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Influence of the absorptive part of the complex potential on the
S-Matrix poles

C. Grama', N. Grama !, I. Zamfirescu

1

IFIN-HH

Although the polology of the S-matrix has been
extensively studied, it occured that some aspects re-
mained disputable in the case of complex central po-
tential V(r) = gV (r), g € C. These aspects are related
to the origin of the observed narrow X-hypernuclear
states that have been interpreted by Gal, Toker and
Alexander [1] as states which correspond to S-matrix
poles situated in the second k-plane quadrant. From
the analytical properties of the S-matrix for a real
potential it results that there is no pole in the first
and second k-plane quadrants, except for the imagi-
nary k-axis. By switching on the absorption the S-
matrix poles for real potential can evolve into the sec-
ond quadrant of the k-plane. A critical study of the
Y-hypernuclear states needs the analysis of the mo-
tion of the S-matrix poles in the k-plane for variable
complex coupling strength g. Recently contradictory
opinions relative to the S-matrix poles trajectories in
the complex k-plane for a complex square potential oc-
curred. According to some authors [1, 2, 3] the poles
in the second quadrant can occur either from bound
state poles moving anticlockwise, or from virtual state
poles and capture resonant state poles moving clock-
wise as the absorption is switched on. Dabrowski [4]
argues that the statement made by [1, 2, 3] concerning
the movement of the virtual poles with increasing ab-
sorptive potential is in general not correct. Dabrowski
[4, 5] relates the direction in which the pole moves
when the potential absorption increases to the direc-
tion in which the pole moves with increasing the real
part of the potential, without clarifying this last ques-
tion. For example, two poles moving in opposite direc-
tions along the imaginary k-axis are associated in [4, 5]
to the same state. This is a wrong result, because one
should associate a single pole to each quantum state.

The aim of our work is to study the influence of the
absorptive part of the potential on the S-matrix poles
for the non-relativistic scattering in the framework of
the Riemann surface approach for bound and resonant
states.

The Riemann surface approach has been presented
in details in [6]. It consists in constructing the Rie-

mann surface R\ of the pole function k = k0 (g)
over the complex g-plane on which the pole function
kE = kW(g) is single-valued and analytic. Rg” is di-

vided into sheets Eﬁ? and the images Z',SD of these
sheets in the k-plane are constructed. In this way the
sheet 2,‘9 of Rgl) is associated to a given state with
quantum numbers (I,n). The number n that labels
the sheets, their images and the corresponding quan-
tum states (I,n) counts the solutions of the pole func-
tion at g — 0 [6].

The global method allows the unique identification
of the poles that can occur in the second quadrant of
the k-plane by switching on the absorption of the po-
tential. By a detailed analysis of the Riemann surface
Rg” of the pole function for a central rectangular po-
tential we have found that the poles that can support
the ¥-hypernuclear states occur on the sheet images
' n > (1+1)/2 for odd I and n > 1/2 for even I.
They originate from those poles that for a real poten-
tial are bound or capture resonant state poles.

As a result of our analysis a complete answer is
given to the disputable problem of the direction in
which a virtual pole moves when the absorption is in-
troduced. Our analysis shows that the virtual poles
do not always move towards the third quadrant of the
k-plane, as stated in [2, 3]. For example, for | = 0 the
virtual poles on the sheet images 2'750), n < 0, move
clockwise into the third quadrant of the k-plane, while
on the sheet images E;,(O), n > 0, they move anticlock-
wise into the fourth quadrant of the k-plane when the
absorption is switched on.
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Factorization of unitary matrices

P. Dita!

I Theoretical Physics Department

Matrix factorization is a live subject of linear alge-
bra and no general theory ia vailable yet. Our goal is to
obtain a factorization of unitary matrices that are very
useful tools in solving many problems in mathemati-
cal and theoretical physics. Factorization is closely
related to parametrisation of unitary matrices and the
classical result by Murnagham [1] gives the parametri-
sation of an n X n unitary matrix as a product of a
diagonal matrix containing n phases and n(n — 1)/2
matrices whose main building block is essentially two-
dimensional. A selection of a specific set of angles
and/or phases has no theoretical significance because
all the choices are mathematically equivalent, however
a clever choice may shed some light on important qual-
itative issues. In the same time many new problems
require a more elaborate factorization, one of them be-
ing that suggested by Chaturvedi and Mukunda and
Mathur and Sen [2] who obtained a factorization of
SU(3) matrices as a product of two matrices each one
being generated by a complex vector. Our aim was to
elaborate such a factorization for n x n unitary ma-
trices as a product of n diagonal matrices containing
phases and n — 1 orthogonal matrices, each one gen-
erated by a n-dimensional real vector. The result is
contained in the following:

Theorem: Any element A, € U(n) can be fac-
tored into an ordered product of 2n — 1 matrices of the
following form

A, =d 0O, d: O .. .dy 2oy tdpt

where d*_, are diagonal matrices of the form d*_, =
(1, e ..., er), k < n, where 1, means that

the first (n — k) diagonal entries are equal to unity,

(’)ﬁ_k are orthogonal matrices whose columns are gen-
erated by real (n — k)-dimensional unit vectors. The
condition Z?:(?H)/z W; = 0, imposed on 1; the arbi-
trary phases entering the parametrization of A,, gives
the factorization of SU(n) matrices.

Ifw, =0pd,_, OL_, ... di7200 a7 = 0, dl_ wny

then

Wy =w) dpwy, (11)

is one (of the many possible) Weyl representation of
unitary matrices. If all the phases entering A,, are zero
Y;=0,1=1,...,n(n+1)/2, one gets the factorization
of rotations Ry, € SO(n)

R,=0,0. ,...051 (12)

More datails and proofs are given in [3]
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Off-shell extrapolation for B — 77~ decay

I. Caprini', L. Micu!, C. Bourrely >

INIPNE-HH, Theoretical Physics Department
2 Centre de Physique Théorique, CNRS-Luminy, Marseille, France

The inclusion of the strong interaction effects in the
theory of exclusive nonleptonic B decays is a very diffi-
cult task. The problem has been investigated recently
by many authors, in particular, for charmless decays
into light pseudoscalar mesons, since the strong phases
of these amplitudes are crucial for the determination
of CP-violating phases in present and future experi-
ments.

Recent calculations of the B — 7t7~ decay am-
plitude were performed either in the generalized QCD
factorization approach [1] and the conventional per-
turbative QCD [2], or in a hadronic approach [3], [4].
We consider the decay amplitude

A(pa kl:kQ) = <W+W770Ut‘Hw(O)|Bg:in): (1)
where the “in” and “out” states are defined with re-
spect to the strong interactions and H, is the weak
effective hamiltonian. The decay amplitude ( 1) can
be splitted as

[4

A= VudVJbAu + %dVCZAc s (2)

with the CP violating phase v = Arg(V};) appearing
in the first term.

The physical amplitude ( 1) is calculated for p =
k1 + ko at on-shell values of the momenta, p? = m%,
k¥ =m?2, k3 = m2. The extrapolation to off-shell ex-
ternal momenta can be achieved by the LSZ reduction
formalism [5]. In Ref. [4] this procedure was applied
to the expression ( 1) of the amplitude. However, it is
more convenient to start from the S-matrix element of
the decay and apply the LSZ reduction to the B me-
son and one of the final pions. This method allows us
to make an analytic continuation either with respect
to in the squared momentum p> of the B-meson, or
with respect with the squared momentum k? of one fi-
nal pion. We obtain in both cases dispersion relations
with spectral functions describing final state and initial
state interactions, which involve complicated off-shell
amplitudes. Actually, one can derive dispersion rela-
tions for each of the amplitudes A, and A. appearing
in ( 2). In particular, the dispersion relations with re-
spect to the momentum squared k% of one final meson
can be written as

(mp _ﬂmﬂ)z -1/, (3)

AJ = Aj70 + 95,FSI In
™

for j = u,c. In this relation, o; rsr is the on-shell

spectral function describing the final state interactions

0§ FSI R Z(S(k‘l + ko —pn)M*(n — 7T7T)Aj(B — n),

(4)
where M(A;) denote strong (weak) amplitudes, re-
spectively, and A, is the amplitude in the limit of
vanishing final state interactions. Using arguments
based on quark-hadron duality, one can show that the
dominant contribution to A, is given by the factor-
ized amplitude [1].

The representation ( 3), combined with the Regge
model for the high-energy strong interactions, can be
used to derive corrections to the factorized amplitude,
produced by the final state interactions in the heavy
quark limit. We notice that in the hadronic formalism
the real part of the final state interaction amplitude
is suppressed by two powers of the heavy mass, com-
pared to the imaginary part. The dominant correc-
tions to the imaginary part are given by the next to
leading logarithmic term of the pomeron contribution.
Other sources of large power corrections to the fac-
torized amplitude are not found, assuming that mul-
tiparticle effects are qualitatively taken into account
by the Goldberger-Treiman method of calculating the
spectral functions. Using for illustration a numerical
input suggested by QCD factorization [1], the results
indicate that the phase and the modulus of the ratio
A./A, are not drastically modified by the final state
interactions. With the improved results of QCD fac-
torization calculations, expected in the future, it will
be possible to test the dispersion relations conjectured
in the present work and, more generally, the validity
of quark-hadron duality.
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A convergent non-power QCD perturbative series based on analytic
continuation

I. Caprini?, J. Fischer?

I NIPNE-HH, Theoretical Physics Department
2 Institute of Physics, Academy of Sciences of the Czech Republic, 182 21 Prague 8, Czech Republic

We consider the standard perturbative expansion
of a generic QCD amplitude

A) =3 ana”, (1)

where a = as(u?) /7 is the renormalized coupling con-
stant. This expansion is known to be plagued by sev-
eral defficiencies. The coefficients a,, exhibit a typical
factorial increase, a, ~ &"n!n’ with nonalternating
signs, which shows that the series ( 1) is divergent and
Borel non-summable. The truncated, fixed order per-
turbative expansion is afflicted also with the problem
of renormalization scheme dependence and violates ex-
plicitely, due to the Landau singularities, the rigorous
momentum plane analyticity imposed by the general
principles of field theory. Several resummations or re-
formulations of the perturbative expansion have been
considered recently, trying to reduce these defficien-
cles.

In the present work, we propose a novel, non-power
series replacing the standard power expansion ( 1).
We start from the divergence pattern of perturbative
quantun chromodynamics, which suggests for the Borel
transform B(u) of the correlator A(a) a structure of
branch-point singularities along the real axis in the
complex wu-plane, with a gap of nonvanishing width
containing the origin. We define the expansion func-
tions Wy, (a) as

where w(u) is the conformal mapping of the cut Borel
plane onto the unit disk [1] and C is a contour avoid-
ing the singularities along the real axis. The intrin-
sic ambiguity of perturbative QCD manifests itself in
this prescription dependence of the expansion func-
tions W, (a). The modified perturbative expansion re-
placing ( 1) is

Ala) =) eaWala), 3)

where ¢, are the Taylor coefficients of the expansion
of the Borel transform in powers of the variable w [1].

W@y pran
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Figure 1: The functions Wy (a) for n = 1,...6 and a
in the interval (0, 6).

One can show that the expansion ( 3) is a straight-
forward generalization of the conventional series ( 1),
and reproduces the known result [3] in the case of a
Borel summable series. The functions Wy, (a) have in-
teresting properties (see Figure 1): they are bounded,
sign-changing, and vanish when a tends to infinity. For
large n they behave as

Wi (a) ~ nicne—23/4(1+i)(n/a)1/2 . (4)

where ( is a constant. This shows that the new expan-
sion ( 3) has remarkable convergence properties [1].
One can prove also that for small a the n-th order
function W, (a) behaves like a”, thereby retaining the
fundamental feature of a perturbative expansion. On
the other hand, the Taylor expansion of W, (a) in pow-
ers of a is a divergent asymptotic series, with an ana-
lyticity domain resembling that of the correlator A(a)
[2]. By the modified expansion ( 3), one obtains a
better estimate of the intrinsic ambiguity of the per-
turbative QCD due to the infrared regions in Feynman
diagrams, which will be eventually compensated in the
full theory by the nonperturbative terms.
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Yang-Mills theories in the causal approach

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:

S(g):1+22—'/d:r1-~-dxn
n=1"

Tj,osin (@15 20) - g5y (1) -+ g, (0) (1)

where g = (g;(z)),_, _p is a multi-valued tempered

test function in the Minkowski space R* that switches
the interaction and T}, j, (%1, -, zy,) are operator-
valued distributions acting in the Fock space of some
collection of free fields with a common dense domain
of definition Dy. These operator-valued distributions
are called chronological products and verify some pro-
perties called Bogoliubov azioms. One starts from a
set of Wick monomials T;(z), j=1,...,P and tries
to construct the whole series Ty, . ., n > 2.

The most convenient method of proving the exis-
tence of solutions is based on the analysis of Epstein
and Glaser [1]; the construction is purely recursive
using the causal support properties of various distri-
butions appearing in the theory and distribution split-
ting theory. For some models describing higher spin
particles one uses unphysical degree of freedom and
the elimination of the unphysical states in the Hilbert
space is made imposing the gauge invariance condition.

The gauge invariance condition on the chronologi-
cal products can be expressed in such a way that in-
frared divergences are not considered (see [5] and [6]):

"9
[Q,T(xl,...,xn)]:iZWTZ“(xl,...,xn), (2)
=1

for some chronological products T'(X), T/(X) which
are convenient linear combinations of the expression
Tj....jn; heren = 1,2,...and [ = 1,...n. The ob-
structions to such a factorisation process are called
anomalies.

We can generate the Hilbert space for the standard
model as follows: one considers a set of masses m,,a =
1,...,r and splits the indices in two types:

(I) mq # 0. In this case we apply to the vacuum
1 the free fields Ay, Ua, Uo, o a =1,...,7 all
of them of mass m,, where the first one has vector
transformation properties with respect to the Poincaré
group and the others are scalars. In other words, every
vector field has three scalar partners. Also the fields

Ug, Ue a=1,...,7 are Fermionic and A4,, &, a=
1,...,r are Bosonic.

(IT) m4 = 0. In this case we have three possibilities:
(ITa) Agyu, Ug, Ga, ®q Z 0; the scalar field &, can
have a non-zero mass: mZ > 0. (IIb) &, = 0; (Ilc)
A, Ua, Ge = 0. In the cases (IIa) and (IIb) the fields
Ay, Ua, U, have null mass. The statistics asignement
is the same as in case (I). The auxiliary Hilbert space
H9" is generated in this way. In this Hilbert space we
can define a sesquilinear form < -,- > such that:

Aau(m)T = Auu(z), q;a(m)’r =&, (z)
ua(m)T = ua(x): ﬂa(x)]L = _ﬂa(m)- (3)
One can define the BRST supercharge @) by:

{Q,u} =0 {Q,U,} = —i(0, 45 + myD,)
{Q, A4} = idtu, {Q,P,} = imyu,, (4)
and
QO =0. (5)
One can consider also a set of Dirac fields describ-
ing the matter and commuting with the supercharge.

Then one can justify that the physical Hilbert space
of the Yang-Mills system is a factor space

Y = Ker(Q)/Ran(Q); (6)

the sesquilinear form < -, - > induces a bona fide scalar
product on the Hilbert factor space and spontaneous
symmetry breaking is taken into account from the very
beginning. The field content of this model consists of
matter and massive and massless Bosons.

One can prove that the condition ( 2) forn =1,2,3
gives the usual expression for the Yang-Mills interac-
tion Lagrangian and for the axial anomaly [2], [3],
[4].
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Exchange and spin-fluctuation superconducting pairing
in the strong correlation limit of the Hubbard model

N. M. Plakida!, L. Anton >34 S. Adam®2, Gh. Adam!*?

1 JINR, 141980 Dubna, Moscow, Russia
2TFIN-HH, Department of Theoretical Physics; E-mail: adamg@ifin.nipne.ro, adams@ifin.nipne.ro
3INFLPR, Lab.22 PO Box MG-36, Bucharest, Romania
4Inst. Theor. Phys., Univ. Stellenbosch, Private Bag X1, 7602 Matieland, South Africa

A microscopical theory of superconductivity in the
two-band singlet-hole Hubbard model, in the strong
coupling limit in a paramagnetic state, is developed.
The model Hamiltonian is obtained by projecting the
p-d model to an asymmetric Hubbard model with the
lower Hubbard subband occupied by one-hole Cu d-
like states and the upper Hubbard subband occupied
by two-hole p-d singlet states [N.M. Plakida, R. Hayn,
J.-L. Richard, Phys. Rev. B 51, 16599 (1995); L.F. Fei-
ner, J.H. Jefferson, R. Raimondi, Phys. Rev. B 53,
8751 (1996) ]. The model requires two microscopical
parameters only, the p-d hybridization parameter ¢ and
the charge-transfer gap A. It was previously shown to
secure an appropriate description of the normal state
properties of the high-T, cuprates.

To treat rigorously the strong correlations, the Hub-
bard operator technique within the projection method
for the Green function is used. The Dyson equation is
derived. In the molecular field approximation, d-wave
superconducting pairing of conventional hole (electron)
pairs in one Hubbard subband is found, which is me-
diated by the exchange interaction given by the inter-
band hopping, J;; = 4(t:;)?/A.

The normal and anomalous components of the self-
energy matrix are calculated in the self-consistent Born
approximation for the electron—spin-fluctuation scat-
tering mediated by kinematic interaction of the second
order of the intraband hopping. The derived numeri-
cal and analytical solutions predict the occurrence of
singlet d,=_,2-wave pairing both in the d-hole and sin-
glet Hubbard subbands. The gap functions and 7, are
calculated for different hole concentrations.

The exchange interaction is shown to be the most
important pairing interaction in the Hubbard model in
the strong correlation limit, while the spin-fluctuation
coupling results only in a moderate enhancement of
T.. The smaller weight of the latter comes from two
specific features: its vanishing inside the Brillouin zone
(BZ) along the lines |k;| + |k,| = 7 pointing towards
the hot spots and the existence of a small energy shell
within which the pairing is effective. By contrast,
the exchange interaction is maximal along the above-
mentioned lines inside BZ and it couples the electrons
(holes) in a much broader energy shell, of the order of

the bandwidth W = 8t.¢¢, due to the interband hop-
ping where the retardation effects are unimportant.

1
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Figure 1: Combined effect of*the kinematic and ex-
change interactions to the temperature dependence of
the order parameter ®22(k) over the first quadrant of
the BZ: at optimum doping (6 = 0.13) {T = 0(a);
0.5T, (b); 0.9T.(c)} and at overdoping (§ = 0.2)
{T =0(d); 0.5T;(e); 0.9T.(f) }.

Samplings of the wave-vector behavior of the order
parameters ®22(k) over the first quadrant of the BZ
(Fig. 1) at several temperatures show the occurrence
of a peculiar d,>_,2-wave gap pattern which strongly
depends on the type of the involved interactions.

In conclusion, the present investigation points to
the existence of a singlet d,2_,2-wave superconducting
pairing for holes or electrons in the two-band Hubbard
model mediated by the exchange interaction and an-
tiferromagnetic spin-fluctuation scattering induced by
the kinematic interaction, characteristic to the Hub-
bard model. These mechanisms of superconducting
pairing are absent in the fermionic models [P.W. An-
derson, Adv. in Physics 46, 3 (1997)].

Our results agree with the recent investigations of
the Hubbard model within the dynamical cluster ap-
proximation, where the self-energy has been calculated
in the non-crossing approximation for the 4-cluster
model [Th. Maier, M. Jarrel, Th. Pruschke, J. Keller,
Phys. Rev. Lett. 85, 1524 (2000); A.I. Lichtenstein
M.I. Katsnelson, Phys. Rev. B 62, R9283 (2000)].
{The full version of the paper is available on the site
http://xxx.lanl.gov/abs/cond-mat/0104234}
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Increasing reliability of Gauss-Kronrod quadrature by Eratosthenes’
sieve method

Gh. Adam?, S. Adam!
TFIN-HH, Department of Theoretical Physics; E-mail: adamg@ifin.nipne.ro, adams@ifin.nipne.ro

Within a modern quadrature algorithm, the qual-
ity of the implemented local error estimates influences,
to a large extent, both the efficiency and the relia-
bility of an automatic algorithm, either adaptive or
non-adaptive. Particularly successful Gauss-Kronrod
(GK) quadrature algorithms with improved heuristic
QUADPACK-GK (QDP) local error estimates have been
reported in QUADPACK [R. Piessens, E. de Doncker-
Kapenga, C. W. Uberhuber, D. K. Kahaner, QUAD-
PACK, a subroutine package for automatic integration,
Springer Verlag, Berlin, 1983] which has been incor-
porated in most major program libraries. The QDP
approach extended the genuine Gauss-Kronrod (GGK)
local error estimates previously proposed by Kronrod.

The present paper reports some rules of thumb
which have been found to be very effective in increas-
ing the output reliability of the automatic adaptive
quadrature algorithms based on QDP local error es-
timates. The discussion is limited to GK 7-15 and
GK 10-21 quadrature rules, the general description of
which is given in QUADPACK. With minor reformulation,
the derived results hold true for other quadrature rules
as well.

Let I denote the actual value of the integral to be
solved numerically. A subroutine which implements a
Gauss-Kronrod quadrature rule for solving I provides
at output a pair {rx,ex}. In the present context,
ri is the computed approximation of I by Kronrod
quadrature sum, while e is the local error estimate.

Then the local GGK error estimate is given by

egok = [Tk — TG

Let f denote the computed value of the average of
f(z) over [a,b] at the knots of rx and A denote the
computed value of the integral fab \f(x) — f]dz, which
measures the area covered by the deviations of f(z)
around f The local QDP error estimate is then

eqap = A x min{(200e,05/A)%/2, 1},

The values e¢qgr and ecqqp are taken for error esti-
mates provided they do not fall below the attainable
accuracy limit imposed by the relative machine preci-
sion. The latter threshold is defined as the product

eroff = To€oQ K [|f\} .

The present study shows that an analysis of some
key features of the integrand, done within the subrou-
tine which implements the quadrature rule of interest,

provides significant hints on the reliability of the local
error estimate.

In the case of GK 7-15 and GK 10-21 quadrature
rules, a local error estimate self-validates itself accord-
ing to the following scheme:

max[emff, min(eggk,eqdp)} iff reliability
conditions fulfilled
otherwise

EK —
eqdp & error flag

When a self-validating quadrature rule is incorpo-
rated in an automatic adaptive quadrature program,
substantial increase of the correctness of the automatic
decisions is obtained for difficult integrands.

The reliability conditions entering this definition
have been derived by the use of Eratosthenes’ sieve
method to the analysis of sets of data obtained over
families of elementary integrals. This allowed us to
identify characteristic trends of the error behaviour
with the integrand variation and to formulate rules of
thumb in agreement with the general theory of the
Riemann integral.

If the computation results in a value |rg| exceed-
ing the machine underflow, the error estimates eyqp
and eyy may be taken for reliable provided that

Padp < Tgdp Pd > Tgap = 0.5,

and respectively

Pygk < Tggk®Pd > Tggk = 0.005,

where pgap and pygr denote relative errors.

Here, the constants 744, and 7,4, simply trace the
line between error estimates carrying significant fig-
ures at output and error estimates which do not carry
out any significant figure under the integration of con-
tinuous monotonic integrands.

The discouraging factor ¢, = 10™*#¥) < 1 s
a quantity inferred from the analysis of the integrand
structure. It secures sharper reliability thresholds in
the case of continuous non-monotonic integrands.

The quantities A and p measure the consistency of
the integrand profile inferred from its values at the
Gauss and Kronrod abscissas respectively from the
study of the integrand extrema and its intersections
with the average integrand value f. Finally, the quan-
tity v provides a measure to the asymmetry of the
distribution of the interpolatory polynomial values at
the GK quadrature abscissas around the computed av-
erage.



16

Theoretical Physics

CP methods for the Schrodinger equation

L. Gr. Ixaru?

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

After a short survey over the efforts in the direction
of solving the Schrédinger equation by using piecewise
approximations of the potential function, the paper fo-
cuses on the piecewise perturbation methods in their
CP implementation. The presentation includes a short
list of problems for which CP versions are available, a
sketch of the derivation of the CPM formulae, a de-
scription of various ways to construct or identify a

certain version and also the main results of the error
analysis. One of the most relevant results of the latter
is that the energy dependence of the error is bounded,
a fact which places these methods on a special po-
sition among the numerical methods for differential
equations. A numerical illustration is also included
in which a CPM based code for the regular Sturm-
Liouville problem is compared with some other, well-
established codes.

Highly accurate eigenvalues for the distorted Coulomb potential

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

! Institute of Physics and Nuclear Engineering, Department of Theoretical Physics, POBox MG - 6,
Bucharest, Romania, Email : ixaru@theorl.theory.nipne.ro
2 Department of Applied Mathematics and Computer Science, Universiteit Gent, Krijgslaan 281-S9, B-9000
Gent, Belgium

We consider the eigenvalue problem for the radial
Schrodinger equation with potentials of the form V (r) =
S(r)/r + R(r) where S(r) and R(r) are well behaved
functions which tend to some (not necessarily equal)
constants when r — 0 and r» — oco. Formulae (14.4.5-
8) of Abramowitz and Stegun, corresponding to the

pure Coulomb case, are here generalized for this dis-
torted case. We also present a complete procedure for
the numerical solution of the problem. Our procedure
is robust, very economic and particularly suited for
very large n. Numerical illustrations for n up to 2000
are given.
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Three-dimensional walking spatiotemporal solitons in quadratic
media

D. Mihalache', D. Mazilu', L.-C. Crasovan', L. Torner?, B. A. Malomed?®, 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 Laboratory of Photonics, Department of Signal Theory and Communications, Universitat Politecnica de
Catalunya, Barcelona ES 08034, Spain
3 Department of Interdisciplinary Sciences, Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
4 Institute of Solid State Theory and Theoretical Optics, Friedrich-Schiller University Jena, Max-Wien-Platz 1,
Jena, D-07743, Germany

Two-parameter families of chirped stationary three-
dimensional spatiotemporal solitons in dispersive qua-
dratically nonlinear optical media featuring type-I se-
cond-harmonic generation are constructed in the pres-
ence of temporal walk-off. Basic features of these walk-
ing spatiotemporal solitons, including their dynamical
stability, are investigated in the general case of un-
equal group-velocity dispersions at the fundamental
and second-harmonic frequencies. In the cases when

the solitons are unstable, the growth rate of a dom-
inant perturbation eigenmode is found as a function
of the soliton wave number shift. The findings are
in full agreement with the stability predictions made
on the basis of a marginal linear-stability curve. It is
found that the walking three-dimensional spatiotem-
poral solitons are dynamically stable in most cases;
hence in principle they may be experimentally gener-
ated in quadratically nonlinear media.

Localized multidimensional femtosecond optical pulses in an
off-resonance two-level medium

I. V. Melnikov ', D. Mihalache 2, N.-C. Panoiu 23

! General Physics Institute of the Russian Academy of Sciences, ul. Vavilova 38, Moscow 117942, Russian
Federation
2 Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
Engineering, P.O. Box MG-6, Bucharest, Romania
3 Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA

The propagation of a femtosecond optical pulse in
a multidimensional off-resonance two-level material is
studied. In the case of quasiadiabatic following, the
evolution of the pulse is governed by the equation
of generalized Kadomtsev-Petviashvili type with cou-
pling of the spatial profile to temporal structure. The

presence of this coupling can have a dramatic effect
on the dynamics of the optical pulse which cannot be
observed within the framework of slowly-varying enve-
lope approximation. In particular, we show that sta-
ble localized multidimensional pulses can arise through
interaction of the transient diffraction with electrody-
namic absorption.
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Adiabatic perturbative analysis of symmetry-endowed two-soliton
solutions

N.-C. Panoiu'?, D. Mihalache?, D. Mazilu?, L.-C. Crasovan?, I. V. Melnikov 3, F. Lederer*

! Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA
2 Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
Engineering, P.O. Box MG-6, Bucharest, Romania
3 General Physics Institute of the Russian Academy of Sciences, ul. Vavilova 38, Moscow 117942, Russian
Federation
4 Institute of Solid State Theory and Theoretical Optics, Friedrich Schiller University Jena, Max-Wien-Platz
1, Jena, D-07743, Germany

A comprehensive analysis of the propagation of
symmetry-endowed two-soliton solutions under the in-
fluence of various perturbations important in nonlin-
ear optics is presented. Thus, we begin by introduc-
ing the analytical expressions of these two-soliton solu-
tions. Then, by considering perturbations which pre-
serve the initial symmetry of the two-soliton solutions,
the dependence of the soliton parameters on the prop-

agation distance is determined by using an adiabatic
perturbation method. As perturbations of this kind
and important for soliton-based communication sys-
tems we consider the bandwidth-limited amplification,
nonlinear amplification, amplitude and phase modula-
tion. Moreover, the analytical predictions are com-
pared with the results obtained by direct numerical
simulations of the corresponding governing differential
equations.

Three-dimensional spinning solitons in the cubic-quintic nonlinear
medium

D. Mihalache 3, D. Magzilu!, L.-C. Crasovan!, B. A. Malomed?, 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 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 University Jena, Max-Wien-Platz
1, Jena, D-07743, Germany

We find one-parameter families of three-dimensional
spatiotemporal bright vortex solitons (doughnuts, or
spinning light bullets), in bulk dispersive cubic-quintic
optically nonlinear media. The spinning solitons dis-
play a symmetry-breaking azimuthal instability, which

leads to breakup of the spinning soliton into a set of
fragments, each being a stable nonspinning light bul-
let. However, in some cases the instability is develop-
ing so slowly that the spinning light bullets may be
regarded as virtually stable ones, from the standpoint
of an experiment with finite-size samples.
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Azimuthal instability of spinning spatiotemporal solitons

D. Mihalache'3, D. Mazilu!, L.-C. Crasovan!, B. A. Malomed?, 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 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 University Jena, Max-Wien-Platz
1, Jena, D-07743, Germany

We find one-parameter families of three-dimensional
spatiotemporal bright vortex solitons (doughnuts, or
spinning light bullets), in dispersive quadratically non-
linear media. We show that they are subject to a

strong instability against azimuthal perturbations, sim-
ilarly to the previously studied (2+1)-dimensional bright
spatial vortex solitons. The instability breaks the spin-
ning soliton into several fragments, each being a stable
nonspinning light bullet.

Stable solitons of quadratic Ginzburg-Landau equations

L.-C. Crasovan ' B. A. Malomed?, D. Mihalache':?, D. Mazilu!, F. Lederer?

I Department of Theoretical Physics, Institute of Atomic Physics, National Institute of Physics and Nuclear
Engineering, P.O. Box MG-6, Bucharest, Romania
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 University Jena, Max-Wien-Platz
1, Jena, D-07743, Germany

We put forward a physical model based on coupled
Ginzburg-Landau equations that supports stable tem-
poral solitary-wave pulses. The system consists of two
parallel-coupled cores, one having a quadratic nonlin-
earity, the other one being effectively linear. The for-
mer core is active, with bandwidth-limited amplifica-
tion built into it, while the latter core has only losses.
Parameters of the model can be easily selected so that
the zero background is stable. The model has non-
generic exact analytical solutions in the form of soli-

tary pulses (”dissipative solitons”). Direct numerical
simulations, using these exact solutions as initial con-
figurations, show that they are unstable; however, the
evolution initiated by the exact unstable solitons ends
up with nontrivial stable localized pulses, which are
very robust attractors. Direct simulations also demon-
strate that the presence of group-velocity mismatch
(walk-off) between the two harmonics in the active
core makes the pulses moving at a constant velocity,
but does not destabilize them.
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Non-destructive beam characterization at an electron source exit

S. Marghitu?, C. Dinca?, M. Rizea!, C. Oproiu?, M. Toma?, D. Martin?2, E. Iliescu?

! Department of Theoretical Physics, National Institute of Physics and Nuclear Engineering (NIPNE), P.O.
Box MG-6, Bucharest, Romania
2 Accelerators Laboratory, National Institute for Laser, Plasma and Radiation Physics (NILPRP), P.O. Box
MG-6, Bucharest, Romania

The method, experimental set-up, and experimen-
tal results, referring to the non-destructive beam emit-
tance at an electron source exit, as well as to the beam
envelope determination, are presented. The method
consists in an interactive use of both the beam cross
- section measurements, realized in the three-gradient
arrangement, and the K-V equation. The important
parts of the experimental set-up are: the electron source

(a Pierce convergent diode, working in a pulse mode),
an axially symmetric magnetic lens, and two beam
profile monitors (wire scanners). The electron source
is of the type frequently used in linear accelerators,
particularly in our accelerators ALIN - 10 and ALID
- 7 at NILPRP, and works in the energy range of 20-
70 keV, with 4 us pulse duration and 0.1 - 1 A pulse
intensity.
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Nuclear Structure

High-spin states in the *"Tc nucleus

D. Bucurescu', Gh. C#ta-Danil!, I. C&ta-Danil', M. Ivagcu®, N. Marginean', C.A. Ur', C. Rusu?

I NIPNE-HH, Department of Experimental Physics, Bucharest, Romania
2NIPNE-HH, Department of Applied Physics, Bucharest, Romania

The knowledge of the high-spin states in the A~100
nuclei, which are not so far from closed shells, is im-
portant, since one can investigate the competition of
the single-particle and collective degrees of freedom in
building up states up to the basic configuration termi-
nation. This report presents an important extension
of the level scheme of °"Tc at high spins. The study
has been performed with the reaction #2Se(!°F,4nv)
at 68 MeV. The ?F8t beam was delivered by the FN
Tandem accelerator in Bucharest. The experimental
setup consisted of two intrinsic Ge detectors of 20%
efficiency, and a 1 litre NE213 scintillator detector
placed in the forward direction for the detection of
the neutrons. Details of the measurement geometries
are specified in other recent articles of this series [1].
The level scheme evidenced in the experiment is shown
in Fig. 1. The levels above the known states at 3530
keV (25/2%) and 3731 keV (43/2) are new.

