the wide
diversity of methods that have been developed for this
purpose.

One of the most widespread method is based
on the measurement of the average ionization cur-
rent produced by the radon circulation through an
ionization-chamber detector. This paper presents the

development of a lab device for monitoring the radon
volumic activity, using a radiation detector of ioniza-
tion chamber type (in 3 different variants). It is a
pulsed mode device, in which the measurement of the
average value of the ionization current is replaced by
a measurement of the ionization current pulses gener-
ated by alpha disintegrations within the sensitive vol-
ume of the detector. The ionization chamber thus
operates as a 4p counter, in which the radon and
its progeny are the alpha sources. The paper pro-
vides a mathematical evaluation of the efficiency of the
method and of the measuring device, based on a data
acquisition system and a special computing program,
which makes possible to study the time and amplitude
distributions of the pulses produced by alpha radiation
in the ionization chamber. Preliminary results have in-
dicated that the volumic activity of the radon and its
progeny can be measured with a 5%-6% uncertainty.
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Homologated procedure to obtain an uniform atom distribution of
the calibrated radionuclide in the solidified state of liquid reference
materials

A. Danis!, E. Tliescu?

! NIPNE-HH, Nuclear Engineering and Vacuum Department
2NIPNE-HH, Standardization, Metrology and Quality Laboratory

Any physical and radiochemical relative analysis
methods used for content measurements imply the use
of reference materials calibrated in the analyzed ele-
ment. In this case, especially for the analysis methods
based on it the track detection, the following require-
ments must be met both for the unknown samples and
the reference materials: i) the same or similar elemen-
tal matrix, ii) an uniform atom distribution of the an-
alyzed radionuclide, iii) the analyzed element concen-
tration value of the same order of magnitude and iv)
the same physical state and, for the powdered samples,
the same powder grain.

For the liquid samples, the uniformity of radionu-
clide atoms in the matrix is a real problem due to
the radiocolloidal and/or pseudoradiocolloidal states,
which, in time, can be naturally installed earlier or
later depending on different factors such as: the ele-
mental composition of the matrix, the type and quan-
tity of impurities, the pH of the liquid samples, the
investigated element concentrations and the duration
from the preparation moment of the calibrated solu-
tions up to their use as reference materials.

A new procedure to obtain an uniform atom distri-
bution of the calibrated radionuclide in it the solidified
state of the liquid reference materials, was carried out
by it the Track Detection Group in the NIPNE-HH. By
this procedure, a well determined volume of standard
solution calibrated in the analyzed element is trans-

formed into a plastic foil by dissolving of a well de-
termined quantity of Rhodoviol in the respective stan-
dard solution and applying special thermal and dry
treatments. The obtained foil is the it solidified sta-
teof the liquid reference material, which consists of the
calibrated element in the quantity equal with the cal-
ibrated element content in the determined standard
solution volume transformed. The new solid state of
the reference material assures a stable physical state,
a uniform atom distribution for an unlimited time pe-
riod as well as an easier handling. This procedure can
be applied to the unknown samples,too. In such way,
a similar matrix can be obtained both to reference ma-
terials and unknown samples.

Foils calibrated in U, Th, U and Th, and Ra were
obtained by authors by the proposed procedure.

The checking out of the homogeneity of the atom
distribution was performed using it the alpha track mi-
cromapping technique. All the alpha track micromap-
pings obtained for the plastic foils with U, Th, U and
Th, and Ra presented a uniform track distribution.
Therefore a uniform distribution of investigated ele-
ment atoms in the respective foils was assumed.

The alpha track density values, obtained by two
observers, for the same area in different measure places
of the track micromappings corresponding to the two
surfaces of the Th foil were not found different for more
than 4.7 %.

Th internal contamination of animals

M. Ciubotariu!, A. Danis?!
I NIPNE-HH, Nuclear Engineering and Vacuum Department

Since 1999, using the fission and alpha track mi-
cromapping technique for analysis of Th, the biodistri-
bution, retention and elimination of this element in the
internal contamination of animals have been studied.
At present, it the internal contamination by ingestion
was investigated and the other two internal contami-
nation ways it by inhalation and through wounds are
in progress under the CERES Program, Project no.

71/2001.

As any internal contamination study, these con-
tamination ways imply: i) animal contaminations
in pre-established conditions (contaminant amount,
number of administration doses, the time interval of
dose administration), as well as ii) establishing when,
which and how many samples will be collected from
the contaminated subjects during contamination and
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at their sacrificing.

The two internal contaminations, i.e. containation
by inhalation and through wounds, were already per-
formed in the following conditions.

Four Wistar-London breed rats, used as experi-
ment animals, were contaminated it by inhalation us-
ing an airtight device, designed and realized in our
laboratory, in which a fog, consisting in a fine pow-
dered state of dehydrated Thorium nitrate, was per-
manently generated by pulverizing. The animal bodies
were shielded from contamination, except their nose.
They were kept in these conditions during an hour.

Also, three rats were contaminated it through
wounds. Their wounds were applied behind their necks
by cutting out 1.5 - 2 square centimeters of hide. Using
identical aliquot parts of the calibrated Th solution of
(51.516+£0.412) gTh/1 concentration, corresponding to
the a Th Annual Limit Intake, the wounds of the rats
were moistened at different time interval and with a

Tracers, Radiopharmaceuticals and Radiometry

different administration number of Th solution doses.

After contamination the animals were kept in sep-
arate cages, in normal life conditions and under per-
manent surveillance up to their sacrificing.

In both internal contamination cases the animals
were sacrificed at different time intervals after their
last administrated dose and their vital organs were
sampled. These organ samples as well as their elim-
inations sampled every 24 hours, urine sparred from
excrements, were weighted, calcined, re-weighted and
then analyzed by the alpha/fission fragments track mi-
cromapping technique.

The micromappings obtained in etched track de-
tectors, representing the replicas by tracks of the Th
atom distributions in the analyzed samples, are stud-
ied by optical microscopy for qualitative and quanti-
tative determinations of the biodistribution, retention
and elimination of Th element. At present, these stud-
ies are in progress.

Evaluation of absorbed doses at the interface: solid surfaces -
tritiated water solutions

Cristian Postolache !, Lidia Matei!

! National Institute of Research and Development for Physics and Nuclear Engineering ” Horia Hulubei”,
Magurele, Bucharest, Romania, e-mail cristianpostolache@yahoo.com

Studies concerning the isotopic exchange H/D/T
in the system: elemental hydrogen — water and in the
presence of platinic metals on hydrophobic supports as
catalyst were carried out at ICSI Rm. Valcea Roma-
nia. Due to the very low energy of g-radiation emitted
by tritium, the direct measurements of dose absorbed
by the isotopic exchange catalyst using classical meth-
ods is practically impossible.

For this purpose an evaluation model was devel-
oped. The volume of tritiated water which can irradi-
ate the catalyst was represented by a semi sphere with
the radius equal to the maximal rate of §-radiation
emitted by tritium. The catalyst surface is represented
by a circle with a 0.2 ym radius and the same cen-

tre as the circle of the semisphere secant plane. Flow
rate of absorbed dose is computed with the relation:
= (1/100)(® ‘Em/m), where d = dose flow rate,
expressed in rad/s; & = total radiation flux which in-
teracts with the catalyst surface, expressed in erg; m
= catalyst weight, in grams. Total flux of available
radiation, ®, was determined as a function of three
parameters: a) total flow of tritium S-radiation emit-
ted in the semi sphere of tritiated water, dependent on
the volume and radioactive concentration; b) emission
coefficient on the direction of the catalyst surface; c)
attenuation coefficient (due to self-absorption) of the
tritium B-radiation in the tritiated water body.
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Studies of radiolytical and self-radiolytical processes in polyacrylic
hydrogels using RES spectrometry
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Due to remarkable capacity of water retain, poly-
acrylic (PAA) hydrogels represent an interesting alter-
native for tritium (tritiated water-HTO) liquid wastes
trapping. The study was developed on radiolytical
processes in PAA:HTO systems derivated from irradi-
aton of polymeric network by disintegration of tritium
atoms from HTO. The aim of these studies is the iden-
tification of polymeric structures and optimal storage
conditions.

RES studies of radiolytical processes were realized
on dry polyacrylic acid (PAA) and polyacrylic based
hydrogels irradiated and determined at 77 K.

In the study we observed the effect of swelling ca-
pacity of hydrogel on the formation of free radicals. In
RES spectres of irradiated PAA were identified a signal
with quintet structure attributed, in conformity with
literature, to radical from « position referred to car-
boxylic group. We also identified a triplet attributed

to a radical resulted by fragmentation of polymeric
main chain. In case of PAA hydrogels were identified
signals attributed to HO radical resulted form water
radiolysis, R-OO radicals resulted from the presence
of atmospheric O; in samples and a signal with quin-
tet structure more less splited like dry polymer. The
signal is attributed to a radical from the polymeric
main chain in « position referred to carboxylic group.
The decrease of split parameter is determined by ten-
sion of main chain as result of swelling, associated with
increase of § angle between pgaxis of C, radical and
the C, Cg Hg plane. RES analysis of labelled hy-
drogels indicate the presence of HO and COO radicals
resulted from internal primary effect . RES analysis of
PAA:HTO samples indicate the preponderant role of
the internal primary effect in selfradiolytical effects in
concordance with the role of secondary effects stopped
in RES study due to freeze material.

Tritium labelled colesterol its synthesis and stability studies

Cristian Postolache?!, Lidia Matei?!

! National Institute of Research and Development for Physics and Nuclear Energy ”Horia Hulubei”, M#gurele

By the detritiation of contaminated moderator
from Cernavoda Nuclear Power Plant a raw material is
obtained, with an economic value of ~ 3 USD/Ci . It
might be stocked for long-term in order to be used in
controlled fusion or, it might be immediately used in
the synthesis of labelled compounds with an economic
value up to 5 orders of magnitude higher than the raw
material.

Cholesterol-T-G was synthetized using the isotopic
exchange technic in heterogeneous catalysis. Two la-
belling methods were tested: (a) labelling at neutral
pH, and b) labelling at acidic pH. Higher specific ac-
tivities (54 Ci/mmol) were obtained when the second
method was applied, similar to those obtained in the
case of labelling through chemical synthesis.

The stability test of the labelled synthetized com-
pound consisted in two steps: one of theoretical analy-
sis and quantum chemistry modelling of the decompos-
ing processes, and the second one of identification of
critical stocking parameters of the labelled compound.

The quantum chemistry modelling of radiolytic
processes made it possible the highlightining of radi-
olytic interaction zone (LUMO orbital) and of labile
chemical bonds in the radiolytic process.

The chromatographic analysis of colesterol-T-G
samples confirmed the major role of the secondary
radiolytic processes. Due to this reason, the critical
stocking parameter of labelled colesterol is the radio-
chemical purity and working temperature.
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Synthesis and stability studies of acyclovir labelled with tritium

Lidia Matei!, Cristian Postolache®, Nicolae Negoita !
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Acyclovir, CsH11 N5 O3 is a biologically active com-
pound, with antiviral properties. The use of the ra-
dioisotopic labelled compound, accompanied by radio-
metric measurements in biological samples is recom-
mended in pharmacokinetical and pharmacodynami-
cal studies for promoting pharmaceutical products.

The labelled Acyclovir was obtained by isotopic ex-
change reaction in heterogenous catalysis, using Acy-
clovir as substrate and T, as labelling agent. Pd/C
and Pd/BaSO4 were used as catalyst and the mix-
tures dioxane-water-acetic acid or dimethylformamide-
phosphate buffer as solvents. Reaction time was 20-
25 hours. The raw labelled compound was puri-
fied by preparative thin layer chromatography, us-
ing the system: silicagel GF 254 activated at 110°for
one hour and n-buthylic alcohol: acetic acid: water
(4:1:1v /v /v).

The labelled compound was conditioned as aque-
ous solution. Characterization of labelled compound
was accomplished by determination of chemical and

radioactive concentrations and purities.

Radiolytical processes were evaluated by cuanto
chemical methods. Were analyzed the primary and
secondary radiolytical effects. For energetically mini-
mized molecular structure with charge +1 and multi-
plicity 1 was evaluated the primary effect by analysis
of binding energies and LUMO orbital distribution.
Secondary effects were evaluated by analysis of radical
HO attack over neutral molecular structure.

The values of binding energies associated with
LUMO orbital distribution indicate a radiolytical frag-
mentation especially for guanidic C-N bond.

Secondary effects study was developed by analysis
of reactions between acyclovir (in fundamental, exci-
tated, ionized states) water and active species from
radiolytical act. We analyzed the reaction enthalpies
and activation energies.

The results also indicate the radio sensibility of
guanidic C-N bond. The experimental results sustain
the results obtained from radiolytical simulation

Biosynthesis of dihydrotestosterone-1, 2-T

Lidia Matei®, Eduard Condac?, Cristian Postolache®

! National Institute of Research and Development for Physics and Nuclear Engineering ” Horia Hulubei”,
Magurele, Bucharest, Romania
2 Faculty of Biology, University of Bucharest, Romania; e-mail adin@bio.bio.unibuc.ro

Dihydrotestosterone-1,2-T was obtained by biosyn-
thesis using as substrate Testosterone-1,2-T. Labelled
testosterone was synthesized by selective hydrogena-
tion of 1A Testosterone acetate.

In this study was analyzed enzymatic activity of
5a reductase. Enzymatic activity was studied using
human skin and prostate tissue homogenates incu-
bated 1h at 37°C with labelled tritium testosterone.
As cofactor we used NADPH. After reaction stop-
ping, testosterone metabolites were extracted with
a mixture of cyclohexane/ethyl acetate. Product
separation was realized using Celite chromatographic
columns. As mobile phase we used a mixture of isooc-
tane/toluene. Labelled testosterone used as substrate
in enzymatic reaction was purified by column chro-

matography using previous system.