We propose that the structure A is a decoupled
go 2 structure, which continues smoothly up to the ob-
served spin of 29/2 and structure B is the 3-quasiparticle
structure which crosses structure A after the alignment
of a pair of gg/» protons. In the lower part some of the
states of 'structure C’ may be interpreted as members
of the signature partner of band A, the higher spin
states observed in the present experiment cannot be
simply explained. The irregular pattern above spin
33/2 suggests multiple particle rearrangements.
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Figure 1: Level scheme of °"Tc as evidenced in the
present work.
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Consequences of the center-of-mass correction in large scale nuclear
structure calculations
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The coexistence phenomena dominating the structure
of medium mass nuclei at low and intermediate spins
are rather well described in the frame of the complex
VAMPIR (variation after projection) models which can
account for the delicate interplay between collective
and single-particle degrees of freedom, treat like-nu-
cleon and neutron-proton pairing correlations on the
same footing and are numerically feasible for rather
large model spaces and general two-body forces [1, 2,
3]. The spherical-deformed shape coexistence identi-
fied in the N=7 nucleus *°Ni was investigated within
the complex Excited Vampir approach using a rather
large valence space including in addition to the full
1p0f-shell the Ogg /> and 1ds» oscillator orbits for both
protons and neutrons. Therefore, we have to worry
about effects due to the broken Galilean invariance.
Obviously the latter could be restored by projecting
into the center of momentum rest frame before vari-
ation, but this procedure requires an additional 3-
dimensional integration and is for the moment numer-
ically not possible. In order to study the effects of con-
taminations due to the center of momentum motion we
applied a rough method to eliminate them at least ap-
proximately. Instead of minimizing the usual Hamilto-
nian H we have complemented it with a penalty func-
tion and used in the minimization

H = H + MHcowu (1)
where
Hoow = Lo+ Larans? 2)
COM = oprgq T gAY

is the usual (many-body) harmonic oscillator Hamil-
tonian of the center of momentum. Hgoops is positive
definite, and, for a complete nhw space, has eigenval-
ues 3/2hw, 5/2hw, etc. corresponding to the center of
momentum being in its ground (the 0s) or some excited
state. By choosing A sufficiently large one therefore
penalizes the excitations of the center of momentum.
Fig. 1 shows the results for A—values of 0 (this corre-
sponds to the normal calculation, not worrying about
the center of momentum motion), 1, 5 and finally 10.
The numbers on top of the levels denote the expecta-
tion values of Hoopy for the corresponding solutions
in units of Aw. Thus 1.5 corresponds to a completely
nonspurious state. As expected, indeed the increase
of A leads to a decrease of the spurious admixtures.
However, neither the relative spacings of the deformed

band nor of the upper part of the yrast band seem
to be considerably effected. An exception is the 0T
ground state. Here, for A = 0 a considerably larger
contamination than in the higher spin states of the
yrast band is seen. As a consequence the 0T-2% en-
ergy difference becomes almost one MeV smaller when
increasing A from 0 to 10. In the deformed band the
Heoy expectation values are rather similar for all an-
gular momenta and hence the relative position of those
states does hardly change.

Our investigations revealed also the importance of the
center of momentum motion for medium mass nuclei
manifesting oblate-prolate mixing.
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Figure 1: The yrast and the first deformed band in
%Ni calculated for different A\. The levels have been
normalized to the yrast 2% energy.

In a complete nhw model space the above procedure
would be correct. Whether it remains a good approxi-
mation within rather small model spaces it is not clear
and can probably only be decided by an exact restora-
tion of Galilean invariance via projection. Similar ef-
fects are to be expected in large scale Hartree—Fock or
Hartree—Fock—Bogoliubov calculations.
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The investigation of high-K isomeric states in the
deformed nuclei of the A=as180 region has found re-
newed interest in recent years. Much experimental
and theoretical work was devoted to understand the
mechanisms which govern their decay to lower-lying
states, particularly the anomalous strong decays to
low-K states. Other questions of great importance
are the quenching of the pairing correlations and the
shape polarization effects in the high-seniority multi-
quasiparticle excitations.

Our interest focused on the 41 ns K™=14" 3746 keV
isomeric state with anomalous decay in "W [1]. On
the basis of a precise g-factor measurement we assigned
to this isomer a pure four-quasiparticle configuration,
composed by two protons in the %+[404} and § [514]
orbitals and two neutrons in the %+[633} and 5 [512]
orbitals [2]. In the present work the measurement
of its static quadrupole moment has been performed.
Prior to our experiment, static quadrupole moments
have been measured only for three high-K isomeric
states of seniority >4 in the A~180 region: 16T in
I8HE 3], £ in '™W [4] and 25T in ¥20s [5]. A
deformation very similar to that of the ground state
has been deduced for the 161 isomer in '"*Hf, while
for the high-K isomers in '"W and '820s significantly
smaller deformations were reported.

The quadrupole interaction of the 14% isomeric
state in "W has been investigated in the electric field
gradient (EFQ) of the pollycrystalline lattice of meta-
llic T1 by applying the time-differential perturbed an-
gular distribution method. For W impurities in T1
host the EFG strength and its temperature depen-
dence have been recently reported [4]. The isomer was
populated in the '%4Dy(10,4n)"W reaction using a
83 MeV 160 pulsed beam (pulse width 1.5 ns, repeti-
tion period 800 ns) delivered by the XTU-Tandem of
Laboratori Nazionali di Legnaro. The target consisted
of 0.5 mg/cm? metallic %Dy on thick TI backing in
which both the recoiling "W nuclei and the projec-
tiles were stopped. The target has been heated at
464 K in a special oven. This temperature was cho-
sen in order to assure an EFG strength convenient for
the observation of the quadrupole interaction pattern
on time scale given by the isomeric lifetime. The -

rays were detected by Ge detectors of 25% efficiency
placed at the angles 0° and 90° with respect to the
beam direction. The 240, 351, 440, and 558 keV ~-
lines of the "W yrast band which collects practically
all the isomeric decay branches [1] have been anal-
ysed. The experimental modulation ratio is illustra-
ted in Fig. 1 together with the least-squares fit. A
quadrupole frequency v=92(10) MHz has been de-
termined, which corresponds, with the EFG calibra-
tion of [4], to a spectroscopic quadrupole moment
Qs=6.3(1.4) eb. Assuming the strong coupling scheme,
a value of Q,=7.7(1.8) eb is obtained for the intrinsic
quadrupole moment of the 144 isomer. This value
fits very well into the systematics of the ground-state
quadrupole moments of W nuclei [6] what indicates
that no shape polarization occurs in the multiquasi-
particle structure of 1"6W.
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Figure 1: Quadrupole interaction spectrum for the
41 ns 147 isomer in "W implanted in polycrystalline
Tl at a temperature of 464 K.
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The equilibrium nuclear shapes in fission theory are
usually obtained by minimizing the deformation en-
ergy for a given surface equation [1]. In the following
we present a method allowing to obtain a very general
equilibrium (saddle-point) shape as a solution of a dif-
ferential equation without an apriori introduction of
a shape parametrization. In the approach based on a
pure liquid drop model (LDM) [2], saddle-point shapes
are always reflection symmetric: the deformation en-
ergy increases with the mass-asymmetry parameter
n = (A1 — As)/(A1 + Az), as is illustrated in Fig.1,
where 71 is replaced by an almost linear dependent
quantity (dp —dg)/Rg. In this way the well established
experimentally fission fragment mass asymmetry can
not be explained. By adding the shell corrections 6 E
to the LDM deformation energy, Eq.y = Erpm +0E,
we succeded to obtain the minima shown in Fig.1.

The nuclear surface equation of an axially symmet-
ric body u(z) is a solution of the following differential
equation:

W =2 %[uﬁ @ —d+ V) (du+ a2 (1)

where d is an input parameter which determines the
deformation.

In our present approach we included in the defor-
mation energy

E(R) = Erp(R) + 6E(R) — 6E° (2)

a phenomenological shell corrections J E inspired from
[3], and the above written differential equation is solved
iteratively by using Runge-Kutta method. The proce-
dure is repeated until the solution of the variational
problem leads to the minimum of the deformation en-
ergy which is the sum of the surface and Coulomb
energies plus shell corrections.

At a given deformation we find the fragment vol-
umes and the corresponding number of protons and
neutrons Z;(R), N;(R) (i = 1,2).For every fragment
we add contributions from protons and neutrons

SE(R) =) 6E;(R) = [0Ey(R) + 0En(R)] (3)

K3
given by

0By = Cs(Z;); 6En; = Cs(N;) (4)

where
s(2) = F(2)](2)7*?] = cZ'/? (5)

and a similar equation for s(IN), where

3 [NS/0 — N3/
B =5 | o,y Ne) =N

in which n € (N;_1, N;) is the actual number of pro-
tons or neutrons Z or N, and N;_1, N; are the neigh-
bouring magic numbers. The parameters ¢ = 0.2,
C = 6.2 MeV were determined by fit with experimen-
tal masses and deformations.
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Figure 1: Saddle-point deformation energy versus
mass asymmetry parameter for the binary fission of
2381 and 232228 Th nuclei. One can see a monotonous
increase within a pure liquid drop model and minima
when the shell corrections are included.

By introducing shell corrections we obtained minima
of deformation energy illustrated in Fig.1 for parent
nuclei 238U, 232228 Th at a finite mass asymmetry giv-
ing for the three nuclei the same mass number of the
heavy fragment 4, = 125.
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General utility computer programs for nuclear structure
experiments
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The Nuclear codes package contains several theory
programs which allow the calculation of many quan-
tities needed in nuclear structure experiments. These
codes were initially created to run on Vax Machines.
Therefore, many errors result at their compilation on
Linux Machines. We fixed these errors and verified the
result with input parameters that generate known out-
put quantities. The following programs are available
on the Linux network at the Department of Nuclear
Physics.

1. BASS -Program to calculate fusion barriers and
the limiting angular momentum for complete fu-
sion of heavy ions, using the Bass model [1].

2. BM1BE2 -Program to calculate the ratio of the
reduced transition probabilities:
BM1;I—-I-1) <ILIIMII-1,1-1>2

B(EZ I —-1-2 < LI|E2II—-2,1-2>2

and the mixing ratio of A7l =1 transitions:

<LIE2I-1,1-1>

§ = 0.799 - B, (MeV) -
WMV T =1L, T=1>

The Program uses the semi-classical formalism
of Dénau and Frauendorf [2].

The extension to multi-quasiparticle structures
follows Radford’s prescription [3].

3. CLEBSCH -Program to calculate the Clebsch-
Gordan coefficients:

<jl ml 32 m2|j m>

4. CLEB -Calculates only the following Clebsch-
Gordan coefficients:

<I K 1 0I-1 K>

<I K 2 0I-2 K>

5. DEDX -Based on an old Oak Ridge code, this
program calculates stopping powers and ranges.
It works with all chemical elements, plus the
compounds ISOBUTANE and MYLAR.

6. EPSBET - The program makes conversion be-
tween Nilsson epsilon deformations and Warsaw
betas, i.e. shape defined in terms of epsilons will
be expanded in terms of betas. Originally writ-
ten by W. Nazarewicz.

7. GOSTOP -This program allows the calculation
of electronic and nuclear stopping powers. Data
for the stopper material density is taken from
the American Institute of Physics handbook.

8. QUAD -Program which extracts 5 and ez values
from a given quadrupole moment (g

9. STIME -Program to calculate stopping times for
ions in materials.

10. WU -Program to calculate the reduced electro-
magnetic transition rates B(EL), B(ML) and the

ratios

B(EL B(ML

B((EL)zu and W(m Weiskopf — units).
Source codes and theoretical references are

provided at request at the electronic address:
mcolci@tandem.nipne.ro
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It has been suggested [1] that in rare - earth nuclei
around N = 88 one may expect octupole correlation
similar those found in the actinide nuclei around Z =
88. The experimental study of nuclei with Z = 54 -
62 and populated by «a - induced reactions and fission
[4, 5] has been revealed the presence of interleaved
negative- and positive- parity yrast bands there are
coupled by enhanced E1 transitions. A review on both
experimental and theoretical progress in this area was
done by Butler and Nazarewicz [1].

Octupole deformation can be established in special
cases depending on the arrangement and the strength
o the octupole interaction between Al = 3 and AJ =
3 opposite orbitals. The maximum effect of octupole
coupling might be expected at Z ~ 62 and N = 90
since the Fermi level lies both between the f;/, and
113/ neutron orbitals and between the ds/o and hyy /o
orbitals [2].

Drach and Salamon [3] suggested the possibility of
using elemental abundance of Tc (Z = 43) and Pm (Z
= 61), which no stable isotopes, as cosmic ray clocks.
The abundance of their isotopes in the solar system
have arisen from a combination of several different as-
trophysical sources. For example, there are thought to
be three main nucleosynthesis processes that produced
the solar system abundance for elements heavier than
iron (the so - called s-, r- and p- process). We can
investigate the details of the s - process by examining
properties of so - called ”branch point” [4].

The present study of low spin states of 1°Pm by
means of (p, nvy) reaction is an extension of prev-
ious systematic investigation of octupole correlation
in the transitional odd - even **~'*9Pm and odd -
odd 44-148pm [1].

—\\ N=89
(4) <90 2.0m
A 1" 65.289 940ns
= il (0") 45.549 9.3115h
(3) x 1.32n
1 0.0 2.27Tm 1 0.0 2.74h 3 0.013 13.537y
Pri48 Pm150 Eut52
mmmmmmm 59 61 63

foilowing Tig.2 Systematic of low - ying levels in the odd - odd N' = 89 isotones

The low spin structure for '**Pm has been prev-
iously obtained from the (p, ny) reaction [17]. No
excited states for "*9Pm have been reported up to now
in the literature.

Nuclear levels in *°Pm have been firstly investi-
gated with the 1°°Nd(p, nvy) reaction using beams of 5
- 8 MeV protons. A series of measurements, including
excitation function v coincidence and lifetime mea-
surements were performed. From our activation mea-
surements of § decay of '»°Pm were determined the
half - lives for: ground state (17), and new isomeric
state (37) (see Fig. 1), 2.74(2) h and 1.31(1) h, res-
pectively. This new 3~ state in **°Pm is observed in
the neighbouring odd - odd N = 89 isotones shown in
Fig. 2.

Several new levels have been identified in "°Pm
and interpreted in the framework of theoretical mo-
dels.
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INTRODUCTION

In the very recent years the knowledge of the level
structure at lower and higher energies in the fpg shell
N=Z nuclei has renewed a growing interest due to ma-
jor improvements in the theoretical techniques. Going
away from closed shell, the shell model calculations
rapidly exhaust computer capabilities and we must re-
sort to the model observed on collective phenomena.
The fpg odd-odd N = Z around the doubly magic *®Ni
nucleus are good candidates to investigate the compe-
tition between collective and single-particle excitation
[1-3].

Here is presented a part of results obtained from
an exhaustive sistematic study [4,5] of the selfconju-
gate doubly-odd nuclei with A > 62: §3Ga and §As
nuclei using the interacting - boson - fermion - fermion
- model (IBFFM) [6-8].

RESULTS AND DISCUSSION

The odd-odd nuclei are described in the framework
of the IBFFM by coupling valence shell proton and
neutron quasiparticles to even-even core described in
the interacting - boson model. Inthe first step of the
calculations the core parameters for °Zn and %4Ge
cores were fitted to the energies of their excited states.

In the second step of calculations, I have adjusted
the IBFM proton hamiltonian to the low - lying levels
of 3Ga and %7As nuclei and IBFM neutron hamilto-
nian of low - lying levels of1Zn and %°Ge nuclei in-
volved in the casees of the structure of odd-odd %2Ga
and %% As nuclei. We have finally calculated the level
spectra and electromagnetic properties of above men-
tioned nuclei. The IBFFM positive - parity energy
spectra are compared with experimental ones in Fig.
1. These calculations show a resonable agreement with
experimental data and existing shell - model calcula-
tions.

E (MeV)

A
°

[ N—

)

Figure 1: Low - lying experimental levels in ®?Ga [2]
and %®As [1,7]compared with the present IBFFM cal-
culations.

References

[1] R. Grzywacz et al., Phys. Lett., B429, 247 (1998).

[2] S. M. Vincent et al., Phys. Lett., B437, 264
(1998).

[3] D. Rudolph et al., Phys. Rev. Lett., 80, 3018
(1998).

[4] E. Dragulescu, in Proceedings ”International
Workshop Pingst 2000 - Selected Topics on N = Z
Nuclei”, June 6 - 10, 2000, Lund, Sweden, Eds.
D. Rudolph and M. Hellstrom (Bloms i Lund AB,
2000), p. 210.; E. Dragulescu to be published.

[5] R. Grzywacz et al., in Proc. Int. Conf. ”Nuclear
Structure 2000”, August 15 - 19, 2000, East Lans-
ing, in press.

[6] V. Paar et al., Z. Phys., A327, 291 (1987).



30

Nuclear Physics
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We have studied the 159~174Yb isotopes in the frame
of the Interacting Boson Model (IBA-1) and the Ge-
ometric Collective Model (GCM). The existing expe-
rimental information in these nuclei refers mainly to
the ground state and gamma bands. The information
is not so rich on the excited K=0 bands. Our aim was
to describe the structure of the low lying states.

The energy of the first excited state of the ground-
state band (2]) lowers continously from E=243 KeV
in 1%9Yb to E=77 KeV in '"Yb. The energy of the
band-head of the gamma band increases from E=820
KeV in 0YDb to E=1634 KeV in ' Yb and the energy
of the K=0 band-head (the 05 level) is almost constant
[1].

IBA and GCM are two different approches to the
nuclear structure. IBA represents the algebraic point
of view and GCM the geometric one. It has been
shown that they describe the same physical structure
[2]. We used this study also to find out how far the
similitude between the two models can go.

The IBA computer codes ”PHINT” and "FBEM”
have been employed with the CQF parametrisation [3].
It has been shown [2] that the GCM can also reproduce
the three known symetries (symertic rotor, vibrator
and ~y-unstable rotor) using only the first three terms
in the potential part of the hammiltonian. Therefore,
in the GCM code we retained only four parameters -
Cs, C3 and C, for potential, and the mass parameter
B> [4].

The first nucleus where the calculations have been
performed was '"2Yb, which is situated very close to
the rotor limit. We obtained good fits, both in IBA
and GCM. The procedure was extended as follows: for
each nucleus we firstly employed the parameters from
the neighbour isotope. Then, slowly varying the pa-
rameters we looked for the best agreement with the

experimental level scheme and the B(E2) values. The
main problem of this procedure appears between the
isotope with A=170 and the isotope with A=168. Here,
the relative position of the gamma band and of the
K=0 band changes. Therefore we had to accept a leap
of the parameters in this point in order to reproduce
this effect.

In conclusion, we obtained acceptable agreement
with the experimental values, both in IBA and GCM.
The model parameters were kept in a narrow range.
As we expected, the most difficult problem is the des-
cription of the K=0 bands. Their nature seems more
complex than the simple assumptions of the pure col-
lective models and we can observe a disagreement both
for B(E2) values and the parameter of inertia of K=0
bands of some isotopes.

Althought the calculations in the two models have
been developed independently, the results are similar.
Differences appear in details such as the moments of
inertia of the excited K=0 bands.

Further on, we are planning experiments guided by
these calculations.
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The exchange bias (EB) phenomenon is associated
with interfacial coupling between ferromagnetic and
antiferromagnetic layers, which results in an unidirec-
tional magnetic anisotropy. The macroscopic effects
related to exchange biased systems are the shift of the
hysteresis loop towards positive or negative directions
and an increase of the coercitivity field as upon cool-
ing the system in an applied magnetic field. However,
another macroscopic effect, namely, time relaxation of
the exchange bias field has gained little attention so
far [1,2,3].

The system we used for measuring the three macro-
scopic effects and, especially, the time relaxation one is
a CoO/Co multilayer. The sample was prepared by rf-
sputter on an a-plane sapphire substrate. The growth
parameters were optimised as to obtain a low interface
roughness, in expense of the criystalinity. The mea-
surements were carried out at the ADAM reflectometer
(ILL) by Polarised Neutron Reflectometry. The sam-
ples have been characterised by x-ray reflectivity and
MOKE measurments. Neutron hystersis loops[Fig. 1]
were measured at 310 K (TN of CoO is 291 K) and
240 K by scanning the magnetic field and detecting
the 4 reflectivities (R++, R+-, R-+, R-) at the po-
sition of the first multilayer peak. From such curves
we see that the reversal of magnetisation in the sam-
ple occurs not by in-plane rotation but rather through
domain walls movement. In-plane magnetic moment
rotation would have induced an increase of the spin-
flip reflectivities (R+- and R-+) at the crossing-point.
There was no difference of the behaviour of the mag-
netisation reversal process from room temperature to
low temperature and from the positive to the negative
part of the hysteresis loop. We noticed, as well, that
the exchange bias field was not stable in time[Fig.2].
It decreases from about 180 Oe towards 0 Oe. The
half-life time obtained by fitting the time dependence
of the exchange bias field (TDEBF) curve with a ”ex-
ponential decay” type of function was 580 sec.

References

[1] W. Meiklejohn and C. P. Bean, Phys. Rev. 102,
1413 (1956); 105, 904 (1957)

[2] J. Nogues, I. K. Schuller, Exchange bias, ] MAGN
MAGN MATER 192: (2) 203-232 FEB 1999

[3] R. L. Stamps , Mechanisms for exchange bias, J
PHYS D APPL PHYS 33: (23) R247-R268 DEC
7 2000

Time Dependence
Measuring Point

104 %%
Crossing Pog
oA
ony s IV
e

+|+_ C

0.84

044 | —@— |++

Intensity / [u.a.]

0.24

e, (10 (1P
X P M TIINIA WYY
A
00 R

T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Magnetic Field / [Oe]

ADAM
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Considering the stability of magnetic configurations
near ferromagnetic/antiferromagnetic interfaces, it is
important to understand how the exchange bias (EB)
and the coercitivity field are affected by thermal fluc-
tuations [1,2]. We have studied the time and tempera-
ture dependence of natural CoO/Co bilayers prepared
by rf-sputtering and oxidized in air. The growth pa-
rameters were optimised in order to obtain a low inter-
facial roughness. We observed two striking peculiari-
ties when studying the temperature dependence of the
hysteresis loops after field cooling: a) the exchange
bias starts out with a positive value at the blocking
temperature of TB=180K, and becomes negative be-
low 160 K. b) the coercive force increases drastically
below 210 K. Thus there is a temperature region where
the coercive force is enhanced while the EB is sup-
pressed [Fig. 1]. The last observation is in agreement
with a thermal activation model proposed by Wee and
Stamps [3].
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Figure 1: The -EB and coercitivity field versus the
temperature. The sample was cooled in FC=2440 QOe.

The time dependence of the EB was evidenced by
its sweeping rate dependence at finite temperature.
Taking advantage of the fact that for our system the
first magnetisation reversal branch of the hysteresis
loop is mainly causing the shift of the hysteresis loop

(as shown by the training effect) we stopped the mag-
netic field sweep at different points around the coer-
cive force. We then determined the magnetic relax-
ation[Fig. 2] and, after magnetisation reversal, closed
the loop by sweeping the magnetic field again. We no-
ticed that in the region of positive EB the hysteresis
loop is enlarged, while in the negative EB region it
is narrowed. The training effects show the same be-
haviour.
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Figure 2: The evolution of Kerr rotation versus the
time. The field scan was stopped at several waiting
magnetic fields before the magnetization reversal one.
In the inset: the dependence of time relaxation versus
the waiting field.
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The neutron-deficient Kr isotopes have a long his-
tory as candidates for the occurrence of coexistence
between well-deformed prolate and oblate shapes [1].
The pronounced shell gaps for large prolate and oblate
defromations at proton number Z=36 [2] play a major
role for the structure of the Kr isotopes. Different shell
gaps for neutron numbers between 36 and 42 lead to a
pronounced deformation in the more neutron-deficient
isotopes. Close to the N=Z line prolate and oblate
shapes are generally expected within a few hundred
keV of excitation energy. The shape of the ground
state depends very much on the details of the effective
interaction, including the possible influence of proton-
neutron pairing when approaching the N=Z line. De-
tailed measurements of the properties of shape coex-
isting states in light Kr isotopes therefore constitute
an important test of the nuclear models.

A systematic study of the properties of neutron-
deficient Kr isotopes has been performed by our collab-
oration over few years. In-beam v-ray and conversion-
electron (CE) spectroscopy after fusion-evaporation re-
actions was used to study “*Kr [3], while Coulomb
excitation was performed on "®*Kr. In the most re-
cent experiment, we have investigated isomeric states
in very neutron-deficient nuclei around A=70, using
for the first time combined CE and ~y-ray spectroscopy
after fragmentation reaction. Here, a 73 MeV /A K7
beam, delivered by the GANIL cyclotrons, was frag-
mented on a Be target. The fragments were mass and
charge analysed by the LISE3 spectrometer and im-
planted in thin Kapton foil. y-ray were measured with
a set up of segmented Clover detectors from EXOGAM
collaboration, while the CE were detected with a large
area Si(Li) detector mounted close to the implantation
foil. With this method isomer transition can be as-
signed on an event-by-event basis to a given fragment.
In this way an isomeric 07 state in 7* K'r, first observed
in an earlier GANIL experiment without CE detection
[4], could be firmly established by its EO decay to the
ground state. Moreover, a new 0T isomer was identi-

fied as the first excited state of the N=Z nucleus 2 Kr.
This finding constitutes the first observation of a shape
isomer in an N=Z nucleus.
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The experiment reported hitherto aimed at obser-
vation of magnetic phase transition in a Fe/Gd bilayer
embedded in a multilayer neutron resonator. Polarised
neutron reflectivity (PNR) measurements were carried
out using the ADAM reflectometer at the Institute
Laue Langevin. The magnetic structure of Fe/Gd mul-
tilayers is the result of the competition between the
ferromagnetic coupling in Fe(bcc feromagnet) and in
Gd (bce feromagnet) layers and an antiferromagnetic
coupling at the interface. It was shown[1,2] that three
magnetic phases can take place: twisted, aligned-Fe,
aligned-Gd. The aligned states are unstable against
a strong enough magnetic field and, for a critical one,
the magnetic moments leave the aligned states and will
make an angle in respect to the external field. At low
temperatures only 2 phases are expected to occur: one
at low fields when the Gd moments are aligned in the
direction of the field, and iron moments are antipar-
alel; at high enough external magnetic field the system
undergoes a transition towards a state where the mag-
netisation of Fe and Gd are kept antiparalel between
themselves but under an angle to the external field.
As the neutron spin-flip reflectivities are sensitive to
such an angle, one would expect a direct evidence of
such a transition by direct comparison of the reflec-
tivities corresponding to the aligned-Gd and twisted
magnetic phases. Taking advantage of the neutron
density probability enhancement in the neutron mul-
tilayer resonator [3,4], we have measured the neutron
reflectivities(R++, R+-, R-+, R-) from the follow-
ing sample: Cu(100 A)/Ti(500A)/Gd(30A)/Fe(120A)
/Ti(1500A)/Cu(1000A)/Glass at 3 different tempera-
tures (93 K, 50K, 1K). For each temperature point,
2 sets of reflectivities were collected at 500 Oe and
5 KOe. The magnetic field was applied parallel to
the sample surface. The measurements at (H=5 KOe,
T=95 K) are shown in fig 1. Plotted lines are the
collected neutron intensities Tuu, Idd, ITud, Idu which
after data manipulation according to Ref. 5 will turn
out in reflectivities R++, R—, R-+,R+-. One can no-
tice that there are dips in total reflection region for
Idd and Tuu, mainly due to the neutron absorption in
Gd layer. It shows that for different neutron wave-
lengths the neutron density probability is enhanced,
thus the absorption and spin-flip probability (if any)

is enhanced, as well.
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Figure 1: The Iuu (R++) neutron intensities at T=95
K for 2 different magnetic fields: H=5000e and, re-
spectively, H=5 KQOe. In the inset:The Tuu, Idd, Idu,
Tud neutron intensities at T=95 K and H=5 KQOe. The
magnetic field was apllied paralel to the sample sur-

facan fig. 2 the intensities Tuu at T=95, H=500 Oe
and (T=95, H=5 KOe) points in phase diagram are
plotted against the wave vector transfer. The differ-
ence between them is well seen in the total reflection
region while in the Kissing fringes regime it is hardly
distinguishable. The origin of the difference of the two
reflectivities is connected with the change of magnetic
configuration of the Fe/Gd system. The Fe/Gd bilayer
at H=500 Oe is more noncollinear than at H=5KOe.
Quantitative analysis of the data based on fitting to
the neutron reflectivities is now under development.
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Improved cross-section calculations are reported in
this work [1], based on updated particle-hole level
density formalism including energy-dependent single-
particle level densities as well as surface effects [2].

The often low predictive power of the statistical
and pre-equilibrium (PE) nuclear reaction models has
recently been underlined by IRMM studies [3] of both
absolute cross sections and shape of excitation func-
tions of fast neutron-induced reactions on medium mass
nuclei. A better description of the high-energy side
of activation excitation functions, most sensitive to
PE modeling (e.g. Fig. 1a), is obtained especially
within the geometry-dependent hybrid (GDH) model
by means of averages of the imaginary potential and
nuclear density over projectile trajectories for various
partial waves in order to determine the intranuclear
transition rates ( [4] and references therein). At the
same time it is assumed that the reactions are local-
ized within spherical shells determined by the pro-
jectile impact parameter. Actually, the discussion of
the nuclear surface localization of preequilibrium reac-
tions at low energy [5], by means of the semiclassical
method, has confirmed the geometry effect taken into
account within the GDH model (Fig. 1b,c). Moreover,
Kalbach’s [6] recent phenomenological re-analysis of
the surface localization of the initial target-projectile

interaction provides an increased effect for lower en-
ergy neutrons, in close agreement with the results ob-
tained by using the improved particle-hole level den-
sity within the GDH formalism.
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Vanadium is of interest as a candidate low-activa-
tion structural material in devices with a hard neutron
flux. Recent measurements of the *”Sc production in
benchmark irradiations of vanadium alloys showed dis-
crepancies with calculations using data from the EAF-
97 library of C/E=1.5 or more depending on the neu-
tron spectrum used. In the present work [1, 2] the
reaction "*V(n,a)?"Sc is studied from threshold to
20.5 MeV with the aim to improve the data base and
resolve the above discrepancies. Simultaneously, new
measurements were done for the 51V(n,a)*¥Sc reac-
tion as well, e.g. Fig. 1(a,b), and some additional ex-
perimental data were added to those obtained recently
for the ' V(n,p)>! Ti [3]. Calculations were performed
using a revised version (e.g. [4]) of the STAPRE-H95
statistical model code [5] with pre-equilibrium con-
tributions calculated using the geometry dependent
hybrid model. A physically consistent description of
all pertinent experimental information was attempted.
In most cases a description of the experimental data
is obtained that is sufficiently accurate to consider
adopting all the new model calculations in evaluated
data files. Disagreement with earlier estimates for the

31V (n,n'a)*"Sc cross sections is attributed to a mis-
interpretation of the dominant process that is ongoing
around 14.8 MeV incident energy, e.g. Fig. 1(c).
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A consistent description of all experimental data
related to the nuclear level density of medium-heavy
nuclei, i.e. the low-lying discrete levels, the nucleon-
resonance data, and the level density data above the
nucleon binding energy, has been obtained [1]. The
back-shifted Fermi gas (BSFG) model has been used
for the description of the nuclear level density at exci-
tation energies lower than the nucleon binding energy
by fitting the latest experimental low-lying discrete
levels and average s-wave nucleon resonance spacings
Dy. While recent studies [2] indicate that the effec-
tive moment of inertia of the nucleus is about half the
widely used rigid-body value I,., the analysis of the ra-
tio of the proton and neutron resonance spacings corre-
sponding to the same compound nucleus [3] has led to
the value I/I,=(0.75+0.06) for the nucleus 1 V. More-
over, following theoretical predictions we have adopted
a variable ratio I /I, that ranges from 0.5 at the ground
state energy to 0.75 at the binding energy and 1 at 15
MeV, while remaining constant above.

Also, various approaches developed for the energy-
dependent level density parameter are reviewed, point-
ing out the usefulness of the method proposed by Kon-
ing and Chadwick [4] for choosing the appropriate
shell correction energy. A consistent description of
both the s-wave nucleon-resonance data and the level
density data above 10-15 MeV, for nuclei with A=55-

70 and A=104-114 has been obtained. A smooth tran-
sition range from the BSFG formula description (dot-
ted curves, Fig.1) to the approach adopted for the
higher energies (dashed curves) has been chosen be-
tween the binding energy and the value of 15 MeV.
The difference still existing at the binding energy is
due to the different (i) effective energies, and (ii) forms
of the two approach denominators. The partial re-
moval of the former effect could be obtained by using
a correction factor given by the ratio of the nuclear
temperatures corresponding to the two formulas.
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Production of fast neutrons studies have come to
the fore in the past few years because of the great
interest for the possible applications of induced fis-
sion to produce neutron rich ion beams. In this con-
text, the main objective of the SPTRAL IT (Systeme de
Production d’Tons Radioactifs Accélérés en Ligne) and
PARRNe (Production d’Atomes Radioactifs Riches en
Neutrons) R&D projects is the investigation of the fea-
sibility and of the optimum parameters for a neutron
rich isotope source. Special attention is dedicated to
the energy and angular distributions of the neutrons
obtained through deuteron break—up in different types
of converters and different incident energies. Analysis
and modelization of such behaviors, together with the
study of the yields of neutron induced fission [1], can
be used to optimize the productivity of the fissioning
target it’s geometry and designing it accordingly. The
present report continues our previous studies realised
for 17, 20, 28 [2] and 200 MeV [3] deuteron energies
and it is focused on deuteron incident energies of 80
and 160 MeV.

Deuteron beam

Figure 1: Experimental set-up

In the experiment, the double differential cross sec-
tion for neutron production induced by 80 and 160
MeV deuterons impinging on thick C and Be targets,
in which the incident deuterons were complete stopped,

have been measured. The energy of the neutrons was
determined from the time-of-flight (TOF) measure-
ment. To obtain an energy resolution of about 4%
for the fastest, forward—emitted neutrons, which have
approximately beam velocity, the length of the flight-
path for the detectors at angles up to 30° was chosen
to be 6 m. At backward angles, where the neutron
energies are lower, a stforter flightpath was chosen. A
schematic drawing of the setup is shown in Fig. 1. A
100 mm thick Be target and a 70 mm thick C target
were used.

Results are exemplified with the angular and ener-
gy distributions of neutron obtained for Be target at
80 MeV in Fig. 2.
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Figure 2: Experimental angular and energy neutron
distributions.
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The Phase I FOPI data evidence for highly central
Au + Au collisions at 100, 150 and 250 A-MeV system-
atically larger mean kinetic energies for He fragments
relative to the 3H values [1]. The EOS Collaboration
find the same trend with somewhat larger size [2].
Microscopic transport models [3] and hybrid hydro-
dynamical models, including pure Coulomb repulsion
at the freeze-out moment [4] do not succeed to ex-
plain quantitatively this difference. Similar findings
are recently reported by the INDRA Collaboration [5]
for 129Xe + ''9Sn at 50 A-MeV. At a higher incident
energy 1.15 A-GeV it seems that this difference disap-
pears. Both types of fragments have the same mean
kinetic energy, following a trend as a function of the
fragment mass only, which is specific for the emission
from an expanding source.

Corroborating these facts, based on the dynamics
of the expansion suggested by hydrodynamical models,
one could imagine that due to the Coulomb repulsion,
the outer layers of the initial fireball are to some ex-
tend more proton rich than the inner zones. If this
is the case, then one expects He fragments originat-
ing with higher probability from these regions of the
fireball and consequently having larger expansion ve-
locities as far as the expansion has an almost linear
dependence as a function of the distance from the the
center of the fireball [3, 4]. Within such a scenario,
the 3He fragments are supposed to be emitted pref-
erentially in earlier phases of the expansion than the
3H fragments, and feel a larger shadowing from the
spectators passing by. For mid-central collisions this
may lead to a difference in the squeeze-out signal. In
order to check this, we analysed data of Ru + Ru colli-
sion at 400 A-MeV obtained with the Phase IT - FOPI
experimental configuration.

The mass and charge identification of A=3 frag-
ments is achieved using the combined information from
the central drift chamber (CDC) and the time-of-flight
Barrel surrounding the CDC. The low momentum range
cannot be used due to the geometrical gap between the
CDC and HELITRON. However, the kinetic energy
distribution of *He and 3H, for highly central colli-
sions (1% cross section), show similar trends as those
observed in Au + Au collision [1]. The selection of
the collision geometry and reaction plane determina-
tion are explained in a different contribution to this re-
port. The azimuthal distributions are obtained in the
reference frame rotated by the sideward flow angle rel-
ative to the collision axis. Due to geometrical cuts the

experimental data are analysed in the angular range
0°-60° and 300°-360°. The angular distributions are
obtained by symmetrising these results relative to 90°
and 270°, respectively. For an impact parameter range
of b = 2-4 fm one observes a much larger squeeze-out
signal for 3He relative to *H. The two azimuthal distri-
butions are normalised at 0°. A second order Fourier
expansion (f(®) = a,(1+a2c08(2®))) is used to fit the
azimuthal distributions. The resulting as coefficients
for all fragments from A=1 to A=4 are presented in
Fig.1. While p,d and “He show the well known en-
hancement of the squeeze-out signal as a function of
mass, larger a, values for ®He relative to >H can be
observed. Different cross-checks and comparisons with
microscopic model predictions are in progress. How-
ever, this preliminary result seem to indicate that the
relative value of the squeeze-out signal of *H and 3He
could be related to the isospin distribution in the fire-
ball at the freeze-out moment. Obviously, other contri-
butions (like Coulomb focusing) to the observed effect
are not excluded.
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Figure 1: ay values as a function of mass of the reaction
products for Ru + Ru collision for the same geometry
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and p;”’ values as for Fig. 1
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A unified representation of the squeeze-out trends
can be done in terms of the azimuthal distribution of
the kinetic energy [1, 2]. A comprehensive description
of the squeeze-out phenomena in the energy range 0.25
- 1.15 A-GeV is based on the parametrisation of the
transverse mass spectra with an expression describing
a radially symmetric expanding shell [1]. As far as
such a situation can hardly be encountered in heavy
ion collisions and is not specific at all for mid-central
collisions, a presentation of the experimental informa-
tion free of any model is preferred.

In this contribution we present results on azimuthal
distributions of the collective flow § (=v/c) which is
extracted from the rise of the experimental mean ki-
netic energy < E{I > with the mass of the reaction
products. We use the full coverage of the FOPI exper-
imental device in order to extract as precise as possi-
ble this experimental information. Therefore, we have
to combine the information from the forward plastic
wall detector where the reaction products are identi-
fied only by their charge with the one from the cen-
tral drift chamber (CDC) where the reaction products
are identified by their mass. This is achieved by us-
ing the information obtained during earlier Phase I
experiments when Si-Csl telescopes delivered a very
good mass and charge separation of the light products
within the acceptance of the plastic wall [3]. The
collision geometry definition is based on CDC charged
particle multiplicity and the ratio of transversal to lon-
gitudinal energies [4]. The analysis is performed in a
reference frame with the z axis along the sidewards
flow direction and within 80° < @., < 100° polar
angular range. The azimuthal distributions are sym-
metric with respect to 90° and 270°, hence, we overlap
0°-90° and 270°-360° azimuthal ranges to decrease the
statistical errors, make five bins in azimuth and reflect
the results in order to cover the full angular range 0°-
360°. The average flow value, f3,, and the out-of-plane
- in-plane difference, Aj, are taken from a fit to the
flow (8=v/c) azimuthal distributions using the follow-
ing expression:

B(®)=8, - AB - cos2P

The elliptic flow characterised by the major axis
perpendicular to the reaction plane rises continuously
from 90 to 400 A-MeV for mid-central collisions (Fig.
1). At 90 A-MeV the in-plane and out-of-plane flow
values are very similar, specific for the Ey.,, region
[4]. At all energies the flow 3, increases with the cen-
trality, namely with increasing the baryonic content of

the fireball (Apare), while Ag, the difference between
out-of-plane and in-plane flow, decreases showing the
shadowing effect of the spectator matter. At lower cen-
tralities, i.e. larger impact parameters, the spectator
matter being more compact, the bulk of products de-
tected in the reaction plane emitted by the fireball and
not hindered by the spectators correspond to the late
phase of the expansion when the flow is weaker and
the spectators moved apart from the collision zone.
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Figure 1: The average, §,, and in-plane - out-of-plane
difference, AS, of the flow value as a function of cen-
trality, for 90, 120, 150, 250, 400 A-MeV

These experimental trends can be followed in Fig.1.
The continuation of these studies at higher energies
and detailed comparisons with microscopic transport
model predictions are in progress.
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This contribution is aimed to be a continuation of
the previous report [1], where it was proposed a new
type of structure of a MRPC and presented prelimi-
nary results obtained with it.

Besides the 30 cm long counter (short version), we
tested also a 90 cm long version, a size appropriate for
the time of flight barrel, surrounding the CDC,; in the
FOPI experimental device.

Different of our first prototype, all resistive elec-
trodes are made from normal transparent glass, 2 mm
thick for the short version and 1 mm thickness for the
long version.

The electrod’s width remained the same while the
intermediate read-out printed circuit has for the long
version only 12 strips relative to 16 used in the 30 cm
counter.

As spacers we used for these tests two fishing roads
along the floating glass electrode at about 5 mm from
the lateral edges, on both sides of it. The long version
was also tested with discrete spacers, every 5 cm, 5 mm
long, fixed on the edges of the intermediate electrode.

A %9Co source was used for tests and Fig. 1 shows
the experimental configuration.
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Figure 1:
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While the electronic scheme is similar with that
used in the previous tests, this time we equiped 4
strips - 8 channels, to see in which extend there is
some influence on the results as a function of number
of operated channels. The standard ORTEC421 fast
amplifiers were replaced by 810L old GSI version.

Taking only the amplitudes larger than a given
value and narrow conditions in the position (of about
30 mm), the sum time spectra t = 1/2(tiepr + tright)
was obtained.

The measurements done with the short prototype
reproduced the previous results [1] in terms of time
resolution.

The result of Gaussian fit and the final time res-
olution, corrected for the contribution of the plastic

scintillator for the long prototype tests can be followed
in Fig. 2.
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Figure 2:
The main conclusions of the present tests can be
summarized as follows:

e the proposed structure gives reproducible results

e the time resolution does not depend on the lengths
of the counter and does not show any position
dependence

e the time resolution performance does not depend
on the operated number of strips

e preliminary studies of the electronic cross-talk
show that such counters could be operated in
multiple hit environment if the distance between
hits is larger than the number of strips fired due
to the avalanche size. However, quantitative an-
swer can be delivered after detailed tests using
MIPs in multiple hit environment.

e normal transparent glass plates can be used for
such a couter without a visible efect on the time
resolution. Other aspects like the life time and
the dependence of the performance as a function
of operating time have to be studied in the future

e 3 better concept for the spacers has to be worked
out and this seems to be much easier if the float-
ing glass electrode will have a larger width rela-
tive to the others.

The results of present tests, in terms of time reso-
lution, confirm the one of the previous report arguing
the urgent need of in-beam tests using MIPs.
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Since their development as practical detectors in
the early 1960s, silicon diodes have become the detec-
tors of choice for the majority of applications in which
heavy charged particles are involved.

Some of the more common applications involve the
spectroscopy of alpha particles and fission fragments
and the measurement of energy loss of charged parti-
cles in transmission detectors.

If a measurement of the radiation energy is not
required, simple counting of charged particle radiation
can be carried out with silicon diode detectors which
have quite good timing characteristics.

Silicon Sensors Inc. offers a wide range of stan-
dard photocell configurations. We have several low
capacitance (LC=12.57) cells of 1 inch long and 0.2
inch width, having the following elctrical characteris-
tics (measured at 25° Celsius):

Active Area Dimensions =4.42x 25.17 mm?

Dark Current: for VR =2V, I =4000pA
VR=10 V, I=20000 pA
Junction Capacitance: for VR = 0V, C=2220 pF
VR=5 V, C=555 pF.

We used four such photo-electric cells to detect
backward scattered beam particles in Coulomb exci-
tation experiments. These were arranged as indicated
in Fig.1 and positioned 4.5 cm far from the target po-
sition.

We tested the energetic resolution and the timing
characteristics of these photoelectric cells. They were
connected through 4 charge sensitive preamplifiers to
four spectroscopic amplifiers and were operated with
different negative bias voltages. The energetic reso-
lution improves with incresing voltage and we estab-
lished an optimum value at 80V.

and for

and for

E.E mch

1 mch

Figure 1: Schematic drawing of the arrangement of
the 4 element array of photoelectric cells in Coulomb
excitation experiment

States in "*Ge were Coulomb excited by a 45 MeV
16) beam delivered by the FN Tandem accelerator
in Bucharest. The cells covered angles from 156° to
170 ° with respect to the beam direction. Detection
of y-rays in coincidence with 60 scattered at these
angles provided information about the time resolution
of the photocells, which was ~ 34 ns.

We also tested the detectors performance by
recording the fission fragment spectrum from the
spontaneously fissioning isotope 2*2Cf in coincidence
with v rays. The time resolution was ~ 25 uns.

We intend to use these detectors for further in-
beam experiments.
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The diamond has proper electrical properties for
being used as a particle radiation detector. Due to its
radiation hardness and fast charge collection speed,
the CVD diamond detectors have been investigated
and developed in the last decade for possible use as
trackers in high luminosity hadron colliders [1]. Re-
cent results demonstrate the excelent timing proper-
ties and extremely high counting rate capability of
CVD diamond detectors in heavy ion experiments [2].

We have reported our preliminary results on timing
properties of CVD diamond detectors for minimum
ionizing particles (MIPs) [3].

We continued our investigations with a better qual-
ity CVD material. For the results presented here, two
polished CVD diamond samples grown to a thickness
of 500 um were used (samples D1 and D2). The charge
collection distances measured by us for these samples
are about 200um. As in our previous comunications,
the results have been obtained using a °°Sr 3 source
with an end point energy of 2.28 MeV.The observed
energy loss of the 8 particles in the diamond sample is
a good approximation to the energy loss of minimum
ionizing particles [4] . Using walk corrections for the
D1 detector and selecting amplitudes between chan-
nel 750 and channel 1000 for the second detector (see
Fig.1a) in order to have a reference signal not influ-
enced by the walk effect, the intrinsec time resolution
of 95ps was obtained, without any amplitude cut in
the correspondly sample (Fig.1b).

750<E<1000

Fig.1

The detection efficiency is an other important pa-
rameter studied in the present work. Using the fast
preamplifier developed for CVD diamond counters [5],
for which the best time resolution was found, an CF4000

discriminator, the detection efficiency is very low(~3%).
There are many signals just below the treshold of the
discriminator setting at the noise level (Fig.2a). A
much better value of about 90% was obtained using a
charge sensitive preamplifier, characterized by a much
better signal to noise ratio (Fig.2b).

2 0 .

Fig.2

In conclusion, the results reported here show that
using high quality CVD material and appropriate elec-
tronics for signal processing, diamond detectors could
become serious candidates for being used as T0 detec-
tors for MIPs with a time resolution below 100 ps.

The main effort should be concentrated now on
developing the proper electronics in terms of signal
to noise ratio preserving the timing properties of the
present generation.
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The properties of hollow atoms related with their for-
mation mechanism have been intensively studied.In
typical ion-surface experiments the study of the in-
trinsic nature of hollow atoms in the first generation-
hollow atom above the surface(HAA)-is difficult, be-
cause the time interval between the HAA formation
and its arrival at the surface is shorter than its intrin-
sic lifetime. Beam Capillary Spectroscopy (BCS) is a
new and powerful method recently developed ! which
allows direct observation of HAA in vacuum by using
a thin microcapillary as a target. qs. 22 keV 07" and
N¢* ions (q =5,6,7) from RIKEN 14.5 GHz ECR ion
source were used as incident projectiles. The charge
states of the ions transmitted through the target were
separated and analyzed by a new charge state analyzer
built in Atomic Physics Lab. at RIKEN. It consists of
two sets of deflectors arranged in a ” cascade” type con-
figuration so they can guide the ions towards a chan-
neltron. The Ni microcapillary target (area: 4mm?,
length : 3.8 um) is set in front of the analyzer. Results
are shown in Fig. 1 and they present the following fea-
tures: (a) One electron capture ( qy=q-1) dominates in
the charge changed fractions, independent of the pro-
jectile and initial charge state. (b) Almost neutralized
projectiles (q=1) are produced in large quantities and
comparable to that for one electron capture. (c) The
other charge states fractions ( 1<qy< g-1) are lower
than those for qy=1 and qy=qg-1. (d) For the same ini-
tial charge state g, almost similar behavior was found
in the final charge state distributions.

The total fraction CF of the all transmitted ions
who captured electrons from microcapillary walls can
be estimated by CF=2d./p with d. = (2(])1/2 /W,
where d. is the critical distance for one electron cap-
ture, p is the nominal radius of the microcapillary and
W is the binding energies of the target valence elec-
trons. The CF formula is available under assumptions
that the beam is entering parallel with the capillary
axis and with the capillaries being of perfect cylin-
drical shape. The present target has capillaries with
radii varying between 50nm on the backside and 90
nm on the front side. Considering a nominal radius of
50nm the expected CF is ~ 4.1% for q=7 and decrease
to 3.5% for q=5. The total fraction CF measured is
larger, due to different conditions of the beam and the

capillary from the ideal conditions as mentioned above.

The present results are in qualitatively agreement
with the theoretical one®. The measurements for N¢+
ion beam can be also qualitatively compared with a
previous measurement with N+ (28 keV) incident pro-
jectile on a Ni microcapillary target* with a different
nominal radius and length.We found an overall agree-
ment for final charge states distribution pattern in
both cases.
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Figure 1: Charge state distribution for N9t- full sym-
bols and Q% - open symbols; q=7, 6, 5 - charge of the

incident projectile on Ni microcapillary target
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The aim of this study was the microelemental anal-
ysis of blood serum samples collected from healthy and
ill cows (downer cow syndrome DCS). The origin of
this syndrome is uncertain but the clinical experience
denotes that the DCS is advanced by the hypocalcemic
paresis of parturition. The diminution of some nutri-
tive elements from food can be a cause of DCS. The
cows are more sensitive to the diminution of P in food
in comparison with the diminution of Ca. Another in-
teresting aspect about the origin of DCS is the ratio
Ca/P in food.

The samples were colected from cows at some an-
imal farms: 20 healthy cows and 12 DCS cows breeds

on the same conditions. Concentrations of P, Cl, K,
Ca and Fe elements were obtained by using particle
induced X - ray emission (PIXE) and inductively cou-
pled plasma (ICP).

The mineral concentrations in the serum have val-
ues in normal limits for healthy cows even during the
winter, when the mineral content of drying food is very
poor. On the other hand , we can observe important
decreases under the normal limits of the amount of
Ca, P and Mg in the blood serum of DCS cows. It is
easy to see the tendency of the DCS animals to have
hypocalcemia and hypophosphatemia. Those pertur-
bations can be the causes of the installations of the ill
cows in the lypostatic and decubital attitudes.
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Careful measurements of recoilless Rayleigh scatte-
ring of 5"Fe -14.4 keV radiation on RbyZnCly crys-
tals can provide valuable information on the normal-
incommensurate phase transition.

The 14.4 keV 5"Fe photons from a Mdssbauer source
of ®"Co in rhodium, scattered at 5.82° with respect to
the (ac) plane, were measured at different tempera-
tures around T;. Details of the experimental set-up
and the method used to discriminate the photons sca-
ttered elastically from those which undergoes inelastic
scattering are described in [1]. Clear discontinuities in
the resonance effects € and in the ratio f;, /f.; (Fig. 1)
are observed at T;.
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Figure 1: The temperature dependence of the ra-
tio f;,/fe of the Mossbauer radiation scattered on
RbsZnCly; doted curve is a guide line.

Two models have been proposed in order to des-
cribe the normal-incommensurate phase transition in
insulators of the A;BX, family: the displacive one and
the order-disorder one [2]. In the displacive model the

incommensurate phase is characterized by the appea-
rance of a modulation of the atoms positions with a
periodicity which is an irrational fraction of the peri-
odicity of the underlying lattice. In the order-disorder
model the potential energy surface of the atoms is con-
sidered to have two minima in the incommensurate
phase. The probability of finding an atom in a specific
minimum is modulated.

The ratio f;;, /f; gives especially information on the
dynamics of the lattice. According to the differential
cross-section for coherent inelastic scattering of photon
[3], the magnitude of the coherent inelastic intensity
increases with decreasing the frequency wq; of the lat-
tice mode (q,j). Thus, the modes with low frequency
have an important contribution to the f;,.

The displacive model predicts a critical regime of
the inelastic scattering of photons around T; [4]. Our
results are consistent with this model. In a simplified
picture, the critical regime of the inelastic scattering
is related to the critical soft mode whose contribution
to the differential cross section is important due to its
frequency approaching ”zero”. In our experiment the
scattering vector Q is approximately perpendicular to
the (ac) plane. Hence the soft mode oscillates per-
pendicular to the (ac) plane and involves the motion
of the Rb atoms which are by far the most efficient
scattering atoms of RbyZnCly.

In conclusion, we reported a new critical phenome-
non related to the normal-incommensurate phase tran-
sition of RbyZnCly: the inelastic scattering of Mos-
sbauer radiation. This result proves that a significant
change in the lattice dynamics occurs at the transition
temperature.
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The elemental composition of sediments collected
from some Danube Delta lakes (Malita, Furtuna, Lund,
Mester and Sinoe), which are located in active sedi-
mentary zones, was investigated by using two comple-
mentary methods: thick target proton-induced X-ray
emission (TTPIXE) [1] and instrumental neutron ac-
tivation analysis (INAA) or X-ray fluorescence (XRF)
[2]. The goal was to obtain a complete survey of heavy
metal pollution and reconstruct recent pollution his-
tory in these Danube Delta lakes. Vertical distribution
was analyzed, except for the case of Sinoe Lake, from
which samples were only collected at the surface. Dur-
ing PIXE measurements, the pellets of 12 mm diame-
ter and ~ 1,5 mm thickness were bombarded using 3
MeV proton beams delivered by the FN-Tandem accel-
erator of IFIN-HH. The X-ray spectra were measured
with a Ge-HP detector of 180 eV /5.9 KeV energy reso-
lution for some micro.C charge accumulation. Control
samples of reference sediments (IAEA, SL-1 and SOIL-
7) prepared in the same conditions were also mea-
sured. Corrections were made for proton stopping and
X-ray self-attenuation in the thick samples. Thirty-
eight samples from the first four lakes and 7 samples
from Sinoe Lake were analyzed, and the concentra-
tions of 27 elements in every sample were determined
by TTPIXE method. The following elements: S, Ca,
Ti, Mn, Ni, Ga, Pb, and Hg could not be determined
by INAA in our conditions. figure 1 shows a typical
measured spectrum where the presence of various pol-
lutant elements could be pointed out. Five elements -
As, Br, Cr, Sb and Zn - were identified as pollutants
by INAA method, showing concentrations about 1.5-2
times larger at the sediments surface. The vertical dis-
tribution of the presumed pollutant elements generally
reflected the pollution history of the Danube Delta,
namely a steady increase in pollution till the end of
the 1980s, which can be associated with intense indus-
trialization of Central and Eastern European countries
prior to 1990. We think the interplay with TTPIXE

method will lead to an accurate picture of the heavy
metal pollution of the Danube Delta.

Counts
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Energy (keV)

Figure 1: Typical X-ray spectrum obtained as result
of irradiation of a sediment sample from Danube Delta
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Due to the interactions occurring at the solid-solid
and solid-liquid interfaces of a tooth’s filling in the
mouth, the mineral elements of the restorative com-
posite may induce a complex response of the organ-
ism. To study such problems, sensitive surface trace
element analysis is required. Particle-induced X-ray
emission (PIXE) has a detection limit one order of
magnitude lower than XRF [1] and has been used for
hard dental tissues [2], but not yet for dental compos-
ites.

We evaluated the potential of PIXE in a study of
ten types of composites used in restorative dentistry,
some of them with two color shades each. The sam-
ples were prepared as described for XRF. The mea-
surements were performed with 3 MeV protons from a
van de Graaf tandem linear accelerator, using a hyper
pure Ge detector and collecting the spectra for 1,5-4
hours. The spectra were processed with the program
Leone. The protons’ route in the sample calculated
with the Trim program (~ 50-100 pum) exceeded the
size of mineral particles (0.02-30 um), thus granularity
did not affect the analysis.

The PIXE analysis detected Z > 19 elements in
all composites, and Z > 14 elements in only one low
Z material (Fig. 1). PIXE detected generally the
same dominant elements, but many more trace ele-
ments than XRF. Thus both Charisma (Kulzer) and
Pekafill (Bayer) contained Ba as the major element,
but trace elements were Ni, Zn, In, in the first, and
Fe, Cu, Zn, Sr, Ag in the second. In other glass- and
ceramics-based materials we found: Ca, Zr, Ba, Yb
and traces of Sr, In, and possibly Ti in Tetric Ceram
and in Ariston (both from Vivadent); Ca, Zr, Ba, Hf,
possibly Mn, and traces of Ni, Ho, Ti, Fe, Cr in Valux
Plus (3M Dental); Sr, Ba (major), K, Fe, Mn (minor),
and traces of Ni, Zn, In, in F2000 Compomer (3M
Dental); Ba (major) and traces of Fe, Ni, Sr in Sure-
fil (Dentsply). In quartz-based materials we detected:
Si, Ca, Ti, Fe and traces of K, Cl, Cr, Ni, Cu, Zn in
Evicrol (Spofa); low and trace levels of Ca, Ti, Cr,
Mn, Fe, Cu in Alphaplast (DGM) and Concise (3M
Dental). Color shades were dependent on the ratio
(Fe, Ni)/Cu/(Ti, Cr) in Evicrol; but were composition-

invariant in Tetric Ceram, Valux Plus and Surefil.
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Figure 1: PIXE spectra of three dental composites
showing major, minor and trace elements.

Some traces were impurities (as Sr accompanying
Ba and Ca); they may influence the properties of na-
noparticles in the materials.

The ability of PIXE for trace detection in dental
composites was due both to better sensitivity and to
careful analysis of spectra. However, spectral overlap
caused a degree of uncertainty on some trace elements
[1]. Caution is necessary to avoid trace contamina-
tion of samples. The method could serve also in new
materials development and in forensic expertise.
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In the elemental analysis of dental composites, XRF
and PIXE failed to detect low Z elements. The light el-
ements from these biomaterials can be detected, how-
ever, by various ion beam analysis techniques. Among
them, elastic recoil detection analysis (ERDA) is a
fairly new method for simultaneous analysis of light
and medium mass elements at the surface and for the
determination of their depth profile [1].

In view of evaluating the potential of ERDA for
the analysis of dental composites, Tetric Ceram (Vi-
vadent) was chosen because it contains many light el-
ements, i.e. H, C, N, O, F, Al, Si [2]. A flat sur-
face sample was prepared as for XRF and PIXE. The
ERDA measurements were carried out using a van de
Graaf tandem accelerator. The projectiles were 80
MeV %3Cu'®t jons. The detector was a compact A
E(gas)-E(solid) telescope. The angles of incidence and
exit were 75° relative to the sample normal.

The A E-E spectrum evidenced H, B, C, N, O, F,
Na, Al and Si (Fig. 1). The elements’ total energy
spectra were analyzed with our program SURFAN [2],
showing the relative atomic concentrations H: B : C :
N:O:F:Na: Al: Si, to be in the ratios 0.8 : 0.1
:0.8:003:14:0.18: 0.004 : 0.09 : 0.4. Levels
of the organic H and C were high, and Si dominated
the inorganic elements, followed by F, B and Al. The
ratios H/C and B/Al were equal to ~1. Levels of N
(organic) and Na (inorganic) were low. Oxygen high
level came both from the organic polymer and the in-
organic particles.

cates competition between their filling factors within a
depth equal to the mean radius of the inorganic parti-
cles, where additional interstitial space becomes avail-
able and is filled by the polymer. A mean radius of 0.35
pum specified by the producer [3] supports this view.
The more abrupt decrease of F suggest a smaller mean
size of the YbF3 crystals than of the Al,Si-containing
particles.

Cu ions from the
incident beam
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Figure 1: The E-AE spectrum of the dental composite

The ratios between elements were not uniform within analyzed by ERDA.

the depth of 1-1.5 pm penetrated by the 53Cu'®t ion
beam, evidencing depth profiles by deviations of the
experimental energy spectra with respect to the theo-
retical calculations for homogenous distributions. Thus
H, C, N were increased for a depth of ~0.25-0.35 um,
Al and Si decreased for ~0.35-0.40 pym, and F de-
creased for ~0.2 pym.

This showed the local concentrations near surface
to be higher for the organic polymer and lower for
the inorganic phase, and the latter to show a faster
decrease for F than for Al and Si. The near surface
opposite trends of the organic/inorganic phases indi-
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The metal-dielectric (MD) structures with high se-
condary electron emission properties were developed
in Bucharest [1]. First promising tests of these struc-
tures in an ECRIS were performed at IKF, Frankfurt,
Germany [2]. The purpose of the present experiment
made in November 2000 on the 14 GHz ECR ion source
at KVI, Groningen, The Netherlands was: (1) to ob-
serve the effect of the MD structure on the intensity
of high argon charge states, (2) to compare its effect
on the ECRIS output beam charge state distribution
(CSD) with the well known effect of gas mixing.

The source fed with pure argon, but without liner,
was optimized on the Ar'2* peak. A stable source ope-
ration was obtained at 320 Watt RF power. Contami-
nants like oxygen, nitrogen and carbon were extremely
small, so that the effect of gas mixing was really ne-
gligible. Then, natural oxygen was fed as mixing gas
into the source, again optimizing on the 124 peak and
using 730 W RF power. The improvements were: sta-
bility at higher RF power, a shift of the CSD maximum
from 9+ to 11+ and for Ar'®* an increase from 0.002
t0 0.180 epA.

A cylindrical MD structure (Al-AlyO3) was installed
as a liner in the source plasma chamber. After one
day of outgassing, the CSD-E presented in Fig. 1 was
obtained at 320 W of RF power and optimizing on
Ar'2* . The intensities of beam charge states 12+ ...
14+ were equal with those obtained in the case of gas
mixing while the Ar'®t intensity had almost doubled
t0 0.32 epA. Carefull source optimization gave even a
spectrum with 0.38 epA of Ar!®t and 0.015 euA of
Ar'"* | while the Ar'?>t peak was lower.

Some low intensity oxygen peaks were clearly pre-
sent in the spectra, implying that an effect of gas mix-
ing could exist. After a few days of outgassing, the
oxygen peaks had not reduced, so that we made the
assumption that some oxygen is escaping from the MD
structure. The effect of mixing small amounts of oxy-
gen into an argon plasma (without liner) was studied
in two situations: (i) the amount of oxygen was slightly
lower than in E; the result is shown in the CSD-L in
Fig. 1. (ii) the amount of oxygen was slightly higher,
see CSD-M. In both cases the RF power was 320 Watt

and the argon gas feed was adjusted to have the same
Ar'>t current as in spectrum E. In both situations
the argon beam intensities of charge states higher than
12+ were smaller than those obtined in the presence
of the MD liner.

The conclusion is that the cylindrical MD structure
leads to a significant increase of the high charge state
current output of ECRIS. The increase is not due to
the introduction of a small amount of oxygen in the
plasma but to other physical phenomena. The ECR
ion source was remarkably stable in the presence of the
MD structure.
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Figure 1: Argon and Oxygen beam CSD’s.
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By extensive Monte Carlo calculations, using the
air shower simulation code CORSIKA [1], EAS muon
arrival time distributions and EAS time profiles up to
320 m distances from the shower centre have been gen-
erated, for proton, oxygen and iron induced showers
using different hadronic interaction models as Monte
Carlo generators. The model dependence and mass
discriminating features have been scrutinised for three
energies ranges, (1.-1.78) 10'5 eV, (1.-1.78) 10'¢ eV
and (1.78-3.16) 10'6 eV. The present studies [2] have
been focussed to the exploration of the information
carried by EAS time observables and their correlations
in view of features discriminating the mass of the cos-
mic primary and different hadronic interaction models.
Advanced non-parametrical statistical methods based
on Bayesian decision rules have been applied to scru-
tinise the EAS observables [3] and to specify quan-
titatively the results. A first inspection allows some
tentative conclusions:

1. The correlations of the local muon arrival time
variables with the local muon density improves
the true classification rate and discrimination fea-
tures. It turns out that the correlation can be
replaced by a single parameter: Ar,/p,. The
classification gets improved by the correlating
the muon arrival times with the shower age, the
shower size N, and N/, see Fig.1.