On collected fractions as result of chromatographic
elution were determined enzymatic activities using a
Packard liquid scintillation counter.

For metabolites identification were used testos-
terone, dihydrotestosterone, androstandione 3a and
34 androstandiols C-14 labelled as intern standards.

From radiochromatographic profiles were identified
base peak of testosterone used as substrate, peaks of
dihydrotestosterone, androstandione and also peaks of
3a and 38 androstandiols with very low intensity.

This study confirm the possibility of dihydrotestos-
terone and androstandione biosynthesis. Androstandi-
ols can be also synthesised with low yields.
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Summary

Purpose:In order to optimize radioimmunother-
apy (RIT) as a cancer treatment modality, it is nec-
essary to select the appropriate radionuclide and the
biomolecule carrier. We have developed the radiola-
beling with ¥®Re (B emitter) of anti-CEA Mab for
targeting CEA-producing tumors.

Material and Methods: Labeling was effec-
tuated by the addition of Nal®ReOys eluted from
188117 —188Re generator to a preformulated biomolecule
in SH prereduction form in the presence of a supple-
mental stannous ions. For the mathematical process-
ing of the obtained results we used interpolation func-
tions, as well as the different organs putted under in-
vestigation. Were used those interpolation functions
for which the standard error is zero, correlation coeffi-
cient is the unit and the analytic expression emphasize
generally exponential forms (the differential equations
specific to the radioactive biodistribution have expo-
nential integral curves as solutions).

Results:Radiochemical purity achieved was 92-
96%. The resulted solutions have a pH value 5-7 and
for intravenously uses only. The optimum filed of inter-
polation functions was determinate, comprising Hoerl,
Modified Hoerl, Heart Capacity, Gaussian, Logistic,
and Exponential type models. The optimum model
existing in that field was also determined, in the con-
dition in which the ratio between absolute error of the
biodistribution surface/the mean surface of the opti-
mum biodistribution is minimum.

Conclusion:The obtained optimum model has a
predictive character, allowing the identification of the
moment to which the maximum percent value for every
other time point in the considered time interval t, —t.

This mathematical model can be used for every other
pharmacokinetic paradigm.
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Production and chemical separation of 48-V radioisotope
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The positron emitter 8V isotope (T 12=16d, -
lines: 511 keV(100%), 983,5(100%), 1312( 97,6%) de-
serves interest in several fields of science. This is avail-
able for the transmitting scanning in the validation
process of PET-camera by its positron emission, can
be used for as an industrial monitor isotope by its -
photons having high energy and intensity and is also
suitable for biological study since it is the only ra-
dioisotope of the biological trace element, of V, which
can be a radiotracer by its longer half-life.

The 8V was produced by "*Ti(d,xn)*®V nuclear
reaction in the U-120 cyclotron with activity of 6 mCi.
The energy of irradiating beam was 13 MeV, its inten-
sity was 5 pA, and the metallic Ti target dimension
was 16x11x2 mm. For target cooling the circulated
water in back side was used. After 3 cooling days only
the **V and some *®Sc (T;,,=84d) produced by the
side nuclear reaction, *Ti(d,a)%¢Sc were found in the
target. For the preparation of source of 8V, the Ti
target was dissolved in HF and in sulfuric acid too.
The ionexchanging separation was developed for both
dissolving methods:

The dissolution of the chemically resistant Ti tar-
get is so violent in concentrated (3,5 % m/m) HF, that
it is necessary to carry out in polyethylene tube be-
cause of avoiding of the splash of the dissolved target.
An anion exchanging column, Dowex 1-8 (size 100-200
mesh, length 12 cm, ID 10 mm, treated 1 day earlier,
prepared fresh) was used for separation in HF media.
The reduced ionic form of Ti bond to resin, therefore
the dissolved target was saturated with sulfure-dioxid
produced in Kipp-equipment by the above chemical
reaction:

NaySO3 + 2 HCI 2 NaCl + H>SO;3

The treated solution was diluted to concentra-
tion of 2 mol/l of HF and the same concentration
of the HF was used as an eluent for separation.
Flow rate of the elution was 1 ml/min. The elu-
ate was colled fractionally. The fractions were mea-
sured by y-spectrometry, which detected only *8V.The
advantages of this method are the easy dissolution
of the target and the quick, complete separation of
48V.The disadvantage are the avoiding glassware, all
lab-equipments must be produced of HF-resistant plas-
tic material and the final product difficult to use due
to the aggressive HF media.

The sulfuric acid with concentration of 6 mol/l can
also dissolve the target, however it is much more diffi-
cult than by the HF.It needs heating under reflux for
6 hours.During the dissolution was forming the solid
salt of Ti in high amount.Only 50 % of the stohio-
metric necessary amount of sulfuric acid for fully dis-
solution was used because of avoid of dissolution of
the part of the target, in which the nuclear reaction
wasn’t produced.After the dissolution the liquid and
solid faze was separed and solid salts was dissolved
by 0,01 mol/] sulfuric acid.This soft acidic circum-
stance is necessary for effective separation on the Am-
berlit CG-50 column.The higher oxidation stage and
the peroxid-complex of Ti is guaranty for remaining
of Ti on the cationexchange column.Therefore 1 %
H50; in 0,01 mol/] nitric acid was added to the sam-
ple.The orange color is demonstrated the successful
chemical reaction.For ionexchange separation this so-
lution was used.The elution was carried out by 1 %
H505 in 0,01 mol/1 nitric acid as an eluent.The radio-
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chromatogram was determined by the same method
which was mentioned in the case of the separation in
HF media.The chemical yield of the separation was
more 95 %. The radionuclide impurity of #6Sc was
less 0,02 % determined by v-spectrometry.The chemi-
cal purity of 8V was 99,8 % in according to Ti deter-
mied by VIS-spectrophotometry using the absorbance
of peroxid complex of Ti in 420 nm approximately.The
advantages of this method are the softer chemical cir-
cumstances and the easy to use final product.The dis-

Obtaining of high specific activity
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advantages are the long dissolution time, the several
made by hand steps and the less separation ratio com-
pared with the sepoaration in HF media.For applica-
tion of any methods in production of *V with high
amount of radioactivity would be necessary some mod-
ificatiopns to fit the method for work in shielded box
by manipulators.

1. Annual Report of Institute of Nuclear Research
of the Hungarian Academy of Sciences Debrecen,
Hungary , nr.2001, martie 2002

186Re, 8 Re perrhenates to be

used for biomolecule labelling

C. Cimpeanu?!, M. Sahagia®

! Institute for Physics and Nuclear Engineering , POB MG-6, Bucharest, Romania

186Re and ®8Re, two strong beta and weak gamma
emitters having short half-lives, are intensely studied
as promising radionuclides for radiotherapy. Their use
for biomolecule labeling is mainly due to their similar
behavior with 2°"Tc. This paper presents the irradi-
ation operations in a 14 MW TRIGA SSR Reactor,

the chemical processing for obtaining of high activity
perrhenate solutions and the final characterization of
the products.

Journal of Radioanalytical and Nuclear Chemistry,
vol.252, nr.3, 2002

1%Re(Sn)HEDP - a therapeutic radiopharmaceutical: preparation
and biodistribution studies
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188Re(Sn)HEDP is a palliation agent for osseous
metastases radiotherapy; the breast, prostate or thy-
roid cancers generally metastasize to the skeleton with
severe bone pain. The aim of this study is a HEDP
kit formulation for 188 Re labeling with, establish of a
fast, reproducible and accurate labeling technique, as
well as the in vivo biological testing by biodistribu-
tion studies of ®8Re(Sn)HEDP obtained by different
labeling techniques. Preclinical (animal) studies are
required to determine the biological distribution and
the route and extent of excretion of the radiopharma-

ceutical.

The results concerning labeled compound biodistri-
bution show a good specific accumulation of
188Re(Sn)HEDP in bone, the radiation dose percent
to gram of investigated organ ratio is a labeling tech-
nique function. The best results were obtained for the
labeling in the conditions of an inert reaction atmo-
sphere, acid pH (0.5 - 1), using carrier added labeling
technique and incubation temperature 100 ° C.

Key-words: biodistribution, HEDP, radiotherapy,
188Re.
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Polyacrylic hydrogels, matrics for tritium liquide wastes storage
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Due to its high capacity for water absorption, poly-
acrylic acid obtained by radioinduced polymerization
of acrylic acid water solution, represent an interest-
ing alternative to HTO storage. Because changes in
polymer network were determined by the presence of
[ radiation emitted by tritium, radiolytical and self-
radiolytical studies are required for this application.
As tritium is a radioisotope with medium half-life (12
years), simulation of radiolytical processes resulted
during the storage period up to the quasitotal dis-
integration of radionuclide is necessary. Radiometric
studies using specific labelled compounds with tritium
were performed. The variation of gel/sol ratio with ab-
sorbed dose, absorbed dose rate and swelling degrees
were analyzed. Sol and gel fractions were determi-

nated by radiometric methods using polyacrylic hy-
drogels labelled with T at main chains of the polymer.
Simulation of radiolytical processes was realized using
~ radiation field emitted by a irradiation source of 5°Co
which ensures a maximum of absorbed dose rate of 3
kGy/h. Self-radiolytical effects were investigated using
labelled PAA in HTO with great radioactive concen-
tration (37-185 GBq/mL). Influence of radioprotectors
was analyzed too, but the most important parameters
in radiolysis and self-radiolysis of the hydrogel system
are detected to be the swelling degree. The experi-
ments suggest as optimum for HTO storage as tritium
liquid wastes a 1:30 PAA:HTO swelling degree at a
radioactive concentration of HTO in the range 18.5-37
MBq/mL.

Some considerations on the radioactive waste assay system

L. Dinescul, I. Vata!, R. Macrin!, LL. Cazan', Gh. Caragheorgheopol !, C. Razdolescu!

! National Institute of Research and Development for Physics and Nuclear Engineering ” Horia-Hulubei”,
IFIN-HH, P.O.Box MG - 6, RO - 76900 Bucharest, Romania

The movement and storage of containers of ra-
dioactive waste requires a characterization of radionu-
clides content, to verify the conformance with trans-
portation and waste acceptance requirements. Since
a low level of detection is desired, the gamma spec-
troscopy is often the only viable method for the con-
tent assay. This method is based on the gamma spec-
trum analysis and requires a suitable efficiency cali-
bration for bulk containers.

The present study is focused on the efficiency cali-
bration of the gamma spectroscopy system for a drum
waste assay, constructed in IFIN-HH. In order to min-
imize the effect of non-homogeneities (matrix density,
radioactive source distribution, etc) and to obtain a
complete covering of the surface of the drum, the
system is provided with an electromechanical device,
which assures the simultaneously rotation and horizon-
tal translation of the drum. A double translation (for-
ward and backward) is performed to obtain the best
possible accuracy, independent of the distribution of
radioactive material in the drum. A lead collimated
Ortec HPGe detector of 20% relative efficiency con-

nected to 8192 channels MCA was used.

The radioactive waste is generally conditioned in
2201 stainless steel containers. For the efficiency cal-
ibration we used a similar drum filled with Portland
cement and a linear source of 1%2Eu A= 91.02+ 4.55
MBq) produced by the radionuclide metrology group
from the radioisotope department, IFIN-HH. The cal-
ibration drum is provided with 7 hollow tubes of 20
mm diameter, placed at different distances from the
center of the drum. The linear calibration source was
introduced successively in the 7 tubes and the gamma
spectra were collected, while the drum was rotated
and simultaneously translated. Using ASPERA 8k
software (developed by IFIN-HH) the gamma spec-
tra were analyzed and the average values of the net
peak area for each of the selected energies (121.8 keV,
344.2 keV, 778.9 keV, 1112 keV and 1408 keV) and
for each radial source position were obtained. These
values were integrated over the drum volume and the
total response of the detector was obtained. The de-
tection efficiency was calculated for each of selected
energies. The calibration curves for several values of
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the cylinder radius, considering an approximately uni-
formly distributed source are shown in fig. 7
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Figure 1: The dependence ¢ = f(E) for six waste
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cylinders having different radiuses, inside the drum.

The minimum detectable activity (MDA) for the
given geometry - a collimated HPGe (20% relative ef-
ficiency), a 2201 cement filled drum and 10 min. mea-
suring time is approximately 45 Bq/kg for 137Cs and
60Co. These values of MDA are considered as detec-
tion limits of the system. By increasing the measuring
time, smaller values for MDA could be obtained.

The total measurement uncertainty ranges from -
70% to + 40% including the worst cases where the
total activity is concentrated in one point located in
center-bottom of the drum, for gamma ray energy less
then 500 keV.
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Abstract

The paper presents the results obtained in the
standardization of %3Zn by using the 47PC-y coinci-
dence installation of the Istituto di Metrologia delle
Radiazioni Ionizzanti (INMRI), C.R.Casaccia, ENEA,
Italy, by the efficiency extrapolation method. The ba-
sic relations existing between 47PC efficiencies, coin-
cidence equations, as well as the experimental results
obtained in various conditions are presented. On the
47PC channel, two sets of measurements were carried

out: detection of the radiations from (K+L) electron
capture-8T, and from K electron capture-87; on the
gamma channel, the measurements were made by as-
suring linearity extrapolation conditions, by measur-
ing the 1115.6 keV quanta alone, and by approximate
accomplishment of linearity condition.

The obtained values of activity were compared
with the value determined by using a calibrated CEN-
TRONIC IG11/20A ionization chamber.

Standardization of tritiated water and 2°*T1 by TDCR liquid
scintillation counting

Anamaria Cristina Razdolescu®, Ph. Cassette?