2. Correlating the observation of A7, /p,, for two ra-
dial distances, the mass discrimination of the pri-
maries get only slightly improved, different from
our previous result [4] analysing the (global) ar-
rival times of the foremost muon correlated at
two different radial distances.

3. Comparing the classification rates for different
muon arrival time quantities: the first quartile,
the median and the third quartile, by both con-
sidered models QGSJET and VENUS similar re-
sults have been obtained.The analysis of the me-
dian A7 50 and of the slow component of the
arrival time distribution, represented by Arg. 75,
improves the true-classification rate of the oxy-
gen component.

From the present results an enhancement of the
discriminative features may be expected at larger dis-
tances from the shower core ( >150 m) and to higher
primary energies (>10'6 V). This finding is of actual
interest in view of the KASCADE collaboration to ex-
tend the detector array to a larger area, KASCADE
GRANDE.
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Figure 1: The classification and misclassification prob-
abilities correlating the observation of muon arrival
times with Ng, fo and the shower age.
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The compact WILLI device, built in IFIN-HH Bu-
charest (44026°N latitude and 26004’E longitude) at a
vertical cut-off rigidity of 5.6 GV, has been used for
measurements of the charge ratio in the vertical at-
mospheric flux at momenta bellow 1 GeV/c [1]. In
this low energy range the studies of muon charge ra-
tio provide information useful for the discussion of the
so-called atmospheric neutrino anomaly and for stud-
ies of atmospheric neutrino and antineutrino fluxes [2].
The experimental method is based on the observation
of the reduced effective lifetime of the negative muons,
stopped in matter, as compared to the lifetime of pos-
itive muons. Avoiding the difficulties and the system-
atic errors of magnetic spectrometers, results are ob-
tained with high accuracy [3], indicating a decrease of
the muon charge ratio from 1.30 (at 0.87 GeV/c) to
1.15 (at 0.24 GeV/c).

Super-Kamiokande [4] and other experiments find
that the ratio of muonic to electronic neutrinos is much
smaller than the theoretical production, the effect de-
pending on the incidence angle of the neutrinos. The
interpretation of such so-called "neutrino anomaly” in
terms of neutrino oscillations is based on theoretical
predictions of the fluxes of the neutrinos of different
flavour, based on different hadronic interaction mod-
els. A possibility to verify such models is to compare
the theoretical predictions for muon flux, which plays
a key role in neutrinos chain, with the experimental
data [2]. Thus, the ratio of the flux of positive to neg-
ative muons could provide a sensitive test for models
regarding muon and neutrino production.

The WILLI detector is a suitable instrument for
further investigation of the modulation of muon charge
ratio and the neutrino fluxes by the geomagnetic cut-
off. The details about the geomagnetic influence have
not been explored using the observation of muons with

different angles of incidence in zenithal and azimuthal
plane. The WILLI detector is now modified in a ro-
tatable set-up, see Fig.1, which will allow precise mea-
surements of the East-West effect, caused by the aniso-
tropy of the primary proton flux and the local mag-
netic field, deflecting the trajectory of charged parti-
cles in the atmosphere. With such perspective a sys-
tematic "muon charge ratio spectroscopy” may pro-
vide interesting geophysical observation.

Figure 1: The WILLI detector transformes in a rotat-
able device
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A new experiment on 2C(«,v)!%0 reaction for astrophysics
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The "2C(a, v)'0 reaction is one of the key reac-
tions in stellar evolution, as its reaction rate deter-
mines the abundance ratio of 2C and 60 after the
helium burning, and therefore the abundances of hea-
vier elements up to Fe. Due to the extremely low cross
section ( estimated to 0.01 fb at the Gamow window
for central He combustion) the direct measurements at
astrophysically relevant energies are impossible and an
extrapolation from higher energies is necessary. This
extrapolation is particularly complicated due to the
superposition of E1 and E2 captures and to the pre-
sence of two levels 1= and 2% just below the 2C+a
threshold that interfere with a higher energy 1~ reso-
nance and with the direct capture contribution. One
of the best methods to separate the E1 and E2 contri-
butions is to measure the v-ray angular distributions
in a wide energy range. In the present experiment the
~-ray angular distributions have been measured in the
range F.,,=1.39 - 2.80 MeV of the excitation func-
tion by using a 47 setup with nine EUROGAM HPGe
detectors, each equipped with an active BGO shiel-
ding, in a close geometry, as described in [1]. The
IfS DYNAMITRON accelerator was used to provide
a high intensity alpha beam. The detector efficien-
cies have been measured using standard calibrated -~y
sources and the 27Al(p,~) resonance at E,=992 keV.
The isotopically '2C enriched targets used in this ex-
periment have been obtained by different implantation
techniques with various thickness and depth profile

of the carbon layer. The '3C content of each target
has been determined using the well known 2C(p,~)
resonance at FE,=1748 keV. The '?C profile and the
homogeneity of the targets have been analysed by u-
sing RBS technics with a 1.2 MeV incident o beam at
the ARAMIS Orsay accelerator. In the energy range
E.,=1.39 - 2.80 MeV 28 angular distributions have
been taken - each with eight or nine points at once - u-
sing target currents between 100 and 340 pA. Particu-
larly the region around the 27 resonance at E.,,,=2.69
MeV has been covered with smaller energy steps in
order to analyse the interference effects with the sub-
threshold 2T resonance. The angular distributions
have been fitted in order to extract the cross sections
op1 and oo, as well as the relative phase ¢, that will
be used in the R-matrix fits and extrapolation to lower
energies.
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Vibrational modes in ZrHy; were studied by neu-
tron spectroscopy at room temperature (where a-Zr
and y-hydride were present) and around 528K, the
FCO #-phase to FCC §-phase conversion temperature
given by the literature. The inelastic neutron scatter-
ing measurments were performed by using the NEAT
spectrometer set-up at BER II reactor of BENSC [1].
The analysis of optical modes in terms of H vibrations
specific to different crystallographic phases shown by
Zr-H system aggrees with recent neutron diffraction
[2] and specific heat [3] measurements and indicates
in fact a lower temperature for this phase transition.

Using different experimental resolutions (0.175,
0.057 and 0.011 meV) the inelastic scattering was well-
separated by the quasielastic one. Additional low-
frequency modes (Fig.1) were revealed around 5 meV
by spectra measured at all temperatures. Due to the
complex structure of the sample the exactly nature of
these modes is difficult to be stated. However, two pos-
sible explanation could be taken into account, with the
mention that for a better understanding of the mech-
anism leading to such a low-lying frequencies further
studies are still necessary:

a) A similar phenomenon like the Kohn anomaly shown
by some of metal lattices. The Kohn anomaly occurs
for a lattice phonon ¢ vector that coincides with the
k vector for electrons at the Fermi Surface and clearly
evidences a strong electron-phonon interaction; adding
hydrogen to the lattice it will change the Fermi Sur-
face diameter by adding electrons. The low energy
peak revealed by experimental spectra around 5 meV
is not present in the case of pure Zr [4, 5] so, it can
be assumed that it is due to the presence of H.

b) Strong overdamped phonons characteristic of reso-
nant vibrations. The introduction of an interstitial
atom into an ideal lattice disturbs the ideal coupling
in the neighbourhood of the defect. The nearest neigh-
bouring host atoms will be coupled to each other by
a logitudinal spring only, whereas the interstitial will
be coupled to every surrounding host atom by both a
longitudinal and a transversal spring. From the simple

definition of a resonant mode frequency

2 _ Feff (1)

res Meff

where F.ry and M.y, are the effective mass and effec-
tive force constant, respectively, of the cluster oscilla-
tor (interstitial plus surrounding nearest neighbours),
it is apparent that apart from a heavy defect mass, also
a weakening of the effective force constant can lead to
resonant modes.

The analysis of exeprimental results in terms of me-
chanisms above presented is in progress.
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Figure 1: The dynamic structure factor of ZrHg; in
the range of acoustic vibrations
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Microscopic mechanisms in the liguid-glass transition of glycerol
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In this report we present the temperature depen-
dence investigation of the dynamic function S(Q, hv)
of glycerol in its liquid and glassy states. Neutron sca-
ttering experiment has been carried out at the time of
flight spectrometer NEAT, using cold neutrons ofA=5.1
A, corresponding to an energy of 3.145 meV and a re-
solution of 98 peV (FWHM of the elastic line of the
vanadium sample). The inelastic neutron scattering
spectra (INS), were measured at 6 temperatures be-
tween 50-400 K in the kinematic space with the wave
vector transfer Q range Q=0.33-2.31 A~! and a energy
transfer hv = 0 — 21.74meV (Fig.1).
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2r Kinematic space [Q,hv]
Time-of-flight spectrometer NEAT-BENSC
E,=3.1447 meV
0,,,=15.41 deg
T By=134.59 deg
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20
hv[meV]

Fig. 1. Kinematic region covered in the experiment
Figure 1: Kinematic regoin covered in the experiment

The topic presented here concerns the temperature
dependence of the low energy features in glycerol under
various states: liquid, supercooled and glassy. For a
correct interpretation of the results regarding the e-
xistence of the peaks at finite energies, a time of flight
data have to be put on a hv=constant and QQ=constant
scale. Following this procedure, the dynamic function
5(Q, hv) for a constant Q=2.20 A~! as a function of
energy is presented in Fig.2 at 3 temperatures.
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Figure 2: Dynamic scattering function for glycerol at
constant Q=2.24""!

The main conclusions derived from these prelimi-
nary results can be summarised as follows:

1. A well-resolved pick located at the low but finite
energy as hv=2.4-4.0 meV is observed for all in-
vestigated temperatures in the Q range between
Q=1.6-2.28 A71;

2. A such as feature has been also observed in other
condensed matter systems investigation earlier
by us, such as liquid Ga [1], Zr-H [2], superioncs
[3];

3. The position of this feature is continuously de-
creasing as a function of temperature from about
4 meV at 50K to 2.4 meV at 400K.
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The vibrational frequencies of D in § and ¢ Zr deu-
terides have been measured by inelastic neutron scat-
tering. ;From the experimental data analyzed in terms
of the generalized vibrational density of states new in-
formation on the H(D) potential in Zr have been ob-
tained. Performing an accurate analysis of the high
energy range of scattering spectra the distribution of
D atoms on the available interstitial sites in FCC and
FCT Zr lattices has been studied. Recent results ob-
tained by INS [1, 2] revealed that H behaviour in Zr-H
system is still far from a complete knowledge. In this
paper we continue a study started few years ago re-
porting new results obtained by INS investigation of
the vibrational properties of D in two Zr lattices (FCC
and FCT) at room temperature. The samples contain
one-phase § and ¢ deuterides of Zr. These results are
related to the investigation of the energy range higher
than that characteristic to the host lattice vibrations.
An accurate analysis of the latter at the transition
from pure a -Zr to the hydride(deuteride) phases has
been reported in a previous paper [3]. Inelastic neu-
tron scattering measurements of the vibrational fre-

quencies of D in ¢ and £ Zr deuterides clearly reveal
the anharmonicity of H(D) potential in FCC and FCT
Zr lattices, thus improving our understanding of the
H(D) dynamics in a metal-hydrogen system with a rich
phase diagram as the Zr-H system is. Additional in-
formation on the D distribution in Zr lattices has been
obtained. For a clear explanation of some of them fur-
ther investigations are still necessary.
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Tests for improving the resolution, by coupling di-
rectly the preamplifier to the anode of the (AE,E)
ionization chamber used in the ERDA measurements,
were performed. The achieved preamplifier consists
of integrated circuits with very few external compo-
nents. In Fig.1 the preamplifier scheme is presented.
The essential part of this scheme is the CSAM inte-
grated circuit. It has large amplification (5000) and
very low noice.It proved to be very stable.It could be
operated in high vacuum without presenting a notable
heating. The (AE,E) ionization chamber was of the
type used for the first time in ERDA measurements
[1]. The entrance window of the chamber was made
of mylar, 2 pm thickness. It was operated by using
a mixture of 90% Argon + 10% Methan at pressures
between 100 and 200 mbarr. The measurements in
the new arrangement in which the preamplifier was di-
rectly coupled to the anode of the chamber were done
with an 233U « source and with a heavy ion beam.
The measurements with the a source have shown that
the resolution of the ionization chamber was improved
by 25 % comparing with the best results obtained by
using an external preamplifier. This was confirmed by
the identification map shown in Fig.2, obtained with
63Cu beam on a glass probe.
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Neutron pair pre-emission in the fusion of 'Li halo nuclei with light
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The pre-emission of neutron pairs in the fusion of
1Li halo nuclei with Si targets was first mentioned in
ref. [1, 2]. However the statistics of n-n coincidences
was rather low due to the fact that the detection sys-
tem was not optimal for such measurements. Here,
we report results of a recent experiment performed us-
ing of a new array detector, revealing a notable n-
n coincidence effect. After subtraction of the cross-
talk background, a number of about 300 n-n coinci-
dences remainded within the range of the narrow neu-
tron group. The measurement with the array detector
allowed a new determination with increased resolution
of the transverse momentum distribution for the neu-
trons within the narrow group. The best fit of the
experimental data was obtained by including a back-
ground term in the Gauss function. In this case the
transverse momentum p | expressed by o of the distri-
bution is p; = 6+ 1.2 MeV/c. About 2 times larger
value of o was obtained by forcing the fit without a
background term. The n-n coincidence data processed
by considering a background on which the narrow neu-
tron group is superposed allowed to obtain P,,, the
percentage for the neutron pair pre-emission, with the
value Pp,=(72 £ 10)%. Without subtraction of this
background P, turns out to be P,,=(22 + 3)%.
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From the coincidence results, also the differential

d%0p,n (61,02)/dQ1dQs cross-section, for 2 neutron pre-
emission was obtained. It was found that the

d20,, (01,62) /A0 dQ, values are close to the slope char-
acterizing the neutron transverse momentum distribu-
tion (Figl). In contrast to the n-n coincidence data,
the cross-talk data processed in same manner for get-
ting the cross-sections, are totally in disagreement with
the slope of the neutron transverse momentum distri-
bution (Fig2) (see ref. [3]). It was also observed a
change in the slope of n-n coincidence data, by inter-
changing det#1 with det#2,4,6,8 and #3,5,7,9. This
may be an indication for n-n correlation. It is esti-
mated that a 2-3 times larger n-n coincidence effect
may be expected in the case of ' Li +C detector-target
fusion interaction. The present approach may be of
interest also for the borromean SHe nucleus investiga-
tion.
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A fundamental aspect in agriculture and in plant
growing is the relationship between plant nutrient con-
centration and growth conditions: light, temperature,
water supply and fertilisers supply. The different fer-
tilisers are different chemical compounds and they act
in different ways in nutrient concentration of plants. A
plant cultivated as a vegetable in tropical areas, which

have curative purposes - gastric dressing, in hepatic
tumour and ganglion tumour treatment is the Basella
Alba L. plant. Six leaves groups of this plant grovn
in different conditions at the Variety Testing Center
(VTC) in Targoviste (Table 1) were analysed by using
PIXE and ICP methods. We identified and detrem-
ined the concentration of P, S, Cl, K, Ca, Mg, Fe, Cu,
Zn and Sr. Using a

|| Sample |

Growth conditions |

B1 (VTC) - July

Soil without fertiliser

B2 (VIC) -July

Natural fertiliser(a)

B3 (VIC) - July

NKP fertiliser(b)

B4 (VTC) -August

Soil without fertiliser

B5 (VTC) - August

Natural fertiliser

B6 (VTC) - August

NKP fertiliser

Cle)

Green house soil without fertiliser

Table 1: (a) Sheep excrements, (b) Nitrogen- phosphorus-potassium fertiliser in 14/11/26 ratio, (c) Control

group

A natural fertilisier the Mg concentration increased
in the plants and also the Cl concentration became
higher. Uding the NKP fertilisier the P and K concen-
trations increased but the Mg and Fe concentrations
decreased in plant. The other elements did not show

much change. Using NPK fertiliser we have obseved an
increase of the Sr concentration. This increase cannot
be due to the chemical components of NKP fertiliser,
but it might be possible that the NKP fertilisier rises
the affinity of Basella Alba L. plant for environmental
Sr.
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pulsed laser deposition

D. Pantelica®, F. Negoita?, A. Tudorica®, M. Petrascu?, Eniko Gyorgy 2, Carmen Ristoscu?,
L.N. Mihailescu?, Argyro Klini4, N. Vainos*, C. Fotakis*

TFIN-HH
2 Institute for Laser, Plasma and Radiation Physics, Bucharest-Magurele
3SUNY at Stony Brook, Chemistry Dept., NY-11774, USA
4 Foundation for Research and Technology -Hellas, Institute of Electronis Structure and Laser, P.O. Box 1527,
Heraklion 711 10, Crete, Greece

The growth of metal-nitride thin films is of interest
because of their important applications: AIN films are
promising materials for microelectronics and optoelec-
tronics devices.

Several methodes have been used to grow and de-
posit AIN thin films. In the present work the AIN
thin films were deposited on Si wafers using reactive
pulsed laser deposition from Al targets in nitrogen and
from AIN target in vacuum and low presure nitrogen.
Two UV excimer laser sources were used: a ns system
and, for the first time, a sub ps system. ERD analysis
with ions has been systematically applied to determine
the influence on the composition of the main deposi-
tion parameters: laser pulse duration, fluence and gas
presure. The ERDA measurements were caried out at
8.5 MV Tandem accelerator of IFIN-HH using a %3Cu
beam at 80 MeV. The detector consisted in a compact
A E(gas)—E(solid) telescope [1], placed at 30° with re-
spect to the beam. For the calibration of the telescope,
the response of the passivated, ion implanted Si detec-
tor to different ions between H and Cu was measured.
The quantitative analysis of ERDA spectre has been
performed using our computer code SURFAN [2]. A
typical A E—E, spectrum in shown in Figure 1. Be-
sides N and Al in the film are also present: H, C and
O. The energy spectra for all these components are
shown in Figure 1 and compared with the simulated
spectra.

Our analysis showed that the samples deposited
using Al target consisted of AL only, with samll traces
of AIN. The samples prepared using AIN target are
stoichiometric. However, films deposited using the ns
laser source contain a detectable amount of Al.
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Figure 1: A typical AE—E spectrum and the energy
spectra for H, C, N, O, Al and Si (histogram) together
with the corresponding simulated spectra.
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The role of oxygen in GaAs is the subject of many
studies in part due to the possibility that dopping
process with oxygen caused GaAs to become semi-
insulating [1].

Optical quality, oxygen doped GaAs grown by lig-
uid encapsulation Czochralski method till about 2 in-
ches diameter was produced to be used as a substrate
for infrared CO lasers at 10.6 ym devoted to indus-
trial applications. In this contribution we report rezult
obtained using ERDA technique for characterization of
GaAs:0 single cristal samples.

The GaAs single cristals were grown in the Na-
tional Institute for Material Physics by two different
procedures, namely horizontal Bridgman and liquid
encapsulation Czochralski.

The GaAs sysntheis by liquid encapsulation Czo-
chralski was performed in a single working cycle us-
ing a Malvern MSR-6 pulling machine. High purity
(minimum 99.9999%) gallium and arsenic were used
as raw materials. The two components were encapsu-
lated in conventional quart crucicles of 75 mm diame-
ter with different amounts of GasO3 (99.999%). The
Ga203/GaAs mass ratio was varied between 0.001 and
0.002. The presence of amounts of GasO3 during the
crystal growth leads to an oxygen doped GaAs with
higher semi-insulating properties.

The ERDA measurements were carried out at the
8.5 MV Tandem accelerator of IFIN-HH using 53 Cu'0+
beam at 80 MeV. The detector consisted in a compact
A E(gas)—E(solid) telescope [2], placed at 30° with
respect to the beam. The total energy spectra were
analysed using our code SURFAN [3]. A AE-E,.
spectrum of GaAs:O sample is presented in Figure 1.
Besides C and O, the %3Cu scattered by Ga and As
(as well as Ga and As recoils) can be seen. The C rep-
resents a contamination. A hydrogen contamination
is also present in the sample, but not in the bidimen-
sional spectrum in figure 1, because the energy loss
of hydrogen recoils in gas is less than the threshold
of the analog-to-digital convertor. For hydrogen, only

E,cs the signal is detected.

The dopping oxygen has a rather uniform depth
distribution with a mean Gaj;As;0g.02Co.1Hg.1 stoi-
chiometry. The results of ERDA measurements are in
good agreement with the results of Hall measurements,
indicating a high value of the resistivity as a conse-
quence of the semi-insulating character of the mate-
rial.
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Figure 1: AE—E spectrum of a doped GaAs sample.
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Air alpha monitoring device and system for the calibration of the
track detectors
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The radon measurement plays a critical role:

e in the monitoring human health and safety, due
to radon destructive health effects. Sustained
exposures of humans to high concentration of
radon, in fact to high concentrations of its de-
cay products, can produce lung cancer;

e in a variety of geophysical, geochemical, hydro-
logical and atmosphere purposes, such as explo-
ring resources of uranium or hydrocarbons. The
transport of radon within the earth, waters and
atmosphere makes it a useful tracer in these pur-
poses.

In both cases, the reliable long-term measuremets
are required because usual short-term variations in
concentration need to be averaged. These variations
are caused by factors such as relative humidity, tem-
perature , atmospheric pressure and their seasonal vari-
ations, moisture content in the air, or ventilation in
the dwelling or working places. The integrating mea-
surement methods meet these requirements. Among
them, the alpha track method is one of the adequate
and useful method and it is used by authors in radon
measurements in dwelling and working places inclu-
ding mines and house cellars.

CR-39 detector, that proved to be the best etched
track alpha detector for radon measurements due to:
its sensitivity to alpha particles emitted by radon/its
decay products, its stability against various environ-
mental factors and its high degree of optical clarity,
was used in a proper device for alpha monitoring in
air [1]. Its calibration for rodon measurements was
performed in the proper calibration system [2]. The
general descriptions and specifications are given in de-
tail at references. Only some characteristics of these
devices are given here.

For air alpha monitoring device: 1) equipped with
filter, during alpha exposure, the alpha particles of
radon are registered in the etched track detector moun-
ted inside (pgy - track density); ii) without filter, the
alpha particles emitted by radon + its alpha decay pro-
ducts/their aerosols are registered in the detector (pior
- track density). After the etching of the detectors and
study of the tracks, using these two track densities, it
is possible to determine :

e the activity concentrations of the radon in air;

e the equilibrium factor for radon and its decay
products in air, using the ratio pit/prn and the

Planinic and Faj equation, for the case when the
values of the ratio are 1 < pior/prn < 3, where
Ptot 18 the track density in the detector mounted
in the device without the filter and ppg,, is the
track density in the detector mounted in the de-
vice with filter.

The system for the calibration of the track detectors
and charcoal detectors used in radon measurements as-
sures:

e a constant volume concentration of radon activ-
ity, by a continuous generation of the radon, at
constant rate. The radon is generated by a cali-
brated 226Ra source of (236 + 19) kBq activity,
which is in radioactive equilibrium with all its
decay products;

e the radioprotection against the alpha particles of
radon and its decay products, the system being
an airtight one. For gamma and beta radiations,
the radioprotection is assured by the 5 cm Pb
shielding of the source flat bottom flagk;

e for radon measurements, for the specified etching
conditions, the calibration constant is expressed
in [tracks cm™2/kBq m~3 h].

Both the air alpha monitoring device and the sys-
tem for track detector calibration will be used by au-
thors for the radon monitoring in dwelling and work-
ing places. For this, we try at present to meet all the
requirements for Testing and Approval of Processing
Laboratories in conformity with International Radon
Metrology Programme.
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Ge(HP) detectors repair
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During in-beam spectroscopy experiments the
Ge(HP) detectors are usually exposed to neutron flux.
The interaction between neutrons and the germanium
crystal leads to the damage of the crystal structure.

The 7-rays interaction with the semiconductor cre-
ates a number of electron-hole pairs proportional to
the absorbed energy of the incident photon. Electrons

and holes are swept to opposite contacts by the electric
fields in the depletion region of the detector element.
If the crystal structure is damaged, the electrons and
the holes will interact with the flaws and the electric
charge will not be entirely colected. As a result, the
photopeaks in the spectrum will get tails on the left
side and the energy resolution will worsen.

Ge crystal

Heating point — &

Wacm

Cn

Figure 1: The cryostat of a detector

A neutron-damaged detector can be repaired. It is
necessary to repair the crystal structure, i.e. to sup-
ply a cantity of energy so that the flaws vanish. If one
heats enough the crystal the atoms will get back to
their normal position. The procedure requires to keep
the crystal a certain time at ~105°C, in vacuum con-
ditions. For the available Ge(HP) detectors this can

be done without dismounting the crystal by heating
up only the end of the Cu bar (see the figure).

We built a setup that makes possible this proce-
dure. Basically, it contains a vacuum turbomolecular
pump and a furnace. The temperature of the crystal
is carefully monitorized during the heating.

Using this procedure we periodically recover our
Ge(HP) detectors.
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Preamplifier /shaper for ALICE TRD
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The preamplifier/shaper is the first block of the
front end electronics,receiving the signals from the de-
tector pads of the Transition Radiation Detector (TRD).

The main requirements of the preamplifier /shaper
for the TRD ALICE front end electronics and readout
are given in Table 1.

Parameter Value
Number of channels 1200000
Number of samplings/event 30
Sampling rate 15 — 20 MHz
ADC with 8-10 bits
Max. power consumption/ch.  60-80 mW

Table 1: Preamplifier/shaper requirements

From the Table 1 results that the preamp/shaper
must be very fast, with a low power consumption, and
the big amount of channels impose a very good repro-
ductibility of specifications at a low price.

The first two models of preamplifier/shaper were
built in NIPNE - Bucharest, and the third at GSI-
Darmstadt with discrete components in an 8 channel
structure. All were tested also in a beam with the
detector prototype.

The first one had as main component the current
feedback type MAX 4182 operational amplifier.

The preamp/shaper contain the following blocks:

e Input protection - I/U converter - R-C shaper;
e Voltage amplifier - RC shaper;

e Qutput voltage amplifier;

e DC baseline restorer.

With this model it was processed eight detector pads
signals. Having input impedance changing capabil-
ity it was also usefull in finding the optimum input
impedance for a good signal/noise ratio and crosstalk
determination. The main specifications for 1600 Ohms
input impedance:

e Gain 0.7 mV/{C;
e ENC (equivalent noise charge) about 11000 e;
e Crosstalk between adjacent channels 10%.

The second preamplifier /shaper was built also around
MAX 4182 operational amplifier, but in a current type
configuration. Having a low input impedance, about
160 ohms, it exhibited a low crosstalk for adjacent
channels (only 2%). Other specifications: gain 1.3
mV/fC, noise about 7000 e.

The third preamplifier/shaper was a charge-sensi-
tive type. With a gain of 2 mV/fC, CR-RC shaping
time and a noise of only 1500 e, it was possible to
estimate the rejection ratio between TRs and pions.
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For the ALICE Transition Radiation Detector
(TRD) a first version of an analog chip was imple-
mented and tested. It consist of a number of analog
channels, and is the first block of the front end elec-
tronics receiving the signals from the detector pads.
The current signals of the detector pads are first am-
plified by a charge-sensitive preamplifier. It is followed
by a pole-zero cancellation circuit and a second or-
der shaper-filter assuring a shaped output pulse with
about 125ns FWHM.The last functional element of the
analog channel chain is the output amplifier. It deliv-
ers an output signal accordingly to the ADC require-
ments concerning driving capability and output levels.

The overall gain of the analog channel is 5.2 mV /{C
and the shaping type is CR-(RC)2. The output ampli-
fier acts an external 8-bit 2V range fast ADC (National
type NS 08351).

From the point of view of the implementation,in
the first version of the TRD analog chip were 21-analog
channels, basicaly the same. The only difference refers
to the value of input pad resistance. There are 8
channels with 0 Ohms, 8 channels with 50 Ohms, 2
channels with 200 Ohms and 2 channels 500 Ohms, to
estimate the influence of the pad input resistance to
overall noise. One additional channel with 50 Ohms
input resistance (probe channel) allows monitoring of
the signal in each main parts of the analog channel,
not only to the output.

The first results obtained from the measurements
of the analog channels of the chip are very similar with
those from simulation. The mains results are given in
Table 1.

The signals in the probe channel, corresponding
to preamplifier, pole- zero circuit, shaper and output
amplifier are shown in Fig. 1.

Parameter Value
Gain 5.2 mV/fC
Shaping time (FWHM) ~125 ns
Shaping Type CR-(RC)?
Equivalent input noise 1700 e
Input dynamic range 330 fC
Output pulse level 02-2V
Integral nonlinearity 0.8%
Max. power consumption/ch. 7.5 mW

Table 1: Main results of the first version of the analog
chip for ALICE TRD

The first version of the analog chip for ALICE
TRD was built and tested. The results are in concor-
dance with initial requirements. Now the chips of this
first versions are used in the multichip module card
(MMC), containing ADCs and a digital chip, which is
the whole configuration of the front end electronics.

Very soon will be submitted the 2"¢ version of the
analog chip. For this the shaping type is CR-(RC)*,
the estimated equivalent of 700 e, the input dinamic
range of 165 fC, the gain of about 6.1mV /{C, and the
output of differential type.

Figure 1: The main signals in the probe analog channel
of the chip
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Array detector for neutron pre-emission investigations
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The array detector built within the cooperation
agreement between the Institute of Physics and Nu-

clear Engineering-Romania and RIKEN-Japan is shown

in Picture 1. The design and expected characteristics
of this detector are presented in ref. [1]. This detec-
tor was recently used in an experiment performed at
the RIKEN-RIPS facility for investigation of neutron
pair pre-emission, in the fusion of ''Li halo nuclei with
Si targets ( see the abstract in the present progress re-
port and also ref. [2].In Fig.2 it is illustrated a single
neutron spectrum measured in Si(*'Li, fusion), by us-
ing the detectors #1 - #9 of the array. The vertical
lines #2 and #3 in Fig.2 mark the energy range (12.2
~ 14.2) MeV of the selected ''Li incoming beam. The
vertical line #1 marks the limit due to the energy loss
of the 12.2 MeV incoming beam into the 0.5 mm thick
Si target-detector. It follows from Fig.2 that the main
contribution to the spectrum within the (9-14) MeV
neutron energy range is due to the pre-emission effect.
It is to be underlined that the incoming beam is al-
most uniformly distributed within the (12.2 ~ 14.2)
MeV energy range.
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Figure 1: A view of the neutron array detector
built within the cooperation agreement between the
NIPNE, Romania and RIKEN, Japan. It consists
of 81 detectors made of 4x4x12 cm® BC-400 cristals,
mounted on XP2972 phototubes.
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Conducted and radiated noise in detection devices
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Conducted and radiated noise is an external noise
which affects the quality of the signals of the detec-
tors. An external noise can be reduced, usually, by
shielding. This was the situation with ”older fashion”
devices which uses boxes and coaxial cables. As the
devices becomes more complex, the shielding of the
detectors is more and more difficult and the transmis-
sion lines evolves from coaxial cables to twisted pair
cables which are no more shielded. In such situation, it
becomes important the conducted and radiated noise
(C&R noise).

Due to complexity of a real detector, the main work
is based on experiments with components and by simu-
lation of some specific problems, associated with CDC
detector.

The first experiment was done to understand how
the C&R noise is propagated. The emission device
was a set of coils (between 3 and 5 turns with diam-
eter from 10 to 50 mm) feed by an 745140 driver. A
pulse of about 8 ns width was generated. A coil of
reception about the same physical characteristics was
used to see the emitted pulse. When the two coils
are separated by about 80 cm, the receiver generated
about no signal. But, if along the two coils, a conduc-
tive material is put (a wire for instance), the receiver
sense a signal. This signal is not changed too much if
the wire is or not connected to ground. The explana-
tion is simple: the pulse in the emitting coil produces
a EM pulse which spreads in space. If a conductive
material is around, the EM energy is received by that
conductor and is propagated at tens of meters with
small attenuation. When this energy reach the end
of the conductor, it radiated in space. If some oth-
ers conductors are around, the energy is received and
propagated by that conductors.

This experiment was done for about 20 kinds of
conductors (different coax cables, twisted-pair ribbons,
power cables, metallic bars) and with many coils (dif-
ferent diameters and numbers of turns). It was mea-
sured the pk-to-pk level, decay constant and frequen-
cies of oscillations (eigen frequencies). Because a
Fourier analyzer was not available, the eigen-frequencies
were just evaluated by the scope.

The conclusions are:

1. For a 8 ns width pulse, the oscillation is damping
in time with a constant between about 100 ns for

cooper bars and double-shielded coaxes and up
to around 600 ns for twisted-pair ribbons;

2. The frequency of these oscillations depends on
the conductor under test and so they are eigen-
frequencies of that conductor. For a RG 59BU
cable (F&QG) the dominant EF was 20 MHZ as
for the same RG59U (Amphenol) the EF was 69
MHZ. This is so because the technology to make
the shielding is different. For a cooper bar for
instance EF was measures as 46 MHz for 3.7 mm
diameter and 26 MHz for 2.35 mm diameter.

To understand if these EM pulses which propagates
everywhere are important or not we have to remind
that these pulses are propagating on the surface of the
conductors. For a shielded coax, they cannot go inside
to change the signal. The situation in totally different
when such pulse reach a twisted-pair cable. The signal
is superimposed on the useful signal and is propagated
as a "normal” signal. For this situation, the receiver of
a twisted pair cable is differential so that the common
mode signal could be rejected by a propper designed
receiver. This is so only at the receiver side. If such
noise propagates toward the source of signal (the out-
put of the preamplifier for instance), when this EM
energy go inside the transmitter, the electronic device
reacts at this EM pulses. Its reaction can be a signal
which goes back to line and this is impossible to be re-
jected by receiver because is like a normal differential
signal. For a user it looks like being generated by the
detector.

In an experiment, a real preamplifier, a real rib-
bon (about 5 meter long) and a real receiver were con-
nected on a table. A 8 ns pulse was inserted somewhere
on that 5 meter twisted-pair cable and the signal on
the receiver was monitored. The input of the preampli-
fier was connected to ground. Due to simulated noise,
on the line receiver it was measured a signal. When
the power of the preamplifier was cut-off, the noise
reduced by a factor of 8.

The problems to be solved are in connection with
the eigen-frequencies of different cables and other kinds
of F&G-noise transporters (gas, water or beam pipes).
Also, the effect of the C&R noise which propagates in-
side the electronic devices on output-side of them, is
important to be understood.
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In ref. [1] it has been shown that the energy-
averaged cross section for deep inelastic heavy ion col-
lision can be described by a coherent superposition of
partial-wave amplitudes in a A window. The num-
ber of interfering partial waves (coherence length) A,
increases with the mass of interacting nuclei and de-
creases with interaction time:

X = 2J/héT, (1)

where J is the moment of inertia and § represents the
dispersion of the wave-packet during the interaction
time 7 . Analytical expressions for energy-averaged
cross section and angular cross correlation function
(ACCF) have been obtained in [2]. It was also in-
dicated that the same coherence effects which govern
the angular dependence give rise to interference effects
in the excitation function (EF) for particular cases (¢
= 0 and 7). The role of the angular momentum in
explaining the presence of intermediate structures in
the EF of dissipative heavy ion collisions (DHIC) in
general case has been addressed in ref. [3] after their
experimental discovery [4].

The EF for 19F + 27Al DHIC has been measured
and studied in details by our group. Intermediate
structures with an average energy coherence width T’
= 170£65 keV have been evidenced [5]. Good angular
resolution of our detector (0.5°) and the large statis-
tics give the possibility to obtain angular distribution
(AD) and to perform angular correlation analysis for Z
= 6 - 8 fragments in the same windows of total kinetic
energy loss (TKEL), 204+2.5, 30+2.5 and 40+2.5, as
for energy correlation studies. This analysis has been
done on the energy range 116.76 - 129.75 MeV. Part
of the results, namely the description of the energy-
averaged AD and ACCF with analytical formulae from
[2], are illustrated for Z = 6 in the following table and
figure. The panels a), b) and c) of the figure cor-
respond to TKEL windows centred on 20, 30 and 40
MeV, respectively. The continuous lines correspond to
parameter values which give good description of AD:
the width of angular momentum window A; A =1, +
1/2, where [, is angular momentum on which A is cen-
tred and the mean deflection angle ©. The dotted lines
represent, the results of the description with changed
values of A (braketed values) in order to obtain better

description of ACCF. A, is evaluated using the rela-
tion 1/Ty = (1/A% + 1/22)1/2, where I'y (1/Ty gives
the width of AD) is obtained from ACCF. The depen-
dence of A, A and © on TKEL (Z) is in agreement
with expection based on phenomenological consider-
ations. The obtained values of angular momentum
coherence width A. are in good agreement with value
of (1.6+0.6) given by Eq. (1) taking I' = 170+65 keV
from our previous studies and the relation 7 = h/T. .J
is calculated taking into account the deformation as in
[5]. Low values of A, are expected for light systems [1]
(see Eq. (1)). As far as we are aware, it is for the first
time when an experimental study of A, dependence on
TKEL (Z) is realized.

TKEL(MeV) 20+25 30£25 4025
A (h) 27.0 26.0 245
A(h) A(5)  4(4.5) 35
0(°) 25 30 45

Ty 2.33 2.32 1.86
Ac 2.9(2.6) 2.7(24) 2.2
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Gamma-ray multiplicity measurements for light heavy ion reactions
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Experiments on gamma-ray multiplicities are de-
signed to probe the gamma multiplicity distribution
associated with the decay of systems formed for in-
stance in a (heavy ion,xn) reaction or in deep inelas-
tic scattering of heavy ions [1, 2]. A method for
obtaining information about the multiplicity distribu-
tions of gamma rays emitted by nuclei is based on the
use of gamma-ray multicounter systems in multiple-
coincidence experiments. The gamma-ray multiplic-
ity filter used in our experiment consists of 12, 2”7 (di-
ameter)x2” Nal(T1) scintillation counters [3]. A new
spherical reaction chamber has been specially construc-
ted for this type of measurements [4]. The existing
gamma-ray filter has been partially modified to fit the
DRACULA set-up Phase I infrastructure [5], in or-
der to provide the right detection geometry. Thus, the
scintillation counters have been placed at 11 cm from
the target, above and below the horizontal plane, each
with its symmetry axis passing through the target cen-
tre, and were positioned at the polar angles: 135° (6),
45° (4), 0° (1) and 90° (1). The counters are mounted
into 3 mm thick stainless steel housings which can also
support lead shields in order to reduce the detection
of gamma-rays scattered between neighbouring coun-
ters. The Nal(Tl) crystals are coupled to RCA 8575
photomultipliers. The selective counters are the two
big ionization chambers (IC) of the DRACULA ex-
perimental device. Two Ge(Li) counters were placed
in the horizontal plane. Timing signals from two large
area PPADs in front of the big ICs give the reference
time by starting the TDCs. An OR of the anode sig-
nals from the 12 NalI(T1) counters gives the stop signal.
The lower threshold in the time discriminators was set
to a level so as to accept Nal pulses > 100 keV. The
timing resolution of the detectors in the filter is suffi-
cient to allow separation of prompt gamma-rays and
neutrons by time of flight (Fig.1). The energy reso-
lution of the NaI(Tl) detectors varied from 3.33% to
9.8% for 662 keV and from 2.27% to 7.62% for 1332
keV. Using a 5°Co source, the ratio between one-fold
true coincidence yield and two-fold coincidence yield
coming from cross-talk, due to the 1173 keV transition,
gated by photopeak events in the germanium detector
corresponding to the 1332 keV transition, is found to
be negligible. The absolute efficiency at an appropri-
ate energy has been determined from the experimen-
tal ratio of the number of Nal-Ge(Li) events and the
number of singles obtained with a %°Co source, for

multiplicity M=2, in the same geometry as for the ex-
periment and the efficiency as a function of energy and
response linearity have been measured with calibrated
sources.
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Figure 1:

Using the gamma-ray multiplicity filter coupled with
the big ionization chambers, the multiplicity distri-
bution in coincidence with products emitted in the
deep inelastic reactions: °F(136.9 MeV)+27Al and
27A1(140.14 MeV)+27Al, has been measured.
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The ALICE Transition Radiation Detector (TRD)
has been designed to improve the pion rejection ca-
pability of the ALICE detector by at least a factor of
100 for momenta above 2 GeV/c [1]. To demonstrate
that this goal is achievable, during the last year we
have conducted prototype tests at the pion (with nat-
ural electron content) beam facility at GSI Darmstadt.
A complete description of the experimental setup and
of the results (including references) can be found in
[2]. Many types of radiators were tested, composed of
foils, fibres and foams. Here we summarize the results
concerning the pion rejection performance in case of a
fibres (of 17 um diameter) radiator, which was estab-
lished to be the best candidate for the final radiator.

To extract the pion rejection factor we have stud-
ied three different methods: i) truncated mean of in-
tegrated energy deposit, TMQ; ii) likelihood on in-
tegrated energy deposit, L-Q; iii) bidimensional like-
lihood on energy deposit and position of the largest
cluster found in the drift region of the DC, L-QX.
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In Fig. 6 we present the pion efficiency (the in-
verse of the rejection factor) as function of electron ef-
ficiency (90% electron efficiency is the commonly used
value) in case of fibres radiators for the momentum of
1 GeV/c. The truncated mean method, although it de-
livers sizeably worse identification, has the advantage
of being very easy to use, being advantageous espe-
cially for an on-line identification. The bidimensional
likelihood delivers the best rejection factor. In general,
the three methods employed here give results in good
agreement with earlier studies.

By doubling the equivalent thickness of the radi-
ator (see Fig. 6) one gains a factor of about 2 in

pion rejection power. However, it remains to be seen
how the additional material will influence (by produc-
ing secondary particles) the performance of the TRD
itself and of other ALICE sub-detectors.
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The pion efficiency at 90% electron efficiency as
function of momentum is shown in Fig. 6. The
steep decrease of pion efficiency at momenta around
1 GeV/c is due to the onset of TR production. To-
wards our highest momentum value, 2 GeV /c, the pion
efficiency reaches a saturation, determined by the TR
yield saturation and by the pion relativistic rise. Due
to these effects the pion rejection is expected to get
slightly worse for momenta above 3 GeV/c. As one
can see in Fig. 6, at the momentum of 2 GeV/c
the pion rejection factor of 300 to 600 achieved during
these tests is better than the required value for the
ALICE TRD. However, one has to bear in mind that
a significant worsening of TRD performance has been
registered when going from prototype tests to real de-
tectors. On the other hand, impressive pion rejection
factors of 1000 and above have been achieved in full
size TRDs, i.e. by the HERMES experiment.
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Cryogenic setup for kaonic nitrogen
(DEAR experiment)
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Achieving, in the last DEAR runs, the best ”ex-
pected signal” / "measured background” ratio with the
NTP setup, in the actual machine conditions, sug-
gested, as next setup, the use of the cryogenic setup
also for measuring kaonic nitrogen. The installation
of the cryo setup, already in this phase of the scien-
tific programme of DEAR, will allow an enhancement
both of the signal and of the shielding factor. This
due to a bigger detector solid angle and intrinsec effi-
ciency, to an increased rate of kaonic atoms formation
for the higher density and to a better compactness of
the cryogenic setup, allowing a more efficient shielding.

A Monte Carlo study shown [1] that with the cryo-
genic setup equipped with 8 CCD-22 and 4 CCd-05,
filled with nitrogen at 5 equivalent bars at room tem-
perature, it is possible to identify the 7.6 keV line of
kaonic nitrogen with only few thousands nb ~' of in-
tegrated luminosity, if the signal/ background ratio is
at least of the order of 1/20, by applying a suitable
background subtraction technique.

After the last period of DEAR runs, which took
advantage of a fully shielded NTP setup (what prac-
tically saturated any further possibility of shielding
this setup), the background measured at the position
of the 7.6 keV line of the kaonic nitrogen spectrum
turned out about 2.6 X/nb~! [2], for an expected sig-
nal of about 0.05 X/nb~!, which means a ratio still far
from the above threshold. It was therefore decided to
install the cryogenic setup - foreseen for the hydrogen
measurement - already for the nitrogen measurement,
with an additional special shielding, based on what
learned - and positively applied - on the NTP setup.
The expected increasing of the signal - due to the in-
creased number of detectors, 4 CCD-05 and 8 CCD-22,
the latter with larger area and higher depletion layer,
as well as due to the increased density should allow, in
principle, to reach a signal/background ratio such to
allow to measure a kaonic nitrogen transition.

We used an octagonal target cell, placed in the cen-
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ter of the vacuum chamber . The density of the target
was optimized in order to reach a compromise between
yield and absorbtion of the lines. The optimum yield
for the 7.6 keV line of kaonic nitrogen (6 — 5 tran-
sition) is obtained at the equivalent pressure at room
temperature of about 5 bars, which can be reached
with a relatively low pressure in the target (about 2
bars) by cooling nitrogen gas down to about 120 K.
The temperatures reached are 177 K for CCD-22, 166
K for CCD-05 and 118 K for the target cell, which, for
the pressure of 2 bars, corresponds to a density about
5 times the NTP density.

We used both an external and an internal shielding.
The external shielding is composed by a lead wall to
shield the DEAR interaction region, a lead-reinforced
platform for the setup and also a shielding arround
the setup. The internal shielding is intended to shield
of all those parts of the setup which fall within the
solid angle seen by the CCDs. ”Golden rule” for the
internal shielding - whose application allowed to obtain
the best performance on the NTP setup [3] - is the use
of sandwich-type structures, made by initial high Z /
high density materials to finish with low Z materials.
Typically, the sequence of layers is lead-aluminium-
polyethylene.

Two types of CCD were mounted inside the setup
: 8 CCD-22 and 4 CCD-05-20 . The readout is done
with a special electronics and the DAQ is performed
using two independent PCs.

The optimisation of the degrader is required to cen-
ter the kaons stopping points distribution in a region
with maximized solid angle and minimized absorbtion
with respect to the CCDs position. For this goal the
calculation was carried out using the Monte-Carlo pro-
gram. The program took into account the present ge-
ometry of the setup and the resulting degrader is made
of a layer of plexiglass and 2 layers of mylar, optimazed
for a density of nitrogen which correspons to the equiv-
alent pressure of 5 bars at room temperature.

[2] M. Bragadireanu et al., DEAR Note-IR-35,

February 5, 2001.
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nuary 9, 2001.
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The ATLAS central (barrel) combined calorimeter
prototype setup composed from three electromagnetic
liquid Argon accordion modules and five hadronic iron
scintillator tiles modules has been tested in the HS
beam line of the CERN SPS. The data taken with pi-
ons of energy 10, 20, 40, 50, 80, 100, 150, and 300 GeV
have been used to test a non-parametrical method of
the energy reconstruction. The non-parametrical me-
thod utilizes only the known e/h ratios and the elec-
tron calibration constants and does not require the
determination of any parameters by a minimization
technique. The results are compared with the bench-
mark and cells weighting methods, used previosly for
reconstruction.

The total energy is reconstructed as the sum of
the energy deposit in the electromagnetic compart-
ment (Er4,), the deposit in the hadronic calorimeter
(ErTye), and that in the passive material between the
LAr and Tile calorimeters (Egy,):

1 e 1 e
(-) Rrar+Egm+— (-) Rrie ,
ELAr \ T LAr €Tile \ T Tile
(1)

where Rpa, (Rrie) is the measured response of the
LAr (Tile) calorimeter compartment and 1/er;. and
1/erar are energy calibration constants for the LAr
and Tile calorimeters respectively. Similarly to the
procedure in Refs. [1, 2], the Eg, term is taken to
be proportional to the geometrical mean of the en-
ergy released in the third depth of the electromagnetic
compartment and the first depth of the hadronic com-

partment (Egm = - \/Erars - Etile1)-
e _ e/h
T 14+ (e/h—1): fro’

FE =

(2)

where fro is the fraction of electromagnetic energy of
the shower whose dependence on the incident hadron
energy can be parameterized as:

fro=E.,JE=k-InE . (3)

The reconstructed mean values of the hadron energies

are within £1% of the true values (see Fig. 1).
The fractional energy resolution (see Fig.

[(58 + 3)%/VE + (2.5+ 0.3)%] @ (1.7 + 0.2) /E.

2) is
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Figure 1: Energy linearity as a function of the beam
energy for the e/h method (black circles) and the cells
weighting method (open circles)
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Strong evidences for correlated nonextensive quantum statistics in
hadronic scatterings
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In this paper [1] the degrees of nonextensivity of the
quantum systems composed from (J or #)—quantum
states in the spin (0_%+ - O_%+) hadron-hadron
scatterings are investigated. So, first we presented
a complete statistical description of the nonextensive
quantum systems from the (0’%+ — 0’1+)— scat-
terings in terms of the scattering entropies Sy(p) and
Se(q), p,ae€ R. Then, the nonextensivity indices of
quantum states from the pion-nucleon and pion-nucleus
scatterings, determined by the fit of the scattering
entropies Sy(p) and Sy(q) with the optimal scatter-
ing entropies S9'(p) and S3'(g), are calculated from
the available pion-nucleon experimental phase shifts.
Therefore, we consider the mazimum-entropy (Max-
Ent) problem

9(q)} wheno = fized, do

max(S, (p), S T

= fixed

1)
as criterion for the determination of the equilibrium
distributions p*¢ and P™¢(z) for the quantum states
from the (074 — 0~ §)—scattering. For the J-quantum
states, in the spin (0’% — 0’%) scattering case, these
distributions are given by [1]

1
(Jo +1)2 1/4

while, for the #-quantum states, these distributions are
as follows

1
pre = pol = 5SI<h (@

2
11 3

pme — Pol — 232
(@) = P (@) [—K

22
where d] , () are the d-spin rotation functions [1] for

22

the spin 1/2 particles, j}l (x) = dP(z)/dz, the re-
producing kernel K%%(x,y) is given by: K%%(x,y) =
DN NCIES 1)d, (x)d}, (y), while the J, is given by

(Jo + 1)? —1/4—2K11(1 1) = 2= 92 (1).

Hence, by a stralghtiorward calculus we obtain that
the solution of the MaxEnt problem is given by

S}]nax(p) — Sgl(p) = [l — [QK%%(I 1)}1—p:| /(p - 1)’
(4)

+1

Sénax(q) — Sgl(q) = [1 — dlE[Pme(«T)}q:| /(q - 1)

(5)

-1

where P™¢(z) = P°!(z) is given by Eq. (3).

The nonextensivity indices p and q corresponding
to the J—statistics and 60— statistics, respectively, are
proved to be correlated via the Riesz-Thorin relation

1 1
TR =1, orqg=p/2p—1) (6)

The main results and conclusions obtained in Ref.
[1] can be summarized as follows:

(i) In this paper [1] we obtained a complete nonex-
tensive statistical description of the quantum state in
the (0’;+ -0 % ) scatterings. The equilibrium (or
MazEnt) distributions and optimal (J or #)—scattering
entropies are obtained [1] in terms of the spin d7, (x)-
functions and of corresponding reproducing kernel func-
tions;

(ii) The experimental determination of statistical
behavior of the quantum scattering states in the pion-
nucleon scattering was performed by the experimental
fit of the (p,q)-nonextensivity indices using the avail-
able pion-nucleon experimental phase shifts. Hence,
a separate p-fit of the experimental data on the scat-
tering entropies S;(p),p € (1/2,00) with the ”equilib-
rium” entropy S9'(p) [ Eq. (25) in Ref. [1]] allowed
us to conclude that the (J, p)—statistics of the system
of J—quantum states are subextensive with an index
p slightly above 1/2, while a separate g-fit of the ex-
perimental entropies Sy(g),q € (1/2,00) with the op-
timal entropy S§'(g) [Eq.(26) in Ref. [1]] proved that
(8, q) —statistics of the §—quantum states are superez-
tensive with ¢ > 2 (see Table 1 and Fig. 1 from [1]);

(iii) A two-parameter (p,q)—fit of the scattering
entropies Sj(p) and Sy(g) with the optimal scattering
entropies S9! (p) and S3'(g) advanced the conclusion
that the best values for p are also in the range (0.5 <
p < 0.6) but with the g-nonextensivities correlated by
the Riesz-Thorin relation: 1/p+1/g = 2 (see Tables 1
and Fig. lof Ref. [1]);

(iv) The strong experimental evidence obtained here
for the nonextensive statistical behavior of the (J,0) -
quantum scatterings states in the pion-nucleon scatter-
ing can be interpreted as an indirect manifestation the
presence of the quarks and gluons as fundamental con-
stituents of the scattering system having the strong-
coupling long-distance regime required by the Quantum
Chromodynamics.

[1] M. L. D. Ion and D. B. Ion, Lett. B 482 (2000)
57-64.
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The Uncertainty Principle (UP) of quantum me-
chanics discovered by Heisenberg which constitute the
corner-stone of quantum physics, asserts that: (UP)
"there is an irreducible lower bound on the uncertainty
in the result of a simultaneous measurement of non-
commauting observables”. In order to avoid this state-
dependence many authors proposed to use the infor-
mation entropy as a measure of the uncertainty in-
stead of above standard quantitative formulation of
the Heisenberg uncertainty principle.

In this paper [1] the Principle of Limited Entropic
Uncertainty (LEU-Principle), as a new principle in
quantum physics, is proved. Then, consistent exper-
imental tests of the LEU-principle, obtained by us-
ing the available 49 sets of the pion-nucleus phase
shifts, are presented for both, extensive (¢ = 1) and
nonextensive (¢ = 0.5 and ¢ = 2.0), statistics cases.
Moreover, some results obtained by the application of
LEU-Principle to the diffraction phenomena are also
discussed.

In particular, using the results of Refs. [2] for the
Tsallis-like scattering entropies, in this paper [1] we
proved the following quantitative formulation of the
LEU-Principle.

LEU-Principle for scattering: Let oo and g—g(y)
be fixed from experiment for a fixed y € [-1,+1].
Let Vyr(q) = exp[Spr(q)] be the statistical variances
corresponding to the Tsallis-like scattering entropies
Spr,(q). Then, the LEU-inequalities can be given in
the following general form:

exp [(1—-2""9/(g—1)] <Vorle) <V, ¥(0), (1)
for ¢ > 0, and
exp [(1-2""9)/(qg—1)] < Vz¥(q) < Vor(a), (2)

for ¢ < 0, where

Vi (q) = exp [S7 ()] (3)

Sih(@) = 75 [1 = S+ D) [ dal P (@))7]

ol _ P?(z _ [K(z,)]?
pit = _215((1,;)’ P(z) = [Ié(y?y))]

and the reproducing kernels K(z,y) and K(y,y)
for two-body scattering are given by

~

oy

K(z,y) = (2l + 1) Pi(z) P (y) (4)

N | =
-
I
(==}

Loy
1 ‘
K(gy) =5 > @2+ DR () (5)
1=0
while the optimal angular momentum L,, can be ob-
tained by solving the implicit algebraic equation

) = Ky (©

The main results and conclusions of our paper [1]
can be summarized as follows:

(i) In the paper [1] we introduced a new princi-
ple in quantum physics namely the Principle of Lim-
ited Entropic Uncertainty (LEU-Principle). This new
principle includes in a more general and exact form not
only the old Heisenberg uncertainty principle but also
introduce an wupper limit on the magnitude of the un-
certainty in the quantum physics. The LEU-Principle
asserts that: ”there is an irreducible lower bound as
well as an upper bound on the uncertainty in the re-
sult of a simultaneous measurement of non-commuting
observables for any extensive and nonextensive (q¢ > 0)
quantum systems.

(if) Two important concrete realizations of the LEU-
Principle are explicitly obtained in this paper, namely,
(a) the LEU-inequalities [see Eqs. (2)-(5) in [1]] for the
quantum scattering of spinless particles, and, (b) the
LEU-inequalities for the diffraction on single slit of
width 2a [see Eqs. (19)-(22)]. In particular from our
general results, in the limit y—+1, we recovers in an
exact form all the results previously reported in Refs.
[2]. In our paper [1], an experimental illustration of
the LEU-Principle is presented in Figs. 1-3 for the
cases y=1 and q=0.5, 1, and 2.

(iii) For the nonextensive quantum systems with
negative q we also proved the validity of the state
independent entropic uncertainty relations: exp{(1 —
2179) /(¢ — 1)} < Vir(q). Moreover, in this case we
get [see Eqgs.(14) in [1]] that the optimal Tsallis-like
entropies (if they exists for ¢ < 0) provides only an
important improvement of the above state indepen-
dent entropic uncertainty relations.

[1] M. L. D. Ton, D. B. Ton, Phys. Lett. B 474
(2000) 395-401.

[2] D.B. Ion and M. L. D. Ion, Phys. Rev. Lett. 81
(1998) 5714-5717; D. B. Ion and M. L. D. Ion,
Phys. Rev. E 60 (1999) 5261-5274; M. L. D.
Ion and D. B. Ton, Phys. Rev. Lett. 83 (1999)
463-467; D. B. Ton and M. L. D. Ton, Phys. Lett.
B 466 (2000) 27-32.
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A precise measurement of 180 GeV muon energy losses in iron
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The detection and measurement of muons with en-
ergies in excess of 100 GeV at the Large Hadron Col-
lider present a special interest for the investigation of
a wide variety of physics processes (intermediate bo-
son decays, jets with heavy flavor tags, etc.). In the
ATLAS detector, muons will be measured by tracking
chambers within a toroidal air-core magnet after they
have crossed more than 100 radiation lengths of mate-
rial in the electromagnetic and hadronic calorimeters.
It is, therefore, important to check precisely the the-
oretical predictions for muon energy losses in iron or
higher Z materials.

In an earlier experiment [5], the energy loss spec-
trum of 150 GeV muons in 1 meter long prototype
modules of the ATLAS Tile Calorimeter was studied.
The spectrum of muon energy losses was found to be in
very good agreement with theoretical predictions, and
an indication of a non—zero value of the nuclear size
correction to the bremsstrahlung process was found.
The main limitation on the precision of the measure-
ment was due to the systematic uncertainty of the
calorimeter energy scale calibration.

A new measurement was performed with 180 GeV
positive muons incident on a preseries module of the
ATLAS Tile Calorimeter (Module 0). A detailed de-
scription of the calorimeter concept, the Module 0 and
prototypes is given elsewhere [1]. For the purpose
of this measurement, the Module 0 and the 1-meter
small modules of the calorimeter were placed in the
H8 beam of the CERN SPS, and oriented so that par-
ticles cross the tiles of Module 0 at perpendicular in-
cidence. The 5.6 m long Module 0 was surrounded at
the downstream end by three small modules on the
bottom and two on the top. The beam entered in
the center of the Module 0. In this setup muons tra-
versed 5.6 m of finely segmented iron and scintillators,
thereby providing high statistics and high granularity
data. Compared to the past study, the fiducial region
for observing large energy losses is much longer (115.3
radiation lengths, vs. 17.6 r.l. in Ref. [5]) and con-
tamination from hadron and muon decays in flight are
eliminated using the first 1.5 m of the muon track in
the calorimeter.

The quantity to be compared to theoretical esti-
mates is the differential probability dP/dv of frac-
tional muon energy loss v per radiation length. The
fractional energy loss v is expressed asv = AE, /(E, —
€), where the muon energy E, is corrected by the
energy losses € in layers preceding the shower signal.

AE, is the shower energy, which is calculated exclud-
ing the underlying contribution from the minimum-
ionizing track. To obtain AE, the signals in three
consecutive layers centered on the maximal signal are
summed and then corrected by subtracting the contri-
butions from the muon track ionization and low energy
showers overlapping in the three signal cells.

The differential probability dP/dv of muon frac-
tional energy loss per radiation length of iron has been
measured in the range 0.025 < v < 0.97 and it is com-
pared with theoretical predictions for energy losses due
to bremsstrahlung, production of electron—positron
pairs, energetic knock-on electrons and photonuclear
interactions. Particular attention is given to muon
bremsstrahlung which is the dominant process leading
to large energy losses. The theoretical values, which
are the sum of the predictions for the four processes
mentioned above, are in very good agreement with the
experimental results over the range of fractional en-
ergy losses v from 0.025 to 0.12. This is the region
of screening of the nucleus by the electron cloud while
the region v > 0.12 is the region of no screening where
the dominant process for muon energy losses is brem-
sstrahlung. The sensitivity achieved in this experiment
for higher fractional energy losses allowed to measure
for the first time the effect on muon bremsstrahlung
of the nuclear elastic form factor. The theoretical pre-
dictions vary from no effect to a -30% effect at the
upper end of the energy loss spectrum. The results
are precise enough to discriminate between different
theoretical calculations; specifically, they are in agree-
ment with two sets of predictions ( [2, 4] and [3]),
while they differ from three other sets by 2.3 to 3.5
standard deviations.
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The dependence of the anomalous J/¥ suppression on the number
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The observation, reported by the NA50 collabora-
tion, of an anomalous .J/¥ suppression in Pb-Pb colli-
sions represents one of the most striking indications of
the occurrence of the deconfinement of quarks and glu-
ons at SPS energies. In this report we determine the
J/¥ suppression pattern as a function of the forward
energy Fzpc measured in a Zero-Degree Calorime-
ter (ZDC). Exploiting the direct connection between
Ezpc and the geometry of the collision, we calculate,
within a Glauber approach, the relationship between
the number of participants nucleons Np.+ and Ezpc.
We also verify the consistency of this approach with re-
sults from VENUS and RQMD event generators. Tak-
ing into account the resolution on our centrality mea-
surement, we check if the experimental data can be
better explained by a sudden or a smooth onset of the
anomalous J/¥ suppression in the Npg,; variable.

The data analyzed in this report have been col-
lected with the NA50 set-ups of 1996 and 1998. A
description of the NA50 experimental apparatus can
be found in [1, 2, 3]. Details on data taking condi-
tions and the event selection procedure can be found
in Refs. [4, 5].

The geometry of a nucleus-nucleus collision is usu-
ally characterized by the value of the impact parameter
b, which is not directly accessible to the experiment,
but can be deduced from the measured E;p¢ distri-
bution. The link between N,,,+ and the impact pa-
rameter b, has been obtained with a calculation based
on a Glauber model of nucleus-nucleus collisions, us-
ing Woods-Saxon nuclear profiles, with the parame-
ters tabulated in [6]. The same Npure vs b depen-
dence has been reproduced using the VENUS 4.12 [7]
and RQMD 2.3 [8] event generators. In Fig.l we
plot the Ezpc spectrum, for the 1996 data sample,
together with the result of our Glauber calculation.
The good description of the measured spectrum al-
lows to conclude that our approach satisfactorily re-
produces the connection between Ezpc and the ge-
ometry of the collision. The distribution of N, vs
Ezpc is particularly relevant for the J/W¥ suppression
analysis. Two complementary techniques, the ”stan-
dard analysis” and ”minimum bias analysis” have been
employed to extract the J/U¥ suppression pattern vs
Ezpc. They have been already used for the analy-
sis of J/¥ suppression, as a function of the neutral
transverse energy and have been explained in detail in
[4, 5].

The two-step pattern of the J/¥ suppression, al-
ready established as a function of the neutral trans-
verse energy Fp and interpreted as an evidence for
deconfinement at SPS energy [5], has been confirmed.

“ 1 1 1 1 1 1
£ 0 5 10 15 20 25 30 35
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Figure 1: Comparison of the minimum baias Ezpc
spectrum with the result of the Glauber calculation
(full line), and the Monte Carlo simulations based on

VENUS (dashed line) and on RQMD (dotted line).
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The hadron calorimeter (HCAL) of the LHC-B spec-
trometer [1, 2] will provide information for the event
triggering and background supression on reconstruc-
tion of B mesons decays. The overall dimension of
of the active area of the detector is foreseen to be
3.4x6.3m?.

The technology chosen for the HCAL design is a
scintillator/iron sampling structure with scintillating
tiles arranged in parallel to the beam axis. It has been
tested two variants. They differ by the cell size (8
cm and 16 c¢m), by their depths (7.3 A\; and 5.6 Aj)
and by different light collection designs (double and
single sampling depth) that have been equiped with
two types of fibers: Pol.Hi.Tech.(S250) and BICRON
BCF-92. Results have been obtained, at CERN, in a
combined run with SPD/PS, ECAL and HCAL, read-
ing out the ECAL and HCAL with fast 25 ns sampling
electronics.

For HV system has been used a prototype designed
and construceted in IFIN-HH to power in parallel a
group of 9PMs FEU-115m10 with booster sources for
the dynodes D7..D10. It supports a high counting
rate (aprox. 40 MHz) by supplying additional current
to the last four dynodes of the PMT. The HV differ-
ences can be independently adjusted up tp 10% of the
nominal value, in the automatic mode.

Iron plates are passive radiators, and it is known
that iron calorimeters are non-compensating ones. This
feature is determined by increasing of 7%’s with en-
ergy: 7°/all ~ 0.23 In(E) (E in GeV) that results in
an increase of detected energy E with respect to the
incident particle energy Ej:

E/Ey =1+ vIn(E/E.) (1)

where E. is the calorimeter responce for the calibration
energy.

The other source of non-linear behaviour could be
the shower leakage behind the detector. This causes
two opposite effects: it decreases the detected energy
due to leakage, but on the other hand, it can generate
Cerenkov light in the fiber bundle just in front of the
PMT.

The energy dependence of the resolution for sam-
pling hadron calorimeter is described by two parame-
ters: the stochastic and constant term. The first re-

flects the statistical fluctuation in the energy depo-
sition by hadronic showers in the scintillating tiles.
The second one is defined by intrinsic features of the
calorimeter, like inter-calibration, nonuniformity in the
light collection for different fibers in the cell, non-linear
response due to shower fluctuations in depth, energy
leakage, cracks and so on.