! National Institute of R&D for Physics and Nuclear Engineering ” Horia Hulubei”- IFIN-HH, Atomistilor str.
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Abstract

The TDCR method (Triple to Double Coincidence
Ratio) was used to standardize tritiated water and a
solution of 204T1 with a combined uncertainty of 1-
2%. The vial with liquid scintillator, in which the
sample to be measured was dissolved, is optically cou-
pled with 3 photomultipliers. The electronic module
MAC-3 assures the selection of double and triple coin-
cidences count rates, D and T, from the three count-
ing channels. It contains the gating circuits necessary
to obtain the effective time value and the extended
dead time circuit. Specific computer programs, were

used to calculate the free parameter value, the effi-
ciency of D and so, the value of the activity. The
optimal value of the Birks ionisation-quenching pa-
rameter, kB, was evaluated by changing the detection
efficiency with grey filters. Three types of liquid scin-
tillators, namely InstaGel, PPO+POPOP+Triton in
toluene and Ultima Gold were employed. 29Tl was
measured in the frame of an international comparison
organized by BIPM. For tritiated water a comparison
was made with LNHB-Saclay; the relative difference
between the obtained values for the massic activity
was of only 0.2%.
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The radionuclide 8 Ga is mainly a positron emitter
(89.2%), with a half life of 67.7 min. It is used in
nuclear medicine, being chemically extracted from the
mixture %8 (Ge+Ga); its precursor, ®Ge, disintegrates
100% by electron-capture, with a half life of 271d.

A 4rbeta-gamma coincidence method was used for
standardization, with a 47 proportional beta detector
and a Nal(Tl) gamma detector. The capture radi-

ations were not registered using foil absorbtion and
a high beta threshold. Using supplementary foils for
positron absorbtion, an extrapolation graph was ob-
tained, with a slope of - 4,4%. Care was taken to
compensate for the loss of 8Ge, during the prepara-
tion of solid sources for measurement. A combined
uncertainty of 1.1% was estimated.
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International Conference on Applications of High Pre-
cision Atomic and Nuclear Methods, 2-6 September,
2002, Neptun, Romania, 2-6 September, 2002, Nep-
tun, Romania

S. Berceanu, A. Gheorghe

Realization of Lie algebras by first-order differential
operators with holomorphic polynomial coefficients on
Ké&hler coherent state orbits

talk by S. Berceanu at the Sophus Lie seminary, Hum-
bold University, Berlin 6-8 December (2001)

S. Berceanu and A. Gheorghe

Differential operators on orbits of coherent states
Oral communication by S. Berceanu at the First Na-
tional Conference on Theoretical Physics, September
18-16, 2002, Magurele Bucharest, Romania;
http://www.theory.nipne.ro/ctp2002/
proced/proced.html

also arXiv: math. DG/0211054 v 1 4 Nov. 2002, 10
p; to appear

S. Berceanu, A. Gheorghe

Linear Hamiltonians on homogeneous Ké&hler mani-
folds of coherent states

talk by S. Berceanu at "The fifth international work-
shop on differential geometry and its applications”,
Timisoara - ROMANIA, September 18-22, 2001, to
appear

Appendix

S. Berceanu

The coherent states: old geometrical methods in new
quantum clothes. A revisit

1st Annual Communication Session of the Theoretical
Physics Department, January, 24-25 2002 In memo-
riam Aretin Corcioivei

S. Berceanu

Asupra continuitatii scolii de geometrie de la Kazan
Comunicare orala la Academia Romana cu ocazia se-
siunii de comunicari a sectiei de stiinte matematice
a Academiei Romane, Bicentenar-ului Janos Bolyay:
Geometriile neeuclidiene, ieri si azi, 13 decembrie
2002

S. Berceanu

On the geometrical significance of the phase of the
scalar product of coherent states

?XXth Workshop on Geometric Methods in Physics,
Algebraic and Geometric Foundations of Quantum
Systems” Bialowieza, Poland, July 1 — July 7, 2001
A.Bercuci and KASCADE collaboration:

The measurements of muons with the KASCADE Cen-
tral Detector

18-th European Cosmic Rays Symp. (ECRS), Moscow,
Russia, July 8-12 (2002)
I.M.Brancus, J.Wentz, B.Mitrica,
H.Rebel, H.Bozdog, H.J.Mathes,
A.Aiftimiei, M.Duma and G.Toma
Experimental studies of the East-West effect of the
muon charge ratio at energies relevant to atmospheric
neutrino anomaly

16-th Int.Conf.on Particles and Nuclei (PANIC02)
Osaka, Japan, Sept.30- Oct.04.2002

I.M.Brancus, J.Wentz, B.Mitrica, B.Vulpescu,
M.Petcu, H.Rebel, H.Bozdog, H.J.Mathes,
A.F.Badea, A.Bercuci, A.Aiftimiei, M.Duma,
G.Toma and A.Meli

Measurements of the East-West effect of the muon
charge ratio at energies relevant to atmospheric neu-
trino anomaly

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

C.Buttner and KASCADE collaboration:
Muon production heights determined in the KAS-
CADE experiment

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

C.Buttner, K.Daumiller, P.Doll, K-H.Kampert,
D.Martello, R.Obenland, J.Zabierowski and
KASCADE collaboration:
Myonproduktionshohen und Myonlateralverteilungen
bestimmt mit dem Myon spurdetektor des KASCADE
Experiment

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG, Leiztig, 18-22 Marz, 2002, Verhandlungen

M.Petcu,
A.Bercuci,
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der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002) T. 401.6

V. Cercasov, A. Pantelica

On air pollution investigation in six Romanian cities
through lichen transplants used as bioaccumulators
and analysed by EDXRFA and INAA

International Conferece on Urban Air Pollution,
Bioindication  and  Environmental — Awareness
(EuroBionet2002), University of Hohenheim, Stuttgart,
Germany, 5-6 Nov., 2002

C.Ciortea, D.Dumitriu, D.Fluerasu, I.Piticu,
A.Enulescu, S.Z.Szilagyi, S.E.Enescu,
M.M. Gugiu and T.A. Dumitrescu

Inner-shell Vacancy Production and Multiple Ioniza-
tion Effects in .1-1.75 MeV/u Mn, Fe Co, Ni, Cu +
Au, Bi Collisions

National Physics Conference, September 26-29, 2002,
Tg. Mures, Romania (oral presentation)

D. S. Delion, A. Sandulescu, S. Misicu, W.
Greiner

Coupled channels description of cold fission processes
Proceedigs of the ”International Conference on Mod-
ern Sub-Nuclear and laboratory Experiment University
of Athens, Georgia, USA, September 11-13, 2002 (in
press)

D. S. Delion, A. Sandulescu, S. Misicu, W.
Greiner

The anisotropy in cold ternary fission

Proceedigs of the WE-Heraeus Seminar ”Symposium
on Nuclear Clusters: from Light FExotic to Super
heavy Nuclei” Rauischholzhausen, Germany, August
5-9, 2002 (in press)