An analysis of the performance of 5.6 A; prototype
from data that were obtained in the combined test
run using the 40 MHz readout electronics, has been
compared in detail with simulation results using dif-
ferent software packages for the simulation of hadronic
shower development. The data have been fitted by
the quadratic sum of the stochastic and constant term
that result in o(E)/E = (79.2+2.9)%/VE @(10.11+
0.45)% as shown in Figure 1.
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Figure 1: Resolution fonction on energy.
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The better understanding of the physics on which
the hadron calorimeters are based and the analysis of
the factors that determine their performances present
a special interest and can be very useful in improving
the existing simulation codes for hadronic showers.
In our previous comparative analysis of the Tile Calori-
meter response to pions and protons we have shown
that the ratio between pion and proton response has a
value higher than unity for all the studied incident en-
ergies and pseudorapidities and the Monte Carlo sim-
ulations of the Tile Hadronic Calorimeter response,
based on the G-CALOR hadronic shower simulation
package [1], are in very good agreement with the data.
We have concluded that our results are confirming the
suggestion of Gabriel et al. [2], obtained by simula-
tions, about the presence of a smaller pure hadronic
fraction for pions than for protons since our calorime-
ter is non-compensating with e/h > 1.

Taking into account our previous results we have de-
voted a special interest to a detailed comparison of the
relative non-linearity of the response given by protons
and pions. In Figure 1, the normalized ( to the 100
GeV point ) relative non-linearity of the pion and pro-
ton response is shown as a function of the beam energy
at different pseudorapidities. The very good linearity
of the pion response can be seen. The non-linearity for
pions seen in the experimental data is less than + 1%
while the G-CALOR predicts also a good linearity for
pions but the non-linearity ( £ 2% ) is slightly higher
than the one obtained experimentally.

For protons the non-linearity of the response is a little
higher than for pions and the better linearity of pions
as well in the data as in G-CALOR simulations can
be observed in Figure 1. This result can be seen for
all the energies and all the pseudorapidities taken into
account.

Expressing the relative non-linearity of pions (protons)
of energy E - R (E) (R,(E)) - as a function of the pure
hadronic fraction of pions ( protons ) FJ (F}) and us-
ing the ratio between the pure hadronic fraction of
pions and protons given by [2] :

F/FP =0.83 (1)

we have obtained finally, taking into account the in-
trinsic constant of our calorimeter (e/h > 1), a smaller
variation with the energy of the relative linearity for
pions than for protons :

dR./dE < dR,/dE (2)

Thus, the better linearity of the pion response, seen as
well in the data as in simulations, is another argument
in the favor of the relation (1) given by Gabriel and
al. [2].

Thus, firstly we have observed a higher calorimeter re-
sponse to pions than to protons of the same energy
and we have considered that this is an experimental
confirmation of the result of Gabriel et al. [2] concern-
ing a smaller pure hadronic fraction for pions than for
protons. Now, the experimental data concerning the
linearity of the response to pions and protons, con-
firm once more the smaller pure hadronic fraction for
pions than for protons and even more, the obtained
data about the linearity can be used as an argument
in the favor of a similar energy dependence for the
two hadronic fractions FJ(E) and FF(E) , e.g. for a
constant ratio - FJ(E)/F}(E) - less than unity.
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Transverse momentum distributions of J/¥, ¥/, Drell-Yan and
continuum dimuons produced in Pb-Pb interactions at the
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Muons pairs produced in Pb-Pb interactions at 158

GeV/c per nucleon are used to study the transverse
momentum distributions of the J/®¥, ¥/ and dimuons
in the mass continuum. Preliminary results on the pp
distribution of .J/¥ mesons produced in Pb-Pb col-
lisions have been published [1, 2]. In this report the
analysis of py distributions of J/¥, ¥/, Drell-Yan ( DY
) and muon pairs in the mass continuum between 2.1
and 2.7 GeV/c? (the intermediate mass region or IMR)
are presented. The analysis uses the high statistics data
sample of Pb-Pb collisions collected at the CERN SPS
in 1996. A detailed description of the layout of NA50
experiment can be found in [3]. The present analy-
sis is based on a new selection method, made possible
thanks to the excellent 1996 beam conditions and to
the different anti-halo detectors. Details on data tak-
ing conditions and event selection can be found in [4].
The final event samples contain 170.10° triggers and
~ 19.10* J/¥ events in 1996 and 60.10° triggers and
~ 5.10* J/¥ events in 1995.
In order to investigate the transverse momentum dis-
tributions of muon pairs produced as a function of the
centrality of the collisions, the events are divided into
subsamples according to the transverse energy of the
collision, Ep. For J/¥ and IMR events, the size of the
samples allows 15 centrality bins , while for ¥/ and
DY events, as well as for the J/¥ events collected in
1995, the number of bins is limited to 5. The < pp >
and < p% > values have been determined for muons
pairs of different origins: intermediate mass region (
IMR ), the J/¥ and ¥/ decays and Drell-Yan mecha-
nism. The < p3 > values obtained for different mass
intervals are plotted in Fig.1, as a function of Er.

From the analysis we observed that the < p% >
values for the U7 are higher than for the J/¥. For the
J/¥ the values < pr >, < p% >, < My — M > and
the inverse slope parameter, T, exhibit a similar trend
as a function of Ep: an initial increase followed by
a flatter behaviour. The comparison of the 1995 and
1996 results suggests that the < p2 > values of the
J/ ¥, for the most central events are not affected by

re-interaction effects due to the thickness of the target.
The change of the pr distributions with the central-
ity of the collisions agrees with what is expected from
interactions in the initial state.

T 27 ]
% 1 IMR 29 Jw
g 1 e
— 4 -
1015- ] *,.'
\é}j + 1.5
t H ]
1 ) +++++++ + 4 O 1885
1¢ 1: ® 1995
— T T T
o] 50 100 o] 50 100
3 3
s # 1 DY
2 + % 2]
11 ] boeob ot
1 17!
1 oa4n ]
] ® 1-D ]
0 t+—r—r—rrr—rrr—— 0 T :
0 50 100 0 50 100
ET (GeV)

Figure 1: < p% > as a function of the transverse energy
for several muon pair mass intervals. For the J/® the
5 open squares correspond to the 1995 data sample.
The error bars are only statistical. For W/, both the
1-D and 4-D deconvolution results are shown.
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ATLAS discovery potential study of the charged heavy leptons pair
production via Drell-Yan mechanism
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The Z decay parameters measured at LEP have
demonstrated that there exist only three light neutri-
nos coupling to the Z with Standard Model couplings.
The simplest supposition is then that the lepton sector
comprises these three light neutrinos and their charged
counterparts. However, many theoretical models, such
as composite models [1], left-right symmetric models
[2], grand unified theories [3], technicolor models [4],
superstring-inspired models [5], and models of mir-
ror fermions [6], predict the existence of new parti-
cles with masses around of the scale 1 TeV and allow
the possible existence of new generation of fermions.
Charged heavy leptons pair production at LHC is dom-
inated by the Drell-Yan process and by gluon-gluon
fusion. The total production cross section for pp —
... = LTI~ is presented in fig.( 1). The studied pro-
cess was pp — qq — Z1 — LTL™ — (et Z°)(e” Z°)
where Z° — dijet, and Br(L — eZ°) = 1/3 according
to [7].
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Figure 1: The total cross section for the charged heavy
leptons pair production via Drell-Yan and gluon-gluon
fusion mechanisms.

We have used PYTHIA [8] as the event generator
and ATLFAST [9] for the detector response. The
background is given by the production of: ¢, ZZ, WZ,
WHW—, ZQQ. We succeed to reduced significantly the
background by a selection based mainly on a best re-
construction of the two Z bosons and

p?iss < 20 GeV. In fig.( 2) we present the obtained
significance of the signal, for an integrated luminosity
of 30 fo—1.
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Figure 2: Signal significance for the charged heavy
leptons pair production via Drell-Yan mechanism,
the simulated process was pp — Z/ — LTL™ —
(et Z°)(e=Z°) and Z° — dijet.
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The inclusive hadroproduction of K*(892)* has
been studied since more than 30 years, but the role
of meson spin in the production dynamics is still not
understood in details. Spin phenomena in inclusive
reactions with non-polarized beam and target are de-
scribed by spin density matrix p of the final state par-
ticle. The pgo element represents relative intensity of
vector mesons with zero z-component of the spin. A
deviation of pyg from the value é indicates spin align-
ment. A number of phenomenological models is sug-
gested [1] to predict spin behavior in vector-meson in-
clusive hadroproduction.

The spin alignment of K*(892)* mesons produced
inclusively in neutron beam has been studied for the
first time in the EXCHARM experiment [2]. The anal-
ysis has been performed using 184.4 x 10% neutron-
carbon interactions recorded in the experiment.

The strange resonances K *(892)* have been se-
lected by their decays into neutral kaon and charged
pion:

n 2C — K*892)* + X

— gt~

(1)
The neutral kaons have been identified via decays of
short lived mode Ks — wtw~. A pair of opposite
charged particles (V°) has been considered as a Kg
candidate depending on: distance between the V° tracks
momentum ratio of the positive track to the negative
ones, Cherenkov identification of the particles.

Each combination of a K¢ candidate with an ad-
ditional track has been regarded as K*(892)* candi-
date if it meets some geometrical and indentification
requirements.

Signals of decays have been estimated as a result of
the Kgm-mass spectrum approximation in the region
of 0.74-1.20 GeV/c? by the following expression rep-
resenting a superposition of background BG(M) and
signal BW (M) with relative rate a.

dN

— 2
dM (2)
The evaluation of pgg is based on the vector-meson
decay angular distribution

Ks

= BG(M)[1 + aBW (M)].

;3

where the angle 6 is the polar angle of 7* momentum-
vector in the decay K*(892)% — K°7F. The key as-
sumption that the background has no spin alignment

3
W (| cosb|) = 5[1 — poo + (3poo — 1) cos? 4]

and could be used for relative acceptance corrections
has been proved independently.

The K*(892)% inclusive production and the back-
ground have been simulated separately by FRITIOF
model (with no spin alignment). Charged particle
tracking through the setup was realized in GEANT-
based program.

The obtained pgp dependences on Pr are shown in
Fig.1.
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» Figure 1: Pp-dependence of the spin density matrix

element pgo for K*(892)* (a) and K*(892)~ (b) in
the transversity frame.

Spin density matrix element pgp for leading vec-
tor mesons K*(892)" has been measured to be pog =
0.424 £ 0.011(stat) = 0.018(sys). This value deviates
from the value of % indicating the spin alignment of
K*(892)* produced inclusively in neutron-carbon in-
teractions at 57 £ 9 GeV.
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Routine surveillance of environmental radioactivity in the influence
area of the Institute during 2000
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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 analyzed.

The working group has been involved in a project
supervised by the TAEA, concerning QA/QC for Nu-
clear Analytical Techniques.

Samples of water, sediment, soil, vegetation and
aerosols have been analyzed for both gross beta and
gamma activity, as follows: 1004 samples of potential
radioactive water, surface, drinking and underground
water; 18 sediment and 72 soil samples; 9 samples of
spontaneous vegetation and 8 samples of milk, 3 sam-
ples of vegetables.

We analyzed for gross beta and gamma activity
42 samples of radioactive liquid effluents from the two
nuclear units CPR and STDR.

Airsols samples have been monitored twice a month,
the maximum concentration of the total beta activtity
was of 9.2 mBq per cube metter air (absolute error:
4.4).

Gross beta activity for samples of drinking water
and surface water, was always below the maximum
allowed concentration (1Bq/1), respectively below the
the warning limit of 1.85 Bq/l.

The maximum value of the gross beta activity re-
corded for the sewage water (reactor Canal) was 1.92
Bq/l (absolute error: 0.22 Bq/l (95influence on the

surface water downstream the spillflow was observed,
gross beta value determined for this sample being be-
low the detection limit (0.30)Bq/1.

Gamma spectroscopy analyses performed on an-
nual composite samples of sewage water showed an
average activity concentration for Cs-137 of 2.0mBq/1
(absolute error: 0.5 mBq/1), values close to those de-
termined for the surface water samples 4.2 (absolute
error: 0.5).

Co-60 was detected in the sewage water and sed-
iment collected at the sewage spillflow, with an ac-
tivity concentration of 8.0.mBq/1 (absolute error: 1.0
mBq/1) and 129Bq/kg (absolute error: 15 Bq/kg) dry
mass, respectively.

For the surface water and sediment samples col-
lected downstream the discharge site, the Co-60 con-
centration was of 5.5 mBq/1 (absolute error: 0.9 mBq/1)
respectively below the detection limit (9 Bq/kg).

Gross beta values for cultivated vegetation and milk
samples collected from the living area were in the same
range to those recorded in the previous years. The con-
centration level recorded was: 46 Bq/1 (absolute error:
4 Bq/1) for milk samples, 55 Bq/kg (absolute error:
4 Bq/kg) fresh mass for tomatoes, 79 Bq/kg (abso-
lute error: 7 Bq/kg) for cabbage, 152 Bq/kg (absolute
error: 9 Bq/kg) of potatoes.

Since July, a trimestial surveillance of the Fort area
has started. Samples of soil and vegetation were ana-
lyzed for gamma spectroscopy.
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Large DN A analysis by pulse field gel electrophoresis
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Conventional gel electrophoresis of DNA molecules
allows a good separation up to 50 kbp (kilobase pairs).
However, in ordinary situations, all molecules larger
than 20 kbp will present the same mobility in a static
electric field, so that the separation seems to be impos-
sible. The separation range could be extended reduc-
ing the agarose concentration to as low as 0.lhandle
and the separation is allowed up to several; hundreds
kbp.

In order to overload these limits, a lot of researcher
attempted to exploit the size-dependent relaxation, by
periodically changing the orientation of the electric
field, so that the DNA must change conformation and
reorient before it can migrate in the direction of the
electric field.

A lot of additional electric fields are involved in

pulse field gel electrophoresis. The simplest way to
achieve large molecule DNA separation is to alternate
two opposite electric field (Field Inversion Gel Elec-
trophoresis). The switching interval and the electric
field involved will give the final resolution.

The aim of this paper is to describe an experimen-
tal setup that allows a separation of DNA molecules up
to 2 Mbp. For this, a fully computer controlled device
was build. The parameters as time ramp, switching
intervals and pause intervals for reverse and forward
migration can be software varied. The test was per-
formed using a S. cerevisiae 288C marker and DNA
chromosomes extracted from yeast with xenodegrada-
tive capability. The results showed a separation limit
up to 2.2 Mpb, comparable with other techniques of
electrocariotyping.
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A metabolic derivation of tritium transfer factors in animal
products
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Tritium is a potentially important environmental
contaminant arising from the nuclear industry. Be-
cause tritium is an isotope of hydrogen, its behaviour
in the environment is controlled by the behaviour of
hydrogen. Chronic releases of tritium to the atmo-
sphere, in particular, will result in tritium-to-hydrogen
(T/H) ratios in plants and animals that are more or
less in equilibrium with T/H ratios in the air mois-
ture. Tritium is thus a potentially important contam-
inant of plant and animal food products. The transfer
of tritium from air moisture to plants is quite well
understood. In contrast, although a number of regula-
tory agencies have published transfer coefficient values
for tritium transfer from diet to a limited number of
animal products, a fresh evaluation of these transfers
needs to be made.

In this paper we present an approach for the deriva-
tion of tritium transfer coefficients which is based on
the metabolism of hydrogen in animals in conjunction
with experimental data on tritium transfer. The de-
rived transfer coefficients separately account for trans-

fer to and from free (i.e. water) and organically bound
tritium.

The predicted transfer coeflicients are compared
to available data independent of model development.
Agreement is good, with the exception of the transfer
coefficient for transfer from tritiated water to organ-
ically bound tritium in ruminants, which may be at-
tributable to the particular characteristics of ruminant
digestion.

We show that transfer coefficients will vary in re-
sponse to the metabolic status of an animal (e.g. stage
of lactation, digestibility of diet, etc.) and that the
use of a single transfer coefficient from diet to animal
product is not appropriate for tritium. It is possi-
ble to derive concentration ratio values which relate
the concentration of tritiated water and organically
bound tritium in an animal product to the respective
concentrations in the animals diet. These concentra-
tion ratios are shown to be less subject to metabolic
variation and may be more useful radioecological pa-
rameters than transfer coefficients.
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Dose contribution from metabolized organically bound tritium after
chronic tritiated water intakes in humans
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Our earlier study of acute tritiated water intakes
in humans has demonstrated that the dose contribu-
tion from metabolized organically bound tritium is less
than 10% of the body water dose. To further demon-
strate that the dose contribution from the organically
bound tritium per unit intake of tritiated water is the
same, regardless of whether the intake is acute (all
at once) or chronic (spread over time), urine samples
from six male radiation workers with chronic tritiated
water intakes were collected and analyzed for tritium.

These workers have a well-documented dose history
and a well-controlled tritium bioassay database, pro-
viding assurance that their tritium intakes were in the
form of tritiated water. Each month for a full calendar
year, urine samples were collected from each exposed
worker. The monthly concentration of tritium-in-urine
for each exposed worker was no lower than 104 Bq L-1
but no higher than 105 Bq L-1. These urine sam-
ples were analyzed for tritiated water and organically
bound tritium to determine the ratio of these tritiated
species in urine. The average ratio of tritiated water

to organically bound tritium in urine for each exposed
worker was 330-129 (range, 297-589).

In calculating the dose to these workers, we as-
sumed that, under steady-state conditions, the ratio
of the specific activity of tritium (3H activity per gH)
in the organic matter and water fractions of urine is
representative of the ratio of the specific activity of
tritium in the organic matter and water fractions of
soft tissue. A mathematical model was developed and
used to estimate the dose increase from the metabo-
lized organically bound tritium based on the ratio of
tritiated water to organically bound tritium in urine.

The resulting average dose from the organically
bound tritium was 6.9-3.1% (range, 4.7-9.9%) of the
body water dose for the six male workers, and agrees
well with the value obtained from our acute tritiated
water intakes study in humans. The observed dose
contribution from organically bound tritium, relative
to body water dose, is in agreement with current rec-
ommendations of assigning 10% of total body water
dose for organically bound tritium in soft tissues after
tritiated water intakes.
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FDNH - the tritium module in RODOS
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Under the auspices of its RTD (Research and Tech-
nological Development) Framework Programmes, the
European Commission has supported the development
of the RODOS (Real-time On-line DecisiOn Support)
system for off-site emergency management. The pro-
ject started in 1989 focusing on PWR/LWR type ac-
cidents and using experience from the Chernobyl ac-
cident. In 1997 it was realised that tritium should
be included in the list of radionuclides, as large tri-
tium sources exists in Europe and to allow a potential
expansion of the RODOS system for application on
future fusion reactor accidents. The National Insti-
tute for Physics and Nuclear Engineering (IFIN-HH)
in Romania - in close co-operation with the Research
centre Karlsruhe (FZK) - was charged to develop the
tritium module, based on previous experience in en-
vironmental tritium modelling and the operation of
CANDU reactors in Romania (with potential tritium
accidents).

At present, the Food and Dose Module Hydrogen
-(FDMH) - for tritium applications - is integrated and
documented in the RODOS system. It calculates the
time dependent tritium concentration (as tritiated wa-
ter or organically bound tritium) in crops (as much
as 22 different species) and up to 12 animal prod-
ucts, inhalation doses and ingestion dose from up to
34 diet items for various groups of the population and
for up to 2520 locations around the source, follow-
ing an accidental emission of tritiated water. FDMH
incorporates many improved techniques in radiolog-
ical assessment and makes intensively use of inter-
disciplinary research. It is developed in a modular
structure with a variable time grid according to the
physical processes. Differing from other models, using
generic transfer parameters or parameters fitted on in-
dividual experiments, FDMH derives tritium transfer
rates based on physical and physiological process anal-

ysis, using scientifically accepted results from interdis-
ciplinary research on, among others, land-atmosphere
interaction, water cycle in the soil-plant-atmosphere
system, plant physiology, photosynthesis, growth and
hydrogen metabolism in mammals. A unique feature
of FDMH is the coherent modelling of tritium uptake
by plant canopies and its conversion to organic mat-
ter, using a physiological plant parameter data base
which can reproduce plant growth under various pe-
doclimatic conditions. By this approach, the difficul-
ties of scaling from leaf to canopy are avoided and
the model parameters are tested by concomitant re-
production of plant growth, using an appropriate crop
growth model- developed at process level. In order
to predict the tritium transfer in animal products in
the absence of a complete experimental database, re-
sults from basic research on hydrogen metabolism in
mammals is applied. Both forms of tritium are consid-
ered and the transfer and the conversion from tritiated
water (HTO) or organics (OBT) in feed to HTO and
OBT in animal products is explicitly introduced. In-
corporating the environmental tritium dynamics with
time steps ranging from less than one hour up to days,
FDMH illustrates seasonal and diurnal effects on pub-
lic dose related to the time of the accident. Due to
the novel modelling approach, FDMH can be easily
customised for any European site and can predict the
time evolution of tritiated water or organically bound
tritium in such details that it can be easily used in
establishing countermeasures.

The present model as integrated in the RODOS
platform contains a database for Central Europe but
is not directly coupled to real-time weather prognosis
data, due to external constraints. In order to increase
the model flexibility and reliability some upgrades are
now on going and an international, stand alone version
in preparation.
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IFIN-HH occupational exposure monitoring in 2000

M. Puscalau’
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The Human Monitoring Laboratory from IFIN-HH,
Life Sciences and Environment Department, performs
its activity in accordance with the new National Ba-
sic Regulations on Radiological Safety. In 2000 it was
acreditated by the National Commission for the Con-
trol of Nuclear Activities on the basis of the Quality
Manual respecting the requirements of SR EN 45001
Standard.

In 2000, a total of 527 persons from IFIN-HH and
72 from hospitals were monitored in order to identify
and quantify the gamma emitting radionuclides - one
of the source of human exposure.

The annual collective effective dose for all mon-
itored workers from IFIN-HH, in 2000, amounts to
360.4 person-mSv. Table 1 gives the distribution of
the workers and the annual collective effective dose for
every Department from IFIN-HH, in 2000.

Also, very important from the radiation protection
point of view is the Table 2 that gives the distribution
of the annual effective dose for the personal from TFIN-
HH, in 2000, in intervals of inceasing dose.

Conclusion : no worker fron IFIN-HH exceeded,
in 2000, the annual effective dose limit for the ocupa-
tional exposure, mainly the value of 20 mSv.

DEPARTMENT | PERSONS COLLECTIVE
EFECTIVE
DOSE (person-mSv )
TIESR 37 40
TANDEM 99 21.6
CPR 77 177
5220 29 9
CSMC 14 12.2
RN 36 5.4
S360 45 19.2
CICLOTRON 36 20.4
SUA 87 13
STDR 41 21.7
S140 52 17.5
RASPEN 10 3.4

Table 1: Department annual collective effective dose
distribution
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Table 2: Annual effective dose distribution
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Consequence assessment of a hypothetical nuclear accident at
Kozloduy NPP (VVER - 440) based on drill (”Oltenia-99”,
Romania)

G. Mateescu', D. Slavnicu', T. Craciunescu', C. Turcanu', A. Gheorghiu!, D. Gheorgiu'
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In order to test and verify the results of the adap-
tation of RODOS expert system on Romanian condi-
tions, an accident scenario at VVER 440 NPP (Kozlo-
duy - Bulgaria) was considered which served as basis
for the international drill ” Oltenia 99”. The drill was
organized by Central Command Unit for Nuclear Acci-
dents and Fall of Extra Atmospheric Objects (CCAN-
COC) and was held in May 1999 under the monitoring
of the International Atomic Energy Agency (IAEA).
Using this accident scenario, the RODOS system func-
tionality was tested on the Romanian database and the
chief system performances were assessed in a critical
manner.

The application consisted in using two modules of
RODOS system (PRTY 3.13): QUICKPRO/ATSTEP
for atmospheric dispersion and deposition calculations
and EMERSIM/EARLY CONS for early emergency sim-
ulation.

The main objectives were to set up countermeasure
areas, Fig.1 shows iodine tablets area, the committed
effective dose for all pathways, the committed dose for
thyroid and number of lethal cases in open air con-
ditions, see Fig.2. In case of protective actions, the
number of cancer deaths, as stochastic effects, is 3, in-
stead of 10 when no actions were taken. That proves
the beneficial impacts of protective actions.

The experience gained during the drill ” Oltenia 99”
showed that would be preferable that decision-makers
receive the results of calculations in other place that
RODOS operation place. Having in mind the com-
plexity of the RODOS system, the further exercises
and the application of the system in drills will help to
adapt RODOS to actual needs of decision makers and
also a special attention should be paid in the training
of personnel who will operate the system.
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Figure 2: Cancer cases when no actions were taken.



94

Health and Environmental Physics

A genetic approach to shape reconstruction in limited data

tomography
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The paper proposes a new method for shape re-
construction in computed tomography. Unlike nuclear
medicine applications, in physical science problems we
are often confronted with limited data sets: constraints
in the number of projections or limited angle views.
The problem of image reconstruction from projection
may be considered as a problem of finding an image
(solution) having projections that match the experi-
mental ones. In our approach, we choose a statisti-
cal correlation coefficient to evaluate the fitness of any
potential solution. The optimization process is carried
out by a genetic algorithm.

The algorithm has some features common to all ge-
netic algorithms but also some problem-oriented char-
acteristics. One of them is that a chromosome, repre-
senting a potential solution, is not linear but coded as
a matrix of pixels corresponding to a two-dimensional
image. This kind of internal representation reflects
the genuine manifestation and slight differences be-
tween two points situated in the original problem space
give rise to similar differences once they become coded.
Another particular feature is a newly built crossover
operator: the grid-based crossover, suitable for high
dimension two-dimensional chromosomes. Except for
the population size and the dimension of the cutting
grid for the grid-based crossover, all the other parame-
ters of the algorithm are independent of the geometry
of the tomographic reconstruction.

The performances of the method are evaluated on
a phantom typical for an application with limited data
sets: the determination of the neutron energy spectra
with time resolution in case of short-pulsed neutron
emission (Fig. 1). The genetic reconstruction is pre-
sented in Fig. 2. The qualitative judgement and also
the quantitative one, based on some figures of merit,
point out that the proposed method ensures an im-
proved reconstruction of shapes, sizes and resolution
in the image, even in the presence of noise.

Figure 1: Phantom.

Figure 2: Reconstruction.
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Integrated graphical user interface for the back-end software
sub-system

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

The ATLAS data acquisition and Event Filter pro-
totype ”-1” project [1] was intended to produce a pro-
totype system for evaluating candidate technologies
and architectures for the final ATLAS DAQ system
on the LHC accelerator at CERN. Within the pro-
totype project, the back-end sub-system encompasses
the software for configuring, controlling and monitor-
ing the data acquisition (DAQ).

The back-end sub-system includes core components
and detector integration components. One of the de-
tector integration components is the Integrated Graph-
ical User Interface (IGUI), which is intended to give
a view of the status of the DAQ system and its sub-
systems (Dataflow, Event Filter and Back-end) and to
allow the user (general users, such as a shift opera-
tor at a test beam or experts, in order to control and
debug the DAQ system) to control its operation.

The functional, constraint and quality user require-
ments for the IGUI are presented in [2]. The IGUI is
intended to be a Status Display and a Control Inter-
face too, so there are three groups of functional re-
quirements: display requirements (the information to
be displayed); control requirements (the actions the
IGUI shall perform on the DAQ components); general
requirements, applying to the general functionality of
the IGUI. The constraint requirements include require-
ments related to the access control (shift operator or
expert user). The quality requirements are related to
the portability on different platforms.

The IGUI has to interact with many components
in a distributed environment. The following design
guidelines have been considered in order to fulfil the
requirements: use a modular design with easy possi-
bility to integrate different sub-systems; use Java lan-
guge for portability and powerful graphical features;
use CORBA interfaces for communication with other
components. The actual implementation of Back-end
software components use Inter-Language Unification
(ILU) for inter-process communication. Different meth-
ods of access of Java applications to ILU C++ servers
have been evaluated (native methods, ILU Java sup-
port, Java IDL). Finnaly Java IDL was chosen, having
as main advantage the independence of CORBA im-
plementation.

The interaction between the IGUI and other back-
end components is presented in [3]. The IGUT reads
the list of partitions from the Inter Process Commu-
nication (IPC) server and the user can select one of
them. In interaction with the Resource Manager server
the type of the access control is decided. The run

control and data-flow configurations are read from the
configuration database. The information about the
sub-systems or components status (run control status,
lists of Process Manager agents and processes, Data-
Flow modules statistics) is read from the Information
Service (IS) or is automatically obtained using the IS
notification mechanism. The run parameters can be
set by the user and are stored in the Information Ser-
vice server. Through the IGUI the user can send com-
mands to the Run Control main components (DAQ
Supervisor and Root Controller). The user can send
commands to the MRS (to change the filter or sub-
scription criteria, to set the log control). The IGUI
can be a client of the Process Manager, allowing to
start auxiliary processes (monitoring tasks, bookkeep-
ing tasks, etc).

IGUI is designed as a Java application (JFrame).
On the left side of the frame are displayed the Main
Commands and below some major Run Parameters,
such as run and event number. On the right side
can be chosen different Panels: Run Parameter panel,
showing all the run parameters and allowing user to
set them; Run Control panel (tree and status for each
controller with the possibility to send commands to
a perticular controller); DAQ Supervisor panel (DAQ
Supervisor expert commands); Process Manager panel
(list of PMG agents and processes); MRS panel; Data
Flow panel (data flow configuration and parameters).
Other panels could be added, displaying the status of
other DAQ components or sub-systems. On the bot-
tom of the main frame there is a MRS message display
panel, showing all the received MRS messages.
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Quality assurance and quality control of nuclear analytical
techniques
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Background: Test and analytical laboratories in
East and Central European countries need to prove
the reliability and credibility of their economic, envi-
ronmental, medical and legal decisions and their ca-
pacity of issuing reliable, verifiable reports. These de-
mands imposed by the European Community aimed
at avoiding a possible barrier to trade for the develop-
ing countries. In June 1999, in order to help Member
States to develop according to EU objectives and the
overall situation of the European market, the Inter-
national Agency for Atomic Energy (IAEA) launched
a new co-operation programme designed to help the
nuclear analytical laboratories in nuclear institutions
and universities of Member States by training in the
use of some Nuclear Analytical Techniques (NAT) that
include: alpha, beta and gamma-ray spectrometry, ra-
diochemical and neutron activation analysis, total re-
flection X-ray fluorescence.

Project objective: The Regional TAEA Project,
named ” Quality Assurance/Quality Control of Nuclear
Analytical Techniques” (NAT) aims at implementing
the QA principles via a system of defined consecutive
steps leading to a level on which the QA system is
self-sustainable for formal accreditation or certifica-
tion and satisfies the EU technical performance crite-
ria; the requirements are in accordance with the new
ISO/IEC 17025 Standard/Dec.1999 ” General require-
ments for the competence of testing and calibration
laboratories” - First edition.

Participation of IFIN-HH: The Horia Hulubei Na-
tional Institute for Nuclear Physics and Engineering
was admitted for participation in the TAEA Project
in June 1999 account taken of its experience in the
QA and metrology fields and its performance in the
fields of beta and gamma-ray spectrometry, and ra-
diochemical and neutron activation analysis, employed
in both basic research and applications for external
clients. Two working groups of specialists with the
QA and Standardization & Metrology Departments
and six analytical groups with the departments of Nu-
clear Applied Physics, Life Physics and Ionising Radia-
tion Metrology are involved in the RER 2/004 Project.
The latter 6 groups deal with gamma-ray spectrome-
try, analysis of the total beta-ray spectrum, neutron
activation and radiochemical analysis.

Project plan: IFIN-HH follows the TAEA Project
plan consisting of participation in the TAEA training
workshops and proficiency tests and elaboration of QA

documents 2-3 times /year. In the year 2000 we elab-
orated part of the QA technical operation procedures
and QA Procedures of general interest, namely: ”Or-
ganization, Sample registration”, ”Report of results”,
”Relations with Clients” and other QA-Procedures ac-
cording to the ISO/TEC 17025 Standard. In April -
May 2000 all analytical working groups successfully
participated in the Proficiency Test 1 organized by
TAEA. The 2nd series of Proficiency Test measure-
ments are scheduled for May-June 2001.

The Progress Report no.2 (the 3rd in the PR series)
was the last document prepared in 2000; by means
of the last 4th and 5th Progress Reports that will be
prepared in April-June 2001 the contents of the typical
accreditation dossier of each group taking part in the
Project will be established. The QA System and QA
Manual (previously elaborated according to European
Norms 45001), will also be updated according to the
ISO/IEC 17025 Standard requirements.

The final objective of the activity in 2001 (the last
year of the project) consists of preparing valid ”ac-
creditation dossiers” with a view to securing certifi-
cation/accreditation from the national accreditation/
regulatory body; we need to operate efficiently and ef-
fectively and as soon as possible on a certified basis and
ensure high performance in the current applications on
the clients’ samples coming from various fields, includ-
ing medicine, environment, industry, forensics, geology
and archeology.

After the previous steps and evaluations by IAEA
experts, IFIN-HH got a quite good position, ranking
5th among the participating countries. Also due to its
deep involvement in the Project, IFIN-HH proposed
to IAEA to organize a training course on internal au-
diting, which plays a major part in the efficient and
credible implementation of a QA System. As a result,
IFIN-HH is pleased and honored to organize the first
International Workshop on Internal Auditing that will
be held May 2001 in Bucharest under auspices of the
International Atomic Energy Agency.

Participating in the ” QA /QC of Nuclear Analytical
Techniques” project is part of our Institute’s efforts to
keep up with the European QA level in applications, as
well as in the Standardization & Metrology fields; the
training and accreditation of the analytical laborato-
ries involved in the project will improve the institute’s
credentials as to the current offer of the nuclear field
to modern Romanian society.
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The conclusions on the Th internal contamination by ingestion
using animals
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The paper presents the results obtained in the Th
internal contamination study by ingestion. We inves-
tigated the Th biodistribution, retention and elimina-
tion using the fission track method as high sensitivity
analysis method and Wistar-London breed rats as ex-
periment animals.

Three Wistar-London breed rats (RAT 1, RAT 2
and RAT 3) were contaminated with a Th amount
corresponding to an Annual Limit Intake using a Th
solution. The animals, up to their sacrification, were
kept in normal life conditions and under permanent
observation. The rats were sacrificed at different time
intervals after their contamination: RAT 1 = 2 days,
RAT 2 = 7 days and RAT 3 = 14 days, respectively.
Immediately, after sacrification, the vital organs of the
rats were sampled. These samples were weighed, cal-
cined and re-weighed. The evacuations, for each of
the three rats, were sampled every 24 hours: urine on
the filter paper and all excrements balls. These sam-
ples were weighed before and after calcination. The
organs and the elimination samples were analysed by
track detection using the fission track micromappings
technique.

The fission track method is the method which can
visualize the distribution of the investigate fissionable
element (U, Th, etc.) in the vital organs of the con-
taminated rats. This advantage of the fission track
method, used in our experiment, led us to conclude:

e the Th was retained in all vital organs of the
contaminated rats, in particularly in liver, lung,
stomach and small intestine;

¢ all investigated organ samples presented a non-
uniform Th distributions, but only the RAT 1
organs presented a lot of inclusions which were

ranging from 1 ppm up to 24 ppm Th concen-
trations. For the others two rats, the Th distri-
bution were non-uniform too, but without inclu-
sions. The absence of inclusions for the RAT 2
and RAT 3 which were sacrificed at 7 days and
14 days, respectively, after contamination shows
that the rat organisms tend to gather the Th in
inclusions because Th is considered as ”intruder
element” and must be eliminate;

e the elimination of the Th intake was higher by
urine than by excrements. For all rats, Th was
eliminated in proportion of aprox. 98 per cent
in the first three days after their contamination.
The micromappings of the elimination samples
during these three days presented a non-uniform
Th distribution with a lot of inclusions with con-
centrations were ranging from 35 ppm up to 1300
ppm for the urine samples and from 6.6 ppm up
to 28.9 ppm for the excrements samples;

e from the medical state point of view, the blood
test, for the three rats internal contaminated by
ingestion with Th revealed the normal values of
the hemoglobin and a exponential increase of
the leukocyte values (leukocytosis) without toxic
granules.

It is note that the results obtained in the study of
Th internal contamination by ingestion using the fis-
sion track method could be useful and important in
a conception of certain biological and medical studies
regarding internal contamination with fissionable el-
ements (U, Th, Pu, etc.) which require a numerous
subjects for investigation. For such studies our data
can be helpful for the establishing the steps as well as
the critical organs which need to be investigated.
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It is well known in many cases thin layers with
specific properties fulfil the same demands as former
bulk materials and, although they seem to be more ex-
pensive, the general tendency has proven them to be
cheaper. Therefore it might be a permanent task for
physicists to develop methods, so far only applied in
scientific laboratories, to a standard that might be fea-
sible and economically justified to use them to a much
larger extent. The reason for the very slow introduc-
tion of new analytical techniques is certainly the fear
that instruments and apparatus used in basic research
do not fulfil the standards of reliability, permanent
availability and easy handling, which are important
requirements for industrial applications [1 - 3 ].

The knowledge of the slowing down of ions in tra-
versing matter is of fundamental importance in meth-
ods of materials analysis using beams of charged atomic
particles, Depth perception follows directly from the
energy lost by the probing particles and the energy
loss affects both quantitative and compositional anal-
ysis. The physics of energy loss phenomena is very
complex, involving many kinds of interactions between
the projectile ion, target nuclei, and target electrons.
Because of their significance in many fields of physics,
these phenomena have been subject to intense stud-
ies since the beginning of the century. The theoret-
ical treatment has been reviewed, among others, by
Bohr (1948), Whaling (1958), Fano (1963), Jackson
(1962,1975), Bichel (1970), Sigmund (1975),
Ahlen (1980), Littmark and Ziegler (1980), Ziegler
(1977, 1980), Ziegler et al. (1985). The experimen-
tal methods have been reviewed and investigated by,
e.g., Chu (1979), Brauer (1987), Mertens (1987), Pow-
ers (1989).

- Two well known phenomena can be used for the
production of v-rays in bombardments with charged
projectiles:

a) nuclear reactions involving incident energies near
and above the Coulomb barrier; in this case vy-rays
arise from the de excitation of the product nuclei.

b) Coulomb excitation for incident energies below
the Coulomb barrier; here the excitations of the nu-
cleus by the interaction of its Coulomb field with that
of the bombarding nucleus is a purely electromagnetic
process. In the first stage of this project, the theoret-
ical considerations and their consequences for analyt-
ical possibilities will be considerate. The overwhelm-
ing majority of the excitations in the Coulomb exci-

tation are the electricquadrupole transitions (E2). All
particularities of this type of transitions will be eval-
uated.[4,5]. 8A dedicated beam line with the target
chamber and spectrometric setups has been realized
and experimented, in order to compete with Euro-
pean standards . The experimental thick-target yields
and detection limits for 20 elements in many matrices
will be analyzed. Coulombian excitation by different
charged particles, like p, ?Be, ''B, *N, 35Cl will be
experimented.

- A special attention will be allocated for CE by
heavy ions (33Cl, 55 MeV). For this quantitative anal-
ysis, because of the energy range, the used formulae
from the Bethe equation for stopping power cannot be
applied and then we propose a new methodology after
the actual programs and theories [ 7,8,9 ].

- To test the validity of our approximation, some
standard samples from the ” Bureau Communautaire
de Reference” in Brussels will be used. The heavy-ion
beams will be produced at the IFIN-HH Tandem, 8
MYV on terminal.

References

[1] K.Bethge, Accelerators in materials research,
(1995 Kluwer Academic Publishers, Proceedings
of the NATO Advanced Study on ” Application of
Particle and Laser Beams in Materials Technol-
ogy”, 287-381

[2] J.P.F. Sellschop, S.H. Connell, Elemental isotopic
and structural analysis using ion beams, Nucl. In-
str. Methods in Phys. Res.B85 (1994), p.1-20

[3] G.Blondiaux, J.L. Debrun, Charged particle acti-
vation analysis, Ed. J.R.Tesmer, M.Nastasi, 1995,
Materials Research Society, 9800 McKnight Road,
Pittsburg, PA 15237 USA, p. 205-230

[4] B. Borderie, J.N. Barrandon, B. Delaunay, M. Ba-
sutcu, ”Use of Coulomb excitation by heavy ions
(3*Cl, 55 MeVO0 for analytical purposes: possibil-
ities and quantitative analysis”, Nuclear Instru-
ment Methods 163, 1979, p.441-451

[5] E. Dragulescu, M. Ivascu, R. Mihu, D. Popescu,
G. Semenescu, Coulomb excitation of levels in
143Nd and 14°Nd Nuclear Physics A 419 (1984);
148-162.



Applied Physics

101

On the radioactivity of water and sediments from the Danube river
significant cross sections during autumn 1998

LI Georgescu ', Gh.D. Baran®, A.I. Pantelica?, M.N. Salagean?, A.G. Scarlat?

! University ” Politehnica”, Faculty of Industrial Chemistry
2NIPNE-HH, Department of Applied Nuclear Physics

Gamma-ray spectrometry method was used to de-
termine '37Cs, 226Ra, 222 Ra and %°K activity concen-
trations of bottom sediments and surface water (sus-
pended matter) collected from significant verticals of
two Danube cross sections by the National Institute
of Meteorology and Hydrology (INMH) in Bucharest,
during November 1998. The Danube cross sections
studied were Bazias, km 1072.4 (at the Danube en-
trance in Romania) and Ceatal Izmail, km 80.9 (at
the beginning of Danube delta). Five significant ver-
ticals at Bazias (from the left bank to the middle of
the river) and nine at Ceatal Izmail (from the right
bank to the left one) were investigated. Numeration
of these virtual (approximately equidistant) verticals
(V;) starts from the Romanian bank (the left side at
Bazias and the right side at Ceatal Izmail). The same
”packet” of water was considered in the two locations
at a time interval of 8 days.

For 137Cs, a higher mean level was found at Bazias
than at Ceatal Izmail (of about 2 times for sediments,
and 2.7 times for water. '*7Cs maximum values of
(12.70.5) Bq kg~ ! in sediments and (8.81.8) Bq m 3
in water were determined.

Concerning the natural radioactivity of 226Ra,
228Ra and 9K, maximum values of (40.10.5) Bq kg *
for 226Ra, (43.01.5) Bq kg ! for 28 Ra and (61212) Bq
kg~! for 4°K in sediments at Ceatal Izmail were mea-
sured. For sediments, the 226Ra, 22®Ra and *°K mean

levels were determined to be higher at Ceatal Izmail
than at Bazias (of about 1.6, 1.7 and 1.5 times, respec-
tively), while for water no notable differences between
the two cross sections were observed.

The variation of the radioactivity on different sig-
nificant verticals of the investigated cross sections was
put in evidence in the case of sediments. For '37Cs,
activity concentration values at Bazias are found to be
similar with those at Ceatal Izmail on verticals from
the same (left) side of the river, except for V3 of about
3 times higher. At Ceatal Izmail, a rather constant
level was measured for '7Cs, except for the verticals
from Vi to V3 on the right side of the river, with val-
ues of about 8 times lower. Concerning 22Ra, ?28Ra
and 4°K in sediment samples, at Ceatal Izmail higher
levels (of about 1.5-2.5 times) were determined on the
verticals from V; to V3. At Bazias, approximately
uniform distribution was found for 226Ra and 22®Ra,
while values of about 2 times higher were determined
for °K on the verticals ¢ (the left and central part of
the river).

In the case of water, no significant variation was
determined, except for 226Ra at Ceatal Izmail, with a
higher level on the verticals V; and V, (maximum of
(37.6 4.5) Bqm~3 on Vy).

The radionuclide distribution in a cross section can
be correlated with the mineralogical structure of the
bed river and the possibility to retain ions in the crys-
tallographic lattice.
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During the fossilization process, elemental contents
of the buried materials are modified by different physi-
cal, chemical and biological factors, such as ground wa-
ter flow and degree of aeration, chemical composition
of the soil, bacterial activity, the process being influ-
enced by the climatical conditions. Bone tissue, by the
calcium phosphate mineral (hydroxyapatite) in the ex-
ternal part and organic component (fat and collagen)
in the inner part, has proved to be a proper substrate
for minor elements accumulation. The uniform in-
creasing of certain elemental concentrations during the
fossilization process is generally used in paleoscience
for the age dating 1-4.

Instrumental neutron activation analysis (INAA)
method was used by us to investigate Al, As, Au, Ba,
Br, Ca, Co, Cr, Cs, Fe, Hf, K, Mg, Mn, Na, Ni, Rb,
Sb, Sc, Se, Sr, Th, U, V, Zn, and of the rare earth
elements Ce, Eu, La, Lu, Nd, Sm, Tb, Yb contents
of two different fossil materials discovered in Roma-
nia during 1995-1996: Elephas primigenius mammoth
mandible bone (1.5-2 million years age) and Pecten
solarium shell (20-25 million years age). Mammoth
mandible bone samples were taken both from the ex-
ternal and the internal part of the bone. Shell frag-
ments were taken in association with the surround-
ing rock samples. Irradiations were carried out at the
VVR-S reactor in Bucharest (neutron fluence rate 2.3
x 1012 ecm ™2 s71) and at the TRIGA reactor in Pitesti
(neutron fluence rate 5 x 10*® cm~2 s71).

For the mammoth mandible bone (relative high
contents of U and P) corrections were done for the
uranium fission and (n,y)S~ contribution to Ce, La,
Nd and Sm concentrations, and for the phosphorus in-
terference in Al determination. It was taken in account
that 141 Ce, %La, '4"Nd, '53Sm isotopes are originated
not only by the neutron activation reactions of these
elements, but also from the 8~ decay chains of the ura-
nium fission products; for 153Sm, spectral interference
with 103.65 keV X-ray of 2*°Pu (by 8~ decay of 2*°Np
from uranium (n,y)3~ activation reaction) occurs®. In
the case of Al, phosphorus interference is due to the
31P(n,a)?8 Al reaction.

The majority of the analyzed elements in mam-
moth mandible bone are found to be in a higher con-
centration in the external than in the internal part of

the bone: the highest concentration ratios are deter-
mined for the rare earths elements Th (147), La (84),

u (80), Ce (76), and relative high concentration ra-
tios are obtained for Nd (38), Sc (30), Lu (20), Yb
(14), U (12.5), Co (11.4). Lower concentrations in the
external part of the bone, in rapport to the internal
part were determined only for Al, Rb, K and Sr, while
about the same concentration values were measured
for Ca and Mg. Uranium content of (320 8) pg g~!
was found comparable to 610 ug g~ U3Og of the Ele-
phas planifrons bone from the Pleistocene period!. It
is in agreement with the anthropological estimated age
for the analyzed mammoth sample.

For the shell fossil, by comparing with recent ma-
rine shells from the Romanian Black Sea coast, elemen-
tal concentrations correspond to the following ratios:
Sc (67), Eu (20), Cr (16.5), Co (15.8), Fe (14.3), Al
(11), Zn (10,8), Sm (8.1), Ce (5.1), Ba and La (4.1),
Mn (3.8), Th (2.3), Mg (1.7); similar concentrations
were determined for Ca and Na, while a lower value
for Br (ratio of 0.025) was obtained.

This is a preliminary study of the Romanian fos-
sils from the Tertiary era, in order to try a correlation
between the anthropological estimated age and the mi-
croelemental contents.

References

[1] Z. Goffer, Archaeological Chemistry, ch. 16, John
Wiley&Sons. Inc., N.Y., 1980.

[2] R.B. Parker, H. Toots, Geological Society of
America Bulletin, Vol. 81 (1970) 925.

[3] Cs.M. Buczko, J. Czikai, J. Nemeskery, Acta
Physica Academiae Scientiarum Hungaricae, 53,
(1-2) (1982) 165.

[4] G. Wesse, F.H, Ruddy, C.E. Gustafson, H. Irvin,
Archaeological Chemistry II, Giles F. Carter,
Editor, Eastern Michigan Univ., Advances in
Chemistry Series, 171 American Chemical Soci-
ety, Washington DC, 1978.

[5] P. lla, P. Jagam, G. K. Muecke, J. Radioanal.
Chem., 79 (1983) 215.



Applied Physics

103

The preliminary studies on production of Pd-103 therapeutic
isotope at the U-120 cyclotron

D. Dudu', V. Popa?, P.M. Racolta®, Dana Voiculescu?

I NIPNE-HH, Cyclotron Laboratory
2NIPNE-HH, Nuclear and Vacuum Engineering
3NIPNE-HH, Applied Nuclear Physics Department

All the radioisotopes used in nuclear medicine are
produced artificially using either a nuclear reactor or
a cyclotron. By attaching suitable chemical labels to
the radioisotopes, radiopharmaceuticals are obtained,
which can be made to seek a desired organ by taking
part in the metabolic processes. When radiopharma-
ceuticals are injected into the human body and specif-
ically taken up by an organ of choice, a lack of uptake,
or delay in uptake, denotes loss of function in the organ
[1,2].

Therapeutic radioisotopes are used in a range of
different techniques and which can be divided into
teletherapy, brachytherapy or radiopharmaceutical
methods.

Although the majority of the radioisotopes used in
nuclear medicine have been produced from research re-
actors for over 45 years and the methods are generally
well established, several new initiatives and develop-
ments have occurred recently.

One example is '°3Pd which is one of the few accel-
erator generated isotopes to be in common use for ther-
apy, in this case as a short-lived isotope for permanent
implant treatment of prostate cancer. Historically,
103pd used to be generated via the 1°2Pd(n,y)1%?Pd re-
action which relied on the availability of 1% naturally
abundant '°2Pd in an enriched form and its moder-
ately high neutron capture cross section. However this
method would not produce sufficient amounts of this
short-lived isotope, which needed regular, supply cycle
of 2-4 weeks. So a new method was devised based on
the reaction °3Rh(p,n)!%3Pd by using the accelerators
with rather low energy protons (8-18MeV). Starting
with 1987 the encapsulated °3Pd source became com-
mercially available in the USA, where a company now
operates more than 10 dedicated accelerators to pro-
duce this nuclide. Recently a manufacturer in Europe
also brough his patent type of '93Pd seed implants to
the world market [1,2].

The primary objective of the present Project is to
extend the related applications for radioisotope pro-
duction of our U-120 Cyclotron (p, d, 14MeV max.
energy). The preliminary experiment were made us-
ing the stacked foil 8activation technique. Four stacks
containing high purity 25 pm thick Rh foils were ira-
diated in the external beam of the U-120 Cyclotron.
The incident energy of protons was 14MeV. The X-ray
complexes of the de-excitation of the 1°3Rh daughter

nuclei (K a and K ) and 4-line 39.7keV were ana-
lyzed.

Specific technologies will be developed for the con-
struction materials used in production target, target
chemistry, the transport and interaction of particle
beams and irradiation conditions. The existing tech-
nology, in the world, for the electrodeposition of Rh
onto metal plates (Cu, Al etc.) and chemical removal
of Rh, the electroplating of Pd on graphite sheet or an
adsorbtion of Pd on a resin will be studied also.

It is also expected that using theoretical and ex-
perimental investigation carried out in the framework
of this project, the existing knowledge related to the
cross-section and yield of nuclear reactions: °*Rh(p,n)
103pd and 19°Rh(d,2n)'%®Pd well be extended .

A special attention will be paid to the collabora-
tion between our institute and medical research cen-
ters in order to perform, for the first time in our coun-
try, this 1°3Pd clinical using and to establish the stan-
dart procedures for its uses. '93Pd is a short-lived
radioisotope and therefore is very difficult to obtain it
from other countries. The production cost of this iso-
tope will be an important aspect. The research will
be finalized with quality assurance (QA) procedure
standards.According to specific objectives mentioned
above, the work plan for this project is the following:

A) Design and adaptation of a dedicated beam line
at IFIN-HH Cyclotron for the '°®Pd experiments.

B) Experiments to choose the optimum beam pa-
rameters and to select between protons and deuterons
beams.

C) Experiments to chose and optimise the target
and irradiation conditions.

D) Experiments to establish the procedures for the
post irradiation characterization of the 1°*Pd radioiso-
tope according to the radiobiologic rules and the re-
quests of medical specialists.

This project is partialy financed by ATEA Vienna.
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Positron annihilation spectroscopy has emerged as
a highly sensitive, nondestructive probe to study the
nature, concentration and spatial distribution of de-
fects in materials [1-9]. The U-120 cyclotron is a clas-
sical variable energy machine, 120 cm diameter mag-
netic poles, able to accelerate protons and deuterons
up to 14 MeV and a-particles up to 27 MeV.

The 8V and 2?Na positron sources production ded-
icated to off-line experiments has basically two options
for placing the Ti and Mg foil targets. The first is to
place the target inside the cyclotron’s chamber, just
near the extraction plate.

The second position is in the beam line, immedi-
ately after the first group of two focusing lens, where
the beam intensity may reach 20 pA. The reactions
used were *8Ti(p,n)*®V and 2*Mg(d,a)??Na, the inci-
dent proton and deuteron beams energy was 14 MeV.

We used these sources for testing the performances
of our installations and detectors in Doppler broaden-
ing measurements on copper, lead, aluminium and in-
dium. The 2?2Na source will be used in positron lifetime
measurements with a fast coincidence device equipped
with two fast detectors from LISES - Laboratory - Mol-
davia [10, 11].

The positron source project is now in its initial
stage. Our target proposal is basically a thin alu-
minium desk foil fixed between two aluminium plates,
all rotating with a speed around 5 rev/s in the beam.
We chose this solution with the rotating foil, because
it looks more reliable than a fixed thin foil cooled by
some fluid. The nuclear reaction 27Al(p,n)?"Si wich
decays 81 100% by emitting positrons having the max-
imum energy at 3.85 MeV with a half-time of 4.16 s
will be used. For radiation dose reasons, it is recom-
mended to place this target inside the cyclotron’s room
and to drive out the positron beam only.

The positron beam has to be transported out of
the cyclotron’s room, where the radiation level is very
high, into another experimental room, to assure low
background  for  performing  high  accuracy

measurements.

This transport line will be designed in the next
stages of the project. One solution we are analyzing
now is the bunching after the electrostatic extraction
system and then accelerating it in a chain of resonant
cavities, in order to compress the transportation effi-
ciency.

For annihilation experiments we need to tune the
incident positrons energy, in order to adjust the anni-
hilation depth, and also we like to control the beam’s
spot from a few mm down to a few microns as well as
to control the spot position.

Building such a facility on-line with our cyclotron
opens new perspectives for our positron applications.
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An efficient and precise method for wear testing is
Thin Layer Activation (TLA) [1-3], which is based on
the production of a thin layer of radioisotopes in the
component surface by bombardment with a charged
particle beam. These radioisotopes disintegrate with
the emission of a characteristic gamma radiation that
can be detected with thallium activated sodium iodide
Nal(Tl) detectors. Since the material loss due to wear
or corrosion is directly proportional to the loss in ra-
dioactivity of the activated surface, the wear/corrosion
can be monitored in real time. Alternatively the in-
crease of the activity of the removed material debris
collected in an oil bath of engine or in a filter also
gives a measure of wear. The application of TLA and
UTLA (ultra TLA - by recoil implantation) techniques
presupposes the establishment of the optimum work-
ing and measuring conditions for the following stapes:
irradiation, post irradiation, and ”in situ” measure-
ments.

Having in view the diversity of components sub-
jected to wear or corrosion, for TLA-based studies,
dedicated beam lines for in-air or vacuum irradiation
and translating/rotating target holders must be de-
veloped around the U-120 Cyclotron. The project of
these improvements has been finished.

The modified IFIN-H.H U-120 cyclotron from
Bucharest is a classical variable energy machine that
can accelerate protons up to 14 MeV, deuterons up to
13.5 MeV, and alpha particles up to 27 MeV. At this
machine, TLA has mainly been used for studies of var-
ious parts of running machines on test benches such as
2piston - rings and linear cylinders, also for lubricant
characterization. [4-6].

The main advantage of TLA compared to conven-
tional techniques for wear measurements is its ability
to perform continuous in situ wear measurements of
engine components, such as cylinder liners and piston
rings, without the need to dismantle the components
investigated. In addition high wear sensitivity and res-
olution of wear down to nano meters dimensions is
guaranteed.[6]

Although the level of activity used in TLA lies un-
der the limit of the range considered to be safe from
the point of view of radiation protection, industry hes-
itates to use this technique mainly due to psychologi-
cal reasons with respect to the handling of radioactive
material. Recognizing this problem we have decided

to offer to industry wear/corrosion measurements us-
ing TLA and UTLA in the form of a ”complete pack-
age”. This means that surface activation of compo-
nents in our accelerators and the subsequent wear mea-
surements in the engine test facility are performed on
the same site without the need of transportation of ac-
tivated components over long distances. This enables
industry to obtain reliable wear data in a short time
without building on expensive test bed and without
the need of handling radioactive material. This objec-
tive will be performed in collaboration with the spe-
cialists from CNRS-CERI Orleans -France and JRC-
TAM Ispra, Italy.

Some experiment in order to develop the UTLA
method for wear and corrosion studies have been start-
ed. The tandem Van de Graaff accelerator - 8 MV on
terminal will be use, in this project, in order to char-
acterize the surface layers and tribological phenomena
(Cu, Sn, Ce etc. migration ) by other ion beam based
techniques RBS, NRA, PIXE, CE, HICE and ERDA
techniques.
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Dental composites, made by particles of glass, ce-
ramics or quartz embedded in an organic polymer ma-
trix, extensively replaced silver amalgam in tooth fill-
ings and enabled new applications for restorative den-
tistry. Long-term alteration of dental fillings together
with market pressure motivates the development of
composites at a high rate, largely by progress of ma-
terials forming their mineral phase. Therefore, den-
tal composites constantly bring at the interface with
enamel and dentine new elements foreign to the or-
ganism, whose biological action has not been studied.
Atomic and nuclear methods for surface multielemen-
tal analysis have been used in dental research [1] but
not for composites. X-ray fluorescence (XRF') is suited
for the fast microanalytical screening of the elements
and of their changes at the biomaterial’s surface [2, 3].

The potential of radioisotope-excited XRF for the
analysis of dental composites has been examined. Flat
disk-shaped samples of composites have been prepared
and polymerized chemically or by irradiation with in-
tense 420-500 nm light. The measurements were per-
formed with a spectrometric chain containing a 30 mCi
source of 24'Am, a Si(Li) detector, and a multichan-
nel analyzer. The spectra were accumulated for 2000-
6000 sec. The characteristic X lines were integrated
and normated to source lines.

The following 7Z > 20 elements were detected in
the studied composites: Ba only in Charisma (Kulzer)
and Pekafill (Bayer); Zr, Ba, Yb in Tetric Ceram,
and Ca, Ba, Yb together with traces of possibly Ti
and Fe in Ariston (both from Vivadent); Zr, Hf in
Valux Plus (3M Dental); and Sr, Ba together with
some trace element, seemingly Cu, in F2000 Com-
pomer (3M Dental) and with other trace elements like
Ca, Fe in Surefil (Dentsply). Among older materials,
Concise (3M Dental) contained only light (Z < 20)
undetectable elements, while in Evicrol (Spofa) and
Alphaplast (DGM) were evidenced only Ca and Fe.
With the exception of Charisma and Pekafill, XRF evi-
denced a specific elemental composition in each bioma-
terial (Fig. 1). Yb in Tetric Ceram and Ariston enters
as YbF3 that releases F- for protection of enamel and
dentine. Yb, Zr, Ba, Hf improve the radiological opac-
ity of the materials. Some elements may accompany

others as contaminants.

Tl by W oyl
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Figure 1: Logarithmic plot of the uncorrected rela-
tive intensities for characteristic X-rays of dominant
elements in dental composites.

The results suggest that XRF excited with soft ~
photons is valuable especially for fast analysis of dom-
inant inorganic elements with Z > 20. Although the
identification of trace elements was not always certain
due to spectral overlap, the method is very useful for a
fast multielemental analysis of composites. It could be
used also for the expertise of these biomaterials (e.g.
in customs and commercial applications).
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Ceramic materials are anticipated to play very im-
portant roles in developing nuclear fusion reactors,
where they will be used under heavy irradiation en-
vironments (neutrons, gamma-rays, protons, helium
and other ions) for substantial periods for the first
time. Three key ceramic materials being considered
are Al;O3, BeO and AIN; while publications dealing
with these materials are available, the database is in-
complete and uncertainties are large concerning the
solubilities, diffusivities, trapping and release of tri-
tium in materials, particularly during irradiation.
Among the important applications of fiber optics envi-
sioned for the near future are light pipes for monitoring
Tokamak fusion reactor plasma conditions. These ap-
plications will make unprecedented demands for hard-
ness against optical attenuation induced by moderate
to very high doses of gamma rays and neutrons. In par-
ticular, fibers for these tasks will be required to main-
tain good transmission over the entire visible range
(400 - 700 nm). We intend to start a general pro-
gramme on gamma and proton induced degradation in
optical transmission materials, including windows and
optical fibres. As a first step, we shall concentrate on
assessing the suitability of SiOs based materials. The
main characteristics of Bucharest irradiation facilities
are:

-IRASM IRRADIATOR: 200 kCi °Co ”swimming
pool” irradiation source, minimum 2 kGy/h with an
isotropic dose rate up to 1 Gy/s, ethanol chlorine ben-
zene dosimetry, ionization chamber dosimetry, ESR
dosimetry;

- HVEC 8 MV FN TANDEM: protons up to 16
MeV and 200 nA, alpha particles up to 21 MeV and
50 nA, O, C, N ions approximately 100 MeV up to 50
nA;

- DISKTRON (600 kV, ECR source): hydrogen
isotopes up to 600 keV and tens of microamperes.

The following main milestones for the project have
been achieved for 2000:

-Designing a gamma irradiation chamber, acting
underwater, allowing various temperatures (20-300°
C) on the sample; this involves finding adequate solu-
tions for dosimetry, heating system and UV absorption
and radioluminescence apparatuses (including their in-
formation transmission systems) acting in a very in-
tense gamma ray field in the water pool of the °Co
irradiator;

- Designing a high energy proton irradiation cham-
ber, acting in high vacuum, allowing various tempera-

tures on the sample in the presence of irradiation pro-
ton beam heating (1 mAx1 MeV = 1 W); this involves
finding adequate solutions for dosimetry, heating sys-
tem and UV absorption and radioluminescence appa-
ratuses working in high vacuum conditions.

During an experiment of PAA (Proton Activation
Analysis) on gold coins at our TANDEM, we have
tested the maximum intensity of 15 MeV proton beam
which can be obtained now on a metallic target: 200
nA. To upgrade this value, some improvements, espe-
cially for the ion source and the low energy transport
system inside the accelerator, have been decided. The
existing usual dosimetry at the TANDEM can be also
used for our future experiments. As concerning the ra-
dioactivity induced by 15 MeV protons in the samples,
our conclusions are:

- for iron: the main radioactivity is - for iron:
the main radioactivity is from (91.72%) 56Fe(p,n)*¢Co
(Ty)2 = 77.4d): 10 p Ci/u A x hour, which means
for 100 ppm Fe at 10'7 protons 5 nCi and at 108 pro-
tons 50 nCi. Under the level of 100 nCi for °6Co, the
handling rules are not severe.

- for copper: the main radioactivity is from (30.9%)
5Cu(p,n)%Zn (T /= 245 d): 2.5 p Ci/u A X hour,
which means for 100 ppm Cu at 107 protons 1.25 nCi
and at 10'® protons 12.5 nCi.

- for magnesium: the radioactivity comes from 24Na
(Ty/2= 15 h), which disappears after 4-5 days and,
more important, from (10%) *Mg(p,*He)**Na (T o=
2.6 y): 20 nCi/p A x hour, which means 100 nCi at
107 protons and 1000 nCi at 10'® protons for a sample
with magnesium as main component (e.g. sapphire).
The main problem is the influence on luminescence
and absorption measurements (background?).

- for sodium: the main radioactivity is from (100%)
2Na(p,d)??Na, which a contribution of 0.5 nCi for 100
ppm Na at 10'7 protons and 5 nCi at 10'® protons.

- for other possible impurities (Ca, Cr, F, etc) af-
ter 100 hours cooling time the radioactivity disappears
The main problem related to the presence of the ra-
dioactivity (gamma, X-rays, electrons) in the samples
is its influence on luminescence and absorption mea-
surements.