D. S. Delion, A. Sandulescu, S. Misicu, W.
Greiner

Theory of binary and ternary cold fission

Proceedigs of the ”Third International Conference on
Fission and Neutron rich Nuclei” Sanibel Island, Flo-
rida, USA, November 3-9, 2002 (in press)

D.S. Delion, Insolia, R.J. Liotta

Anisotropic a-decay in deformed nuclei

Proceedigs of the CRIS-2002 Conference ”Exotic Clus-
tering”, Catania, Italy, June, 10-14, 2002 Eds. S.
Costa, A. Insolia, C. Tuve (American Institute of
Physics, New York, 2002) p.12-19

S. Dobrescu, L. Schachter
RECRIS-Romanian ECR ion source:
and experimental developments

The 9th International Conference on Ion Sources
ICIS’01, Sept. 2001, Oakland, California, USA
S.E.Enescu, I.Bibicu, A.Kluger, V.Zoran,
A.D.Stoica and V.Tripadus

Nuclear Method for Materials Investigations:
Rayleigh Scattering of Mossbauer Radiation
Energetica Nucleara - Prezent si viitor, 30 de ani de
activitate in domeniul energeticii nucleare la Institutul
de Cercetari Nucleare Pitesti, iulie 2001

performances

the
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S.E.Enescu, I.Bibicu, A.Kluger

A Study of the Pyrolytic Graphite by Rayleigh Scat-
tering of Mssbauer Radiation

5th Seeheim Workshop on Mssbauer Spectroscopy, May
21-26, 2002, Seeheim, Germany

M. Falcitelli, S. Ianug, A. M. Pastore and M.
Visinescu

Some applications of Riemannian submersions in phy-
sics

Talk ot the First National Romanian Conference on
Theoretical Physics, Bucharest, Romania, September
13-16, 2002; to appear in Proceedings

A.Gentils, L.Thomé, J.Jagielski, S.E.Enescu,
F.Garrido, M.Beauvy, G.Blaise

High Temperature Behavoiur of Fission Product Ana-
logs Implanted into Nuclear Ceramics

IV International Symposium ”Ion Implantation and
other Applications of Ions and FElectrons”, Kazimierz
Dolny, Poland, June 10-13, 2002

D. Grecu, Anca Visinescu

Bound state of two solitons in a Davydov model. Evo-
lution in higher order approximation

Conferinta Nationala de Fizica, Iasi, Oct. 2001

D. Grecu, Anca Visinescu

Influence of third order dispersion on the bound state
of two solitons of the NLS equation
Conferinta Nationala de Fizica, Tg.
2002

D. Grecu, Anca Visinescu
Modulational instability in some nonlinear one—dimen-
sional lattices and soliton generation

The 3-rd International Spring School and Workshop
on Quantum Field Theory and Hamiltonian Systems,
Calimanesti, May 6-12, 2002

D. Grecu, Anca Visinescu

Statistical approach of the modulational instability of
the discrete self-trapping equation
Conferinta Nationala de Fizica, Tg.
2002

M.Hambasch, J.R.Horandel and KASCADE
collaboration:

Untersuchung der Ankunfstverteilung von Hadronen
in Luftshowern.

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPGQ, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002)T 101.1

A.Haungs and KASCADE collaboration:
KASCADE: a unique tool for high energy cosmic rays
measurements

21-sr Symp.on Relativistic Astrophysics, Firenze, Italy,
Dec.9-13, (2002)

A.Haungs and KASCADE collaboration:
Muon density spectra as probe of the muon component
at the air shower simulations.

Mures, sept.

Mures, sept.
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12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

J.R.Horandel and KASCADE collaboration:
Hadrons in extensive air showers.Recent results of
KASCADE hadron calorimeter

18-th European Cosmic Rays Symp. (ECRS), Moscow,
Russia, July 8-12 (2002

J.R.Horandel and KASCADE collaboration:
Inconsistencies in EAS simulaitons-longitudinal vs.
lateral development

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

J.R.Horandel and KASCADE collaboration:
Interactions with high transverse momentum in EAS
12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

J.R.Horandel and KASCADE collaboration:
Measurement of the energy spectrum of unaccompa-
nied hadrons at the sea level

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

J.R.Horandel and KASCADE collaboration:
Test of high energy hadronic interaction models with
the KASCADE hadron calorimeter. Particle physics
with EAS detectors.

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

K.H.Kampert and KASCADE collaboration:
The physics of the knee in the cosmic-ray spectrum.
Recent results from KASCADE

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG@, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002)HK /.1

K.H.Kampert and KASCADE collaboration:
KASCADE-Grande: Measurements of cosmic rays in
the energy range from 10'6- 1018 eV.

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

K.H.Kampert and KASCADE collaboration:
The knee in the cosmic ray spectrum.Reent results
from KASCADE.

18-th Int. Workshop on Weak Interactions and Neu-
trinos (WIN) Christchurch, New Zeeleand, Jan.21-26,

2002
V.M Karnaukhov, C. Coca, V. I. Moroz

Processes with a possible formation of exotic states
International Seminar on High Energy Physics Prob-
lems, SHEPP XV, Dubna 2001; Proceedings, vol II
page 150
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A .Kluger, S.E.Enescu, I.Bibicu, C.Ciortea, and
A.Enulescu

Data acquisition system for Rayleigh scattering of
Mossbauer radiation

National Physics Conference, September 26-29, 2002,
Tg. Mures, Romania

G.Maier, K.H.Kampert, H.Schieler, H.Ulrich,
J.Van Buren and KASCADE collaboration:
Suche nach siderischer Anisotropie der kosmischen
Strahlung mit dem KASCADE-Experiment
Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002)T 201.7

J.Milke and KASCADE collaboration:

Test of hadronic interaction models with the KAS-
CADE hadron calorimeter

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

R.Obenland, C.Buttner, K.Daumiller, P.Doll,
K-H.Kampert, D.Martello, J.Zabierowski and
KASCADE collaboration:

Ausflosung des Myonspurdetektors von KASCADE
Physikertagung gemeinsam mit der Fruhjohrstagung
der DP@, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002) T.208.4

Agata Olariu, Ragnar Hellborg, Kristina Sten-
strom, Bengt Erlandsson, Mikko Faarinen, Per
Persson

Dating of Some Fossil Romanian Bones by Accelerator
Mass Spectrometry

International Conference on Applications of High Pre-
cision Atomic and Nuclear Methods, 2-6 September,
2002, Neptun, Romania

C. Riccardi, .., D. Pantea et al. [FOCUS Col-
laboration]

Results on Charm Mixing and CP violatipn from FO-
CUS

International Conference on CP violation, Pisa, Italy,
12-17 June, 2001

G. Boca, .., D. Pantea et al. [FOCUS Collabo-
ration]

New Results on Charm Decays and Lifetimes from Fer-
milab Experiment FOCUS

International Conference on HEP, Budapest, Hun-
gary, 12-18 July, 2001

R. K. Kutschke, .., D. Pantea et al. [FOCUS
Collaboration)]

Charmed Hadron Spectroscopy at FOCUS

Frontiers in Contemporary Physics I - Nashville, TN
5-10 March, 2001

S. Bianco, .., D. Pantea et al. [FOCUS Collab-
oration)]
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Spectroscopy Results from FOCUS

International Conference on HEP, Budapest, Hun-
gary, 12-18 July, 2001

A. Pantelica, V. Cercasov, E. Steinnes, H.Th.
Wolterbeek

Use of nuclear and atomic techniques in air pollution
studies by transplant lichen exposure, bulk deposition,
and airborne particulate matter collection in Romania,
International Conference of Applications and High
precision Atomic & Nuclear Methods (HIPAN2002),
Neptun, Romania, 2-6  Sept., 2002,
http://www.nipne.ro/Cenex/cex_eur.htm

(DIRAC Collaboration) J. Saborido, ..., Gh.
Caragheorgheopol, S. Constantinescu, M. Ili-
escu, M. Pentia, C. Petrascu, T. Ponta, D. Pop,
et al.

Di-meson lifetime measurement with DTIRAC
MESON 2002 Workshop, May 2002, Cracow [Poland].
(DIRAC Collaboration) L. Afanasyev, ..., Gh.
Caragheorgheopol, S. Constantinescu, M. Ili-
escu, M. Pentia, C. Petrascu, T. Ponta, D. Pop,
et al.

Measurement of 7t 7~ atom lifetime at DIRAC
ICHEP 2002 Conference, 24-31 July 2002, Amsterdam
[USA].

(DIRAC Collaboration) V. Yazkov, ... , Gh.
Caragheorgheopol, S. Constantinescu, M. Ili-
escu, M. Pentia, C. Petrascu, T. Ponta, D. Pop,
et al.

Experimental investigation of 777~ atoms

The 5th Conference Quark Confinement and the Hadron
Spectrum, 10-14 September 2002, Gargnano, Garda
Lake [Ttaly].

DIRAC Collaboration: A. Lanaro, ..., M. Pen-
tia, Gh. Caragheorgheopol, S. Constantinescu,
C. Petrascu (Curceanu), M. Iliescu, T. Ponta,
D. Pop, et al.

7K atom: observation and lifetime measurement with
DIRAC

Proc. Int. Workshop on Hadronic Atoms
[HadAtom01], 11-12 October 2001, Bern [Switzer-
land], Eds. J. Gasser, A. Rusetsky and J. Schacher,
BUHE-2001-07, 2001

DIRAC Collaboration: A.M Rodriguez Fer-
nandez, ..., M. Pentia, Gh. Caragheorgheopol,
S. Constantinescu, C. Petrascu (Curceanu), M.
Iliescu, T. Ponta, D. Pop, et al.

The DIRAC experiment at CERN: current status and
future perspectives

9th International Symposium on Meson-Nucleon Phy-
sics and the Structure of the Nucleon, 26-31 July 2001,
Washington DC [USA], 2001

DIRAC Collaboration: C. Santamarina, ..., M.
Pentia, Gh. Caragheorgheopol, S. Constanti-
nescu, C. Petrascu (Curceanu), M. Iliescu, T.
Ponta, D. Pop, et al.
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DIRAC (PS-212) experiment at CERN

Proc. Int. Workshop on Hadronic Atoms
[HadAtom01], 11-12 October 2001, Bern [Switzer-
land], Eds. J. Gasser, A. Rusetsky and J. Schacher,
BUHE-2001-07, 2001

DIRAC Collaboration: P. Kokkas, ..., M. Pen-
tia, Gh. Caragheorgheopol, S. Constantinescu,
C. Petrascu (Curceanu), M. Iliescu, T. Ponta,
D. Pop, et al.

Dimeson lifetime measurement with DIRAC at CERN
Proc. Int. Workshop on Chiral Fluctuations in
Hadronic Matter, 26-28 September 2001, INP Orsay
[France], 2001

A.M. Rodriguez Fernandez, .., T. Ponta et al.
[DIRAC Collaboration]

The DIRAC Experment at CERN: Current Status and
Future Perspectives

9th  International Symposium on Meson - Nucleon
Physics and the Structure of the Nucleon (MENU
2001), Washington, District of Columbia, 26-31 Jul
2001.

Published in PiN Newslett.16:352-354, 2002

L. Afanasev, .., T. Ponta et al. [DIRAC Col-
laboration]

Detection of Atoms Consisting of pi+ and pi- Mesons
at PS CERN

9th International Conference on Hadron Spectroscopy
(Hadron 2001), Protvino, Russia, 25 Aug - 1 Sep 2001.
Published in AIP Conf.Proc.619:745-748, 2002

Also in *Protvino 2001, Hadron spectroscopy™ 745-748

E.A.Preoteasa, C.Ciortea, B.Constantinescu,
Daniela Fluerasu, Sanda-Elena Enescu,
D.Pantelica, F.Negoita and Elena Preoteasa
Analysis of composites for restorative dentistry by
PIXE, XRF and ERDA

9" International Conference on PIXE and its Appli-
cations (PIXE2001) June 8-12, 2001, Guelph, Canada

R.A. Ionescu, H. Wolter

Equal-time hierarchies for one-particle Green func-
tions

Strong Non-equilibrium Matter, Workshop on Quan-
tum Transport in Relativistic Heavy Ion Physics of
the Furopean Graduate School Copenhagen-Giessen
?Complex Systems of Hadrons and Nuclei”, Novem-
ber 2001, Giessen, Germany

M.Roth and KASCADE collaboration:
Determination of primary energy and mass in the PeV
region by Bayes unfolding technique

12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

M.Roth and KASCADE collaboration:

Eine nichtparametrische Entfaltung zur Bestimmung
der elementspektren der geladenen kosmischen strah-
lung im PeV Bereich



154

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG@, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002) T 201.6

L. Schachter, S. Dobrescu, G. Rodrigues, A.
Drentje

Enhanced highly charged ion production using a metal-
dielectric liner in the KVI 14 GHZ ECR ion source
The 9th International Conference on Ion Sources
ICIS’01, Sept. 2001, Oakland, California, USA
H.Schieller and KASCADE collaboration and
LOPES collaboration:

KASCADE Extensive Air Schauer Experimen

SPIE Astronomical Telescopes and Instrumentation
Hitton Waikoloa, Hawaii, USA, Aug.22-28, 2002

J. Scholz, A.Haungs, M.Roth and KASCADE
collaboration:

Untersuchung von Luftschauern an der Treiggerschwelle
von KASCADE

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG@, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002) T 101.6

Kristina Stenstrom, Ragnar Hellborg, Mikko
Faarinen and Per Persson, Goran Skog, Agata
Olariu, Silviu Olariu, Dan Cutoiu
Radioecological applications of 14C measurements at
the Lund Accelerator Mass Spectrometry (AMS) Fa-
cility