For optical fibers metal jacketed the composition
of the jacket is essential (especially the presence of
Fe, Cu, Ni generates problems). As concerning the
semiconductor lasers, the presence of a relatively thick
metallic jacket must be considered as an impediment
for our experiment.
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Wet storage of nuclear spent fuel from nuclear research reactor
WWR-S, IFIN-HH

A. C. Dragolici', A. Zorliu!, C. Petran', I. Mincu'
I NIPNE-HH, Nuclear Research Reactor, 76900 Bucharest, Romania

Nuclear research reactor WWR-S of IFIN-HH was
commissioned on 29 July 1957 and shut down on De-
cember 1997. Now it is in Conservation State. Dur-
ing the 40 years of function, the reactor worked on
about 150.000 hours at variable powers between 5W
and 3500KW, producing a total power of 9510MWday.
After 20 years of operation a large number of spent
fuel elements became available for storage exceeding
the stocking capacity of the small cooling pond near
reactor. Therefore, in 1980 was commissioned the nu-
clear spent fuel repository that contains at present all
the fuel elements burnt in the reactor during years,
minus 51 S-36 fuel assemblies which are conserved in
the cooling pond. This repository contains 4 identical
ponds, each of them having the depositing capacity
of 60 fuel assemblies. Every pond having the out-
side sizes of 2750mm (length) x 900mm (breadth) x
5700mm (depth), is made from a special aluminum al-
loy (AlMgs), with the walls thickness of 10mm and
bottom thickness of 15mm. Pond’s lids are made from
cast iron having the thickness of 500mm, they provide
only the biological protection for the maintenance per-
sonnel. A 1.5m concrete layer provides the lateral bio-
logical protection of the ponds. Over the fuel elements
in every pond we can find a 4.5m water layer, which
play the role of biological protection and coolant. In-
side the ponds exists an aluminum rack, which con-
tains 60 places for fuel storage. The rack net step was
determinate from critical considerations and it is equal
with the rack net step from the cooling pond near the
reactor. To have supplementary protection in the case
of an accident which can destroy the entire rack and
put together all the fuel elements thus forming criti-
cal mass, cadmium plates were placed on the ponds
bottom for a better neutron absorption. Exploitation
of cooling pond near the WWR-S reactor which has
the identical structure with that of nuclear spent fuel
repository, demonstrate the reliability and robustness
of this type of repository. The ponds are supplied with
distilled water from reactor tank No 1. The spent fuel
assemblies used in the WWR-S reactor and stored in
this repository contain two types of fuel: the EK-10
153 pieces and the S-36 70 pieces. The EK-10 and
S-36 fuel assemblies have the same shape but distinct
numbers of fuel roads and different percentage of U-
235 enrichment. So, the EK-10 contains 16 fuel roads
and 10Total activity of the fuel assemblies is about
10.69x10* Ci. The most important fission products in
fuel roads are Sr-90 and Cs-137. Depending on fuel

assembly type the calculated values of the activity of
these elements are:

1. EK-10, Sr-90 — 7.14 x 10% Ci; Cs-137 — 7.67
x 10% Ci

2. C-36, Sr-90 — 8.21 x 10% Ci; Cs-137 — 8,08 x
103 Ci

From the gamma spectrometry analysis performed
on water samples from storage ponds it was observed
the dominant presence of Cs and of various another
nuclides. The presence of Cs in the water is due to
fuel roads flaws, the appearance of pores and cracks
because of fuel manipulation in active core of the re-
actor or in the storage pond or because of corrosion
pits due to a low quality of water. The manufacturer
have specified the water conditions for the EK-10 and
S-36 fuel assemblies, which they believe will avoid cor-
rosion problems are displayed in table 1.

Table 1: Water parameters.

Parameter EK-10 C-36
pH 55-75 55-6
conductivity 5 uS/cm | 2-3.3 uS/cm
constant residuals | 8 mg/l 1 mg/l
corrosion products - 1 mg/1
Cl- - 0,02 mg/1
(0P - 8 mg/l

The TAEA recommends values of 1 pS/cm, but
values up to 2uS/cm might be accepted if the chlo-
rine, copper and sulphate concentrations are very low.
To maintain this parameters of the water in concor-
dance with TAEA recommendations, it was designed
and realised a filtration installation for the distilled
water produced at the reactor. Till this installation
will be assembled the water chemistry is permanent
monitored and if the quality is not good it will be
replaced. An other problem is the detection of fuel as-
semblies with leakages. For this purpose was designed
a special device for detecting and isolation of fuel as-
semblies with flaws. We intend to elaborate a solution
to confine the leaky fuel in a sealed aluminum cladding
and after that to re-store it in the pond. Through this
methods of detection, isolation and through a strictly
water conditions we hope to extend the storage period
till 30-40 years until the properly technology of final
disposal will be choosed and approved.

Ref.: Workshop on Characterization, Management
and Storage of Spent Fuel from Research and Test Re-
actors
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Molecular dynamics in bitumen compounds.
A combined study by NMR and neutron scattering techniques

R. Grosescu!, V. Tripadus!, L. Craciun', M. Peticila?, O. Muresan !

! National Institute of Physics and Nuclear Engineering - Horia Hulubei, Bucharest-Magurele
2 Center of Technical Research and Informatics for Roads, Bucharest

The comparative studies by the combined NMR
and neutron scattering techniques opened new possi-
bilities for the investigations of the molecular struc-
tures and molecular dynamics in liquids as well as in
solids. One of the first works of this type, reported
in the literature was carried out in our Institute on
supercooled liquid phenol [1].

Later, the idea was extended to molecular crystals
by a joint research project, between IPNE-Bucharest
and Max-Planck Institute-MD Heidelberg, using ad-
vanced solid-state NMR and stronger neutron fluxes
[2]. Here, we report preliminary results of the com-
bined NMR and neutron scattering investigations on
bitumen compounds that are micellar structures with
important industrial applications. The goal of the
study is to bring information about the molecular dy-
namics in various phases of these compounds and on
this basis to test and/or improve their microscopic
models.

The neutron scattering measurements were carried
out at IBR-2 high flux reactor at JNIR-Dubna. The
neutron energy in the incident beam was 4.43meV and
scattering angles ranged from 6° to 134°.

energy (meV)
45 50 55 6.0

Figure 1: The quasielastic neutron scattering lines at

different angles
The scattered neutron spectra at room tempera-

ture are shown in Fig. 1, for several angles. The
quasielastic peak gives direct information about the
molecular dynamics via the linewidth dependence on
the transfer momentum k2. On this basis we calcu-

lated an overall diffusion constant D,, = 1.26*10 "cm?/s.

D, is a superposition of contributions from the various
rotational diffusions as well as the Translational diffu-
sion The neutron scattering data can hardly distin-
guish between them. This ambiguity can be partially
removed by the information brought in by NMR.

The temperature dependence of the NMR spin-
lattice relaxation time 77 of ESSO-bitumen, measured
at w,/2¢ = 25M Hz indicates several particular fea-
tures (see fig. 2):

TinT1 . u experimental
b ate

1000/T(K)
T T

Figure 2: Temperature dependence of the spin-lattice
relaxation time T}

a) The relaxation process cannot be explained by a
single relaxation mechanism. The superposition of two
V-type mechanisms produces a reasonable agreement
with experimental data;

b) These two-mechanisms should be associated with
two simultaneous and independent reorientational molec-
ular motions characterized by the correlation times
Te(1) = 7o (i).exp[Eq (1) /kT] cu i=1,2 According to this
model, by a fitting procedure, we found 7.(1) = 20.10"?s,
7.(2) = 0.44.10%s at T=293 K.

A better insight of the molecular motion process
is reached if one observes that the NMR and neutron
scattering outputs are not independent. In the partic-
ular case of reorientational motions mentioned above,
they are related by ”the ellipse of diffusions”:

(a1)?/7e(1) + (a2)?/7e(2) =6.D (1)

where a1 and ay are the radii of the molecular frag-
ments involved in the motion and D is the overall dif-
fusion constant.

For the particular case of the ESSO-bitumen eq.
(1) leads to a; < 104 and az < 1.5A. These values can
be used to identify the moving fragments. In general,
eq. (1) can be an useful tool whenever the system is
heterogeneous and complex. NMR delivers 7.(1) and
7.(2), the neutron scattering delivers D = D,, and
eq.(1) sets limits on a; and as which are used to test
models for microdynamics.

References
[1] V. Tripadus et al., J. Chem. Phys. 60, 2832 (1974)

[2] R. Grosescu et al., J. Mag. Res., 53, 213, (1983)
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Standardization of a large area alpha and beta sources with a
window-less multi-wire proportional counter

E.L. Grigorescu !, Maria Sahagia®, A.C. Razdolescu', A. Luca', C. Ivan'!
INIPNE-HH

In The Radionuclide Metrology Group of IFIN-
HH, a mesurement system was assembled and tested
for the absolute standardization of large area alpha
and beta sources. Such sources are employed to cal-
ibrate a variety of contaminometers. A window-less
multi-wire proportional counter, donation of the ”Lab-
oratoire National Henri Becquerel” (LNHB), Saclay-
France, was used, with pure methane as flowing gas.
The needed electronics (high voltage, amplifier, dis-
criminator, counter, clock, MCA) was a CANBERRA
one.

Point and extended sources of 24! Am, %°(Sr + V)
and 2%TI were standardized. The variation of the
counting rate with high voltage provided ”plateaus”

of (300-500) V, with a slope of (0.1-1.5)% for 100 V.
The efficiency of the counter for a point beta source
and a central area of (100x150) mm?, varied with less
than 0.2%. To avoid spurious pulses, adequate thresh-
old and working high voltage were chosen, and a im-
posed 10 ps dead-time was inserted in the counting
channel. A procedure for the threshold correction was
established.

A combined uncertainty of maximum +2% was ob-
tained, a quite acceptable value for extended sources.
These results, together with the results obtained by ro-
manian specialists in LNHB, with an identical counter,
but using argon/methane mixture will be published.

The experiment was realised in the frame of the
IFIN-HH long term collaboration agreement.
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Standardization of °2Eu

E.L. Grigorescu!, Maria Sahagia!, Anamaria Cristina Razdolescu!, A. Luca®, C. Ivan!

I NIPNE-HH

152 By was standardized in the frame of a BIPM
international comparison with 23 participating labo-
ratories. In the Radionuclide Metrology Group from
IFIN-HH, the 52 Eu solution was standardized using
a 47 — ~ coincidence method in the ”beta-efficiency
extrapolation” variant. The coincidence system con-
tained as detectors, a 47PC and a NaI(T1). Choosing
an adequate ”gamma-window” in the gamma channel,
good linearity and a slope of only -4% were obtained
for the extrapolation graphs. The standardization was

facilitated by the important fraction of conversion elec-
trons associated with the electron-capture transitions.
The resulted radioactive concentration value at the ref-
erence time was 579.4 kBq/g with a combined uncer-
tainty of only 1which may be considered satisfactory
in regard to the complex decay-scheme of 1°2 Eu. The
mentioned result is only 0.5% lower than the mean
of the comparison. The aim of this experiment was
to help assure the International Traceability and the
participation to the international Mutual Recognition
Agreement.
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Obtaining of Mo- " Tc gel - generator based on zirconium
molybdate

N. Negoita!, Catalina Cimpeanu®, Maria Sahagia!

I NIPNE-HH, CPR Department

The radioisotope ?°™T'c is used in nuclear medicine
for radiodiagnosis. This radioisotope results from beta
desintegration of *? Mo (t; > = 66h) which is obtained
by irradiation of the natural MoO3 with thermic neu-
trons at Nuclear Reactor or by extraction from fission
fragments. Since 1997, in our Department, the %° Mo
- 99mT¢ generators, using fission sodium molybdate
(Nay % MoO,) as raw material which is adsorbed on
alumina column, are manufactured and delivered reg-
ularly to the hospitals. At present we are concerned
with the obtaining of the *° Mo - °™T¢ gel generator
using as raw material °” Mo obtained by irradiation at
Nuclear Reactor because:

- 99 Mo is strongly-boinded with Zr in a solid stable
matrix (zirconium molybdate);

- use of Mo0O3 irradiated at the Nuclear Reactor which
is obtained at a low cost as compared with fission
9 Mo;

- obtaining of generators with higher chemical, radio-
chemical and radionuclidic purity than the classic gen-
erators with alumina column; the radionuclidic purity
is very high because the beta-gamma and alfa fission
products are not present;

- the practical knowledges acummulatied in classic gen-
erator is production;

The paper presents first results obtained in our De-
partment: obtaining of ** Mo by irradiation of MoOs3
in Triga reactor SSR-14MW SCN Pitesti; chemical
processing of the irradiated target (obtaining of sodium
molybdate - 92 Mo); obtaining of the Zr-%9 Mo matrix
(zirconium molybdate form); obtaining of gel-generator;
qualitative and quantitative analysis, chemical and ra-
diochemical analysis for sodium pertechnetate eluates
99mTe. The results require further research for ob-
taining of new generators, gel-generators *° Mo- 9™ T,
with higher quality than classic generators and smaller
prices.
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Model of calculation for an optimized
18811 /1% Re generator

Catalina Cimpeanu !, I. Mihalcea?, Corina Simion

1

INIPNE-HH CPR Department
2 University of Bucharest, Romania

The stable isotopes of the natural W are: ¥
(0,12%); 182 (26,3%); '83W (14,28%); '*4W (30,7%);
18611 (28,6%).

By irradiation in Nuclear Reactor with termic neu-
trons the following radionuclides have been obtained:
181y, 1857y, 18Ty, 1887y

The nuclear reactions are of (n, ) type [1].

When target is enriched W (98% in 186W), the
radionuclides formed are: 87WW; 1881,

This paper presents a model of calculation for the
following parameters [2]:

- specific activity of all radionuclides obtained by
irradiation in both cases - (W natural, respectively
enriched 98% W);

- k(%) - relative abundence for *¥7W;

- specific activity for 88 Re - the daughter radionu-
clide in 18817 /188 Re generator system;

- Thnaz - "maximum time” - the time when specific

activity of the '® Re is maximum or time between two
elutions.

In order to establich the optimum irradiation and
usable conditions of the 88W / 138 Re generator sys-
tem as well as the accumulation curves for '3W, the
dependence of specific activity function on irradiation
parameters (time, neutron fluency) has been studied
and the obtained results are presented.

References

[1] Radiochimia si chimia proceselor nucleare. Ed-
itura tehnica 1963. A.N.Murin, V.D. Nefedov,
V.P.Snedov.

[2] Compusi marcati si radiofarmaceutici cu aplicatii
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G.Georgescu, L.Simionescu 1974.
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Obtaining of %1V sodium tungstenate (Nay %W 0,) using W03 and
W metallic (natural and enriched in 86)

Catalina Cimpeanu ', Corina Simion', I. Mihalcea?

I NIPNE-HH, CPR Department
2 University of Bucharest, Romania

This paper presents an obtaining method of Nas
188W Oy by irradiation with termic neutrons in Nu-
clear Reactor TRIGA SSR-14MW Research Institute
Pitesti, using as raw material W03 and W metallic
(natural and enriched in W —98%). Nas 188WO,
is an acceptable chemical form for obtaining Na 88 Re
O4 (sodium perrenate).

188 Re obtained is carrier free. Two targets were
prepared and irradiated. The first target was natu-
ral WOs and the second, was 98% enriched in '®5TW
metallic W target. 331 is obtained as a result of
the following nuclear reactions: ¥5W (n, v) ¥7W (n,
v) 188W. After irradiation and cooling (21 days) the
targets were chemicaly processed [1].

From Na '88W O, obtained, we have separated Na
188 Re 04 by using a preliminary MEK extraction, fol-
lowing by an elution on a acid alumina (Al>O3) col-
umn [2]. The Na 8 Re O, separated was sterilized by
filtering through a 22 um Millipore filter.

We have determinated for final product following
physico-chemical parameters: pH value, radiochemi-
cal and radionuclidic purity, specific activity, sterility,
pyrogenity.

All parametrs were very good except specific ac-

tivity, because the bad parameters of irradiation and
a very long (21 days) cooling time: pH-6; radiochem-
ical and radionuclidic purity > 99%; specific activity
for 18 Re -8 9MBq/g W for first target - W03 (after
21 days of cooling), respectively 74 MBq/g W for sec-
ond target - W (98% enriched in ¥6T/) (after 21 days
of cooling); the product were sterile and apyrogene.

References

[1] M.R.A. Pillai, P.R. Unni, K. Kothari, A.R. Math-
akar, ”Production and radiochemical processing
of therapeutic radionuclides”, International Sem-

inar on Therapeutic Application of Radiopharma-
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of a new tandemm cation/anion exchange sys-
tem with clinical seale generators provides
high specific volume solutions of “™T¢ and
188 Re” International Symposium on Modern
Trends in Radiopharmaceuticals for diagnosis and
Therapy - Lisabona Portugalia 1998.
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Obtaining of *°Re sodium perrenate (Na ¥ReO,). The study of
variation ¥ Re / 18 Re ratio in time

Catalina Cimpeanu ', I. Mihalcea?, Madalina Cruceru’®

I NIPNE-HH CPR Department
2 University of Bucharest Romania

186 Re and 18 Re, two strong beta and week gamma
emitters having halflives of 3.775 days and respectively
17.005 hours are intensively studied as promising ra-
dionuclides for brachytherapy and mainly as radio-
pharmaceuticals, due to their similar chemical behav-
ior with 99™T¢ [1].

The paper presents the following operations and
experimental results: obtaining of the irradiated tar-
gets, chemical processing, characterization of the fi-
nal products, perrenate solution, and new trials of im-
provement of work.

The irradiation were performed in the TRIGA SSR
-14 MW Reactor of the Nuclear Research Institute
Pitesti.

The targets were prepared by precise weighting us-
ing pure materials (99% purity level).

The primary packing were flame sealed quartz vials,
introduced in aluminium capsules sealed by electron
beam welding.

For obtaining of ¥ Re, natural metal (** Re, 37.1%
and 187 Re, 62.9%) powder was used.

The nuclear reactions are: 185 Re (n,y) 186 Re; 137 Re
(n,7) 188 Re.

A mixture of %6 Re and '®¥ Re resulted. Two tar-
gets of Re natural metallic were prepared and iradi-
ated. After irradiation and cooling (9, respectively 3

days), the targets were proccesed. The final product
obtained was sodium perrenate solution (Na 86 ReQy,).

This solution was sterilized by filtering through a
22 pum Millipore filter. For final product the following
physico-chemical parameters have been determinated:
pH value, radiochemical and radionuclidic purity, spe-
cific activity [2], sterility, pyrogenity.

All these parameters were very good: pH-6; radio-
chemical and radionuclidic purity >99%; specific ac-
tivity for 186 Re - 166,5GBq/g Re for first target (after
9 days of cooling), respectively 3330 GBq/g Re for sec-
ond target (after 3 days of cooling); the product were
sterile and apyrogene.
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8 Re - AntiCEA MAB. Preparation and biological evaluation

V.V. Lungu!, G. Mihailescu!, D. Niculae®
I NIPNE-HH

Monoclonal antibodies are the most recent candi-
date molecules for the radiopharmaceutical prepara-
tion used in radioimmunotherapy and radiodiagnostic,
function of the used radionuclide. Our study presents
results in: i) 188 Re labelling of Monoclonal Anti-Human
Carcinoembrionic antigen clone C6G9 (anti-CEA Mab)
and ii) Biological evaluation of 188Re-antiCEA Mab
on tumour bearing animals. The steps in labelling pro-
cess are: 1) prereduction of -S-S- bridges of antiCEA-
Mab molecule with ascorbic acid in pH = 5, 2) prepa-
ration of the reducing system for '* ReO, in presence
of Sn2T ions excess and 3) coupling %8 Re (red) to -SH
groups of biomolecule.

The specific reactions of each above steps are con-
trolled by: incubation time and temperature, pH, mo-
lar ratio '®®Re: antiCEA- Mab. The incubation at
37°C temperature, 20 hour time and pH = 5 for sam-
ples of 188 Re:antiCEA with molar ratio 1,6:1 leads to
a 85-90% labelling yield

188 Re-antiCEA purified samples by gel elution chro-
matography method werei.p. injected on tumour bear-
ing animals. The sample radioactivity was 1.2 mCi/0.2
ml. The biodistribution registered at 4, 24 and 48
hours post injection presents a maximum accumula-
tion in tumour at 24 h after injection. (Ajumour/Abicod
= 6.2:1 was the activity ratio after 24 h post injection.
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Standardization of 3°Sr

Anamaria Cristina Razdolescu®, Maria Sahagia®, Ph. Cassette?, E.L. Grigorescu!, A. Luca!, C. Ivan!

! NIPNE-HH, Bucharest-Magurele
2LNHB, CEA-DIMRI, Gif sur Yvette CEDEX, France

89 Sr was standardized in the frame of a BIPM in-
ternational comparison. In the Radionuclide Group
from IFIN-HH, the 3°Sr solution was standardized
by two different methods: TDCR- licquid scintillation
method and coincidence tracing method with %9Co.

The TDCR equipment of modular type contained a
MAC-3 module produced by LNHB-Saclay. This mod-
ule contains the circuits for the coincidence, dead time
and gate functions. The DETECSZ program (LNHB)
was used to obtain the activity concentration, at the

reference time, as 26.09 + 0.21 kBq g-1. The tracing
method provided a general extrapolation curve with a
final value of 26.58 £ 0.28 kBq g-1 on the reference
time. The results obtained by the two independent
methods, TDCR, and efficiency tracer method, agree
within the limits of the stated uncertainties. In apply-
ing the tracer method, additional checks, regarding the
determination of beta efficiency, confirmed the proper
choice of the extrapolation interval and of the extrap-
olation relation.
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Precise measurement of the activity of 1%¢Re, 1% Re
radiopharmaceuticals

Maria Sahagia®, Anamaria Cristina Razdolescu®, E.L. Grigorescu®, A. Luca!, C. Ivan!

I NIPNE-HH

National traceability was assured for the activity
of the radiopharmaceuticals containing ' Re, 88 Re
and 186 Re + 188 Re mixtures along the whole chain:
production, distribution, using, hospitals.

The corresponded radioactive solutions were stan-
dardized by using the 4+PC-v method applied for ”tri-
angular” decay scheme radionuclides.

The relations between the 4+PC beta efficiency of
the ground level disintegration, £43,,, and the mean ef-
ficiency N./N. were determined experimentally and
calculated. The obtained results agree, in the limit of

uncertainties, and are concordant with reported liter-
ature data.

The response of the Centronic IG12/20A ionisa-
tion chamber and other radioisotope calibrators was
determined for '8¢ Re, 18 Re and calculated for their
mixture.

The separate contributions of the gamma rays and
bremsstrahlung radiations in response were evaluated.
The efficiencies of the ionisation chamber for brems-
strahlung radiations were calculated. Comparison with
the literature data confirmed the results obtained.
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Obtaining of high specific activity '®°Re, !*® Re perrenates to be used
for biomolecule labeling

Catalina Cimpeanu!, Corina Anca Simion!, Maria Sahagia®

I NIPNE-HH, CPR Department

186 Re and 18 Re, two strong beta and week gamma
emitters, having halflives of 3.775 days and respec-
tively 17.005 hours,are intensively studied as promis-
ing radionuclides for brachytherapy and mainly as ra-
diopharmaceuticals, due to their similar chemical be-
havior with %°™Te¢. The paper presents the following
operations and experimental results: obtaining of the
irradiated targets, chemical processing, characteriza-
tion of the final products, perrenate solution, and new
trials of improvement of work.

The irradiations were performed in the TRIGA

SSR - 14 MW Reactor of the Nuclear Research In-
stitute Pitesti.

In the case of 86 Re, natural metal (% Re, 37.1% and
187 Re, 62.9%) powder was used. A mixture of 8¢ Re,
188 Re resulted.

In the case '3 Re, the aim of the work was the obtain-
ing of a 1881 / 188 Re generator, so tungsten targets
were prepared. The first sample was natural WOz and
the second was a metallic W (98% enriched in 8611/)
target.

Table 1: Characterization of the final products, perrenate solutions

Characteristics Na'®ReOy solution | Na'®®ReOy solution
Target 1 Target 2 Target 1 Target 2

Radionuclidic purity% 99.9 99.9 99.9 99.9
Radiochemical purity% 99.9 99.9 90 99
PH value 9.5 6.0 6 6
Total volume (ml) 9 13 15 15

Total activity (MBq) 1665 333000 8.9 7.4
Specific activ.( MBq/mg) 166.5 3330 - -

Radioactive concentration (MBq/ml) 185 25900 0.594 0.494

High specific activity '8%:'88 Re perrenate was ob-
tained.
Regarding 188W —18 Re generator for which low 88T/
activities were obtained and a relatively low extraction
yield was reached, after using the recommend irradia-

tion conditions, we tried to obtain the gel generator, by
using a ZrW Oy - gel column. The compound ZrW Oy
was obtained in our laboratory by chemical synthesis.
We mention that the 36 Re perrenate obtained in our
laboratory was successfully used for labeling of the G
immunoglobulin.
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Durability of cemented waste in repository and under simulated
conditions

F. Dragolici', M. Nicu!, L. Lungu!, C. Turcanu!, Gh. Rotarescu’
! NIPNE-HH,Waste Management Department, 76900 Bucharest, Romania

The research activities performed by Department
of Radioactive Waste Management is focused on the
LLAW treatment products obtained by chemical pre-
cipitation and on the conditioning of these products by
cementation. The individual mechanisms participat-
ing on the chemical precipitation process are directly
dependent on the precipitate properties and structure,
which are connected with the initial system composi-
tion and the precipitation procedure. In the case of
conditioning by cementation, the chemical nature and
proportion of the sludges or concentrates affect both
the hydrolysis of the initial cement components and
the reactions of metastable hydration constituents, as
well as the mechanical strenght and chemical resis-
tance of the hardened cemented matrix. Generally,
the study of the precipitation products and their be-
haviour during cementation and the long-term disposal
is extremely difficult because of the system complex-
ity (phase composition and structure) and the lack of
the non-distructive analytical methods. For a more
detailed characterization,Mossbauer Spectroscopy as
a complementary analytical method was XRD, per-
formed for precipitates and cemented matrices.

The following systems are considered:

- iron precipitates obtained during LLAW treatment;
- structural modifications in the iron hydrated oxides
induced by foreign cations;

- influence of precipitation procedure on the decontam-
ination factors;

- dry and hydrated cement systems;

- cementation of sludge chemical components;

- influence of organic complexants on the cemented
matrix performances and structure;

- influence of mineral additives on the concrete;

- durability of cemented waste in repository and under
simulated conditions.

Mossbauer investigation of iron species formed in
precipitation systems simulating LLAW treatment |,
revealed that the iron compounds obtained by fast
neutralization (as in radioactive aqueus waste treat-
ment) have a different structure compared with iron
oxides and hydroxides prepared by slow addition of
the reactants when intermediate forms may be precip-
itated and redissolved many times during a long pro-
cess reaching the equilibrium . Considering the iron
precipitation in a system having other di- or tri- valent
cations, Mossbauer spectra put in evidence the struc-
tural modifications induced by the foreign cations pre-
cipitating together with iron ions, but to identify the
mutual influences a complementary analysis method

as XRD was necessary to use. The selected matri-
ces are normal cement and concrete compositions with
and without mineral additives (bentonite and volcanic
tuff) as reference samples, the conditioned matrices
prepared with radioactive sludge non-active compo-
nents (iron hydroxides and phosphate, calcium phos-
phate and copper ferrocyanide) and non-active matri-
ces prepared with organic acids and salts (oxalic, cit-
ric, tartaric, EDTA) . Radioactive effluents containing
complexing agents as oxalic and citric acids are gener-
ated during the radioactive decontamination operation
using chemical methods. The studies performed until
now have as object to establish the upper level con-
centration of some decontamination solutions as citric
acid, tartaric acid, oxalic acid, ammonium oxalate and
sodium citrate which can be contained in the cement
conditioning matrix, and do not affect its mechani-
cal performances. The research programme requires
detailed identification of the complex phenomena in-
volved, long investigation times and extending of ba-
sic data determined from laboratory tests in simplified
conditions. The basic information on the waste ma-
trix are obtained by : X- Rays Diffraction, Mossbauer
Spectroscopy, Inelastic Neutron Scattering, Small An-
gle Neutron Scattering and mechanical strength tests .
In the inelastic neutron scattering experiments taken
on DIN-2PI time of flight spectrometer at the fast
pulsed reactor IBR-2 of the Frank Laboratory of Neu-
tron Physics at JINR Dubna, the microdynamics of ce-
ment mixtures was studied. The samples of CaOSiO,
mixed both with HyO and D5 O were prepared in IFIN
HH. The data are analyzed in terms of the generalized
vibration density spectra (GVDS) derived from double
differential cross section. The hydrated cement matrix
in presence of fresh precipitate of ferric hydroxide (Fe
(OD)3), phosphate (Fea(PO4)3) and NaCl are also in-
vestigated. Also, in present are developed Small Angle
Neutron Scattering researches at IBR-2 Dubna, which
will provide informations about the cement paste hy-
dration and the structure of the investigated systems
(porosity, water behaviour and influence, etc.). All
samples were positioned in five points of Baita-Bihor
repository and kept 1,2,5 and 10 years before mechan-
ical and structural characterization characterization .
These results will be compared with results obtained
for the same type of samples kept in laboratory con-
ditions . The presumed alteration of mechanical and
physic-chemical properties will be correlated with a
non-destructive analysis of the matrix with thermal
resistance tests and leaching experiments .
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Standardization of a large area alpha and beta sources with a
window-less multi-wire proportional counter

E.L. Grigorescu !, Maria Sahagia®, A.C. Razdolescu', A. Luca', C. Ivan'!
INIPNE-HH

In The Radionuclide Metrology Group of IFIN-
HH, a mesurement system was assembled and tested
for the absolute standardization of large area alpha
and beta sources. Such sources are employed to cal-
ibrate a variety of contaminometers. A window-less
multi-wire proportional counter, donation of the ”Lab-
oratoire National Henri Becquerel” (LNHB), Saclay-
France, was used, with pure methane as flowing gas.
The needed electronics (high voltage, amplifier, dis-
criminator, counter, clock, MCA) was a CANBERRA
one.

Point and extended sources of 24! Am, %°(Sr +Y)
and 2%TI were standardized. The variation of the
counting rate with high voltage provided ”plateaus”

of (300-500) V, with a slope of (0.1-1.5)% for 100 V.
The efficiency of the counter for a point beta source
and a central area of (100x150) mm?, varied with less
than 0.2%. To avoid spurious pulses, adequate thresh-
old and working high voltage were chosen, and a im-
posed 10 ps dead-time was inserted in the counting
channel. A procedure for the threshold correction was
established.

A combined uncertainty of maximum +2% was ob-
tained, a quite acceptable value for extended sources.
These results, together with the results obtained by ro-
manian specialists in LNHB, with an identical counter,
but using argon/methane mixture will be published.

The experiment was realised in the frame of the
IFIN-HH long term collaboration agreement.
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Standardization of °2Fu

E.L. Grigorescu!, Maria Sahagia!, Anamaria Cristina Razdolescu!, A. Luca®, C. Ivan!

I NIPNE-HH

152 By was standardized in the frame of a BIPM
international comparison with 23 participating labo-
ratories. In the Radionuclide Metrology Group from
IFIN-HH, the 52 Eu solution was standardized using
a 47 — ~ coincidence method in the ”beta-efficiency
extrapolation” variant. The coincidence system con-
tained as detectors, a 47PC and a NaI(T1). Choosing
an adequate ”gamma-window” in the gamma channel,
good linearity and a slope of only -4% were obtained
for the extrapolation graphs. The standardization was

facilitated by the important fraction of conversion elec-
trons associated with the electron-capture transitions.
The resulted radioactive concentration value at the ref-
erence time was 579.4 kBq/g with a combined uncer-
tainty of only 1which may be considered satisfactory
in regard to the complex decay-scheme of 1°2Eu. The
mentioned result is only 0.5% lower than the mean
of the comparison. The aim of this experiment was
to help assure the International Traceability and the
participation to the international Mutual Recognition
Agreement.
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Physics problems, Dubna, 25-29 September 20007,
http:/ /relnp.jinr.ru/ishepp /xv/pr/;  Procceedings in
print

S.M. Lenzi, D.R. Napoli, M. Axiotis, E. Fab-
bian, A. Gadea, M. Ionescu-Bujor, A. Ior-
dachescu, N. Marginean, C.A. Ur, GASP
collaboration, EUROBALL collaboration, N-
WALL Collaboration

High spin structure of light nuclei

Int. Conf. on Structure of the Nucleus at the Dawn of
the Century, Bologna, May 29" -June 3¢, 2000.

A.Luca et al.

Probabilitati de emisie a radiatiilor gamma din lantul
237Np - 233pg

Conferinta Nationala de Fizica, Constanta, sept. 2000
V.Lungu et al.

Development of ¥ Re radiolabelling procedures of
peptides

Research Coordinating Meeting on Labelling Tech-
niques of Biomolecules for Targeted Radiotherapy,
Bombay, India, Jan. 2000

N. Marginean, C. Rossi Alvarez, D. Bu-
curescu, C.A. Ur, A. Gadea, S. Lunardi,
D. Bazzacco, G. de Angelis, M. Axiotis,
M. De Poli, E. Farnea, M. Ionescu-Bujor,

A. Tordachescu, S.M. Lenzi, Th. Kroll, T. Mar-
tinez, R. Menegazzo, D.R. Napoli, G. Nardelli,
P. Pavan, B. Quintana, P. Spolaore

New nuclei around the N=Z line in the A=80-90 re-
gion

International School of Nuclear Physics, 22" Course:
Radioaactive Beams in Nuclear and Astro Physics,
Erice-Sicily, 16-24 September 2000.
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V.Mihaila et al.

Paramynobenzoic acid 3, 5-T

7th International Symposion on Synthesis and Appli-
cations of Isotopically Labelled Compounds, Dresda,
Germany, may 2000

V.Mihaila et al.

Tocoferol methyl-T

7th International Symposion on Synthesis and Appli-
cations of Isotopically Labelled Compounds, Dresda