International Conference on Applications of High Pre-
cision Atomic and Nuclear Methods, 2-6 September,
2002, Neptun, Romania

L.Thomé, A.Gentils, S.E.Enescu, J.Jagielski,
F.Garrido

On the Use of Ion Beams for the Selection of Nuclear
Waste Matrices

International Conference on Application of High Pre-
cision Atomic&Nuclear Methods (HIPAN2002),
September 2-6, 2002, Neptun, Black Sea Coast, Ro-
mania

H.Ulrich and KASCADE collaboration:

Appendix

Energy spectra of cosmic rays in the knee region
12-th International Symp.of Very High Energy Cosmic
Interactions (ISVHECRI) CERN, Geneve, Switzer-
land, July 15-20, 2002

H.Ulrich, R.Glasstetter, K.H.Kampert, G.Maier
and KASCADE collaboration:

Bestimmung primaerer Energiespektren einzelner Mas-

sengruppen der kosmischen Strahlung in Bereich des

Knies.

Physikertagung gemeinsam mit der Fruhjahrstagung

der DPG, Leiztig, 18-22 Marz, 2002, Verhandlungen

der Deutschen Physikalischen Gesellschaft, R.6, Bd.37

(2002)T 201.3

J. Van Buren, K. H. Kampert,
G.Maier, H.J.Mayer, H.Schieler, H.Ulrich and
KASCADE collaboration:

Bestimmung des Energiespektrums des kosmischen
Strahlung in Bereich des Knies mit Hilfe von Schauer-
groessenspektren

Physikertagung gemeinsam mit der Fruhjahrstagung
der DPG, Leiztig, 18-22 Marz, 2002, Verhandlungen
der Deutschen Physikalischen Gesellschaft, R.6, Bd.37
(2002)T 201.4

M. Viginescu

Fermions in Taub-NUT background

Invited talk ot the Fifth Workshop on ”Quantum Field
Theory under the Influence of External Conditions”,
Leipzig (2001), to be published in Int.J.Mod.Phys. A
(2002)

M. Visinescu

Fermions in Taub-Newman-Unti-Tamburino
background

Invited lecture ot the International Workshop ”Quan-
tum Gravity and Superstings”, JINR-Dubna, Russia,
July 11-18, 2002

M. Visinescu

Spinning particles, Dirac-type operators on curved
spaces and the role of Killing-Yano tensors

Invited lecture at the Spring School and Workshop on
"QFT and Hamiltonian Systems”, Calimanesti, Ro-
mania, May 6-12, 2002; to appear in Proceedings
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Scientific Exchanges

Foreign Visitors

Dimiter L. Balabanski

Faculty of Physics, University of Sofia, BG-1164 Sofia,
Bulgaria

Cercasov V.

University of Hohenheim, Institute of Physics, Stutt-
gart, Germany, 21-30 Aug., 2002, Summaries, pp. 45
Ragnar Hellborg

Lund University, Department of Physics, Division of

Nuclear Physics, Box 118, SE-221 00 Lund, Sweden
V.M Karnaukhov

JINR, Dubna, Russia

R. Kristic

CERN, Geneva, Switzerland.

A. Schopper
CERN, Geneva, Switzerland.

Visits Abroad

I. Caprini

CERN, Geneva, Switzerland.

I. Caprini

Center of Theoretical Physics, Marseille, France.

I. Caprini

ICTP, Trieste, Italy.

I. Caprini

Institute of Theoretical Physics, University of Berne,

Switzerland.
C. Coca

CERN, Geneva, Switzerland.

C. Coca

University of Cambridge, Cambridge, United King-
dom.

C. Coca

University of Rio de Janeiro -UFRJ, Rio de Janeiro,

Brasil.
S. Dobrescu

Frankfurt/Main, Germany, Institut fir Kernphysik
der J. W. Goethe Universitét, oct.-nov. 2001, working
stage in the frame of WP15 IDRANAP

S.E.Enescu

Orsay, France, Centre de Spectrométrie Nucléaire et de
Spectrométrie de Masse, jan.-june and oct.-nov.2002,
working stages

S.E.Enescu

Orsay, France, Centre de Spectrométrie Nucléaire et
de Spectrométrie de Masse, sept.-dec. 2001, working
stage

Grigore D. R.

Institute of Theoretical Physics, Ziirich University,
Switzerland

M. Orlandea

CERN, Geneva, Switzerland.

Pantelica A.

University of Hohenheim, Institute of Physics and Me-
teorology, Stuttgart, Germany, 20-25 Feb., 2002
Pantelica A.

University of Technology, Interfaculty Reactor Insti-
tute, Delft, Olanda, 25 Feb.- 19 March, 2002

Mircea Pentia

CERN

R.A. Tonescu

Sektion Physik, Universitat Miinchen, Germany

L. Shachter

Frankfurt/Main, Germany, Institut fir Kernphysik
der J. W. Goethe Universitét, oct.-nov. 2001, working
stage in the frame of WP15 IDRANAP
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Appendix

Seminars Abroad

Adam Gh., Adam S.

Reliability conditions on quadrature algorithms
General Laboratory Seminar, JINR-Dubna, Russia,
September, 03, 2002

S. Berceanu

Holomorphic differential operators with polynomial
coefficients on Kéhler coherent state orbits

seminary at the Universite Libre de Bruzelles, Decem-
ber 4, 2001; also at Lille University, December 11,
2001

I. Caprini

Analytic continuation and perturbative expansions in
QCD

ICTP, Trieste, Italy.

I. Caprini

Analytic continuation and perturbative expansions in
QCD

Institute of Theoretical Physics, University of Berne,
Switzerland.

I. Caprini

Dispersion relations and final state interactions in
B — 7w and K — 7w decays

Center of Theoretical Physics, Marseille, France.

M. Pentia

DIRAC 2002 - Data Taking Quality Analysis

CERN, 30 Oct. 2002

Anca Viginescu

Randomness effects on modulational instability of a
discrete self-trapping equation

University of Lecce, Dept. Theor. Phys., Lecce, Italy,
Oct. 17, 2002

Anca Viginescu

Statistical approach of the modulational instability of
the discrete self-trapping equation

University of Bari, Depart. of Math., Bari, Italy, Oct.
11, 2002

M. Viginescu

Dirac-type operators on curved spaces

Department of Mathematics, Univ. Bari, Italy, Octo-
ber 11, 2002

M. Viginescu

Fermions on curved spaces

Department of Mathematics, Univ. Bari, Italy, Octo-
ber 9, 2002

M. Visinescu

Spinning particles and Killing tensors

Department of Physics, Univ. Lecce, Italy, October
17, 2002

Directorate

Dr. Emilian Dragulescu — General Director
Dr. Florin D. Buzatu — Scientific Director

Dr. Petru M. Racolta — Technical Director
Ec. Alexandru Popescu — Finance Director
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Research Staff

Nuclear Physics Department
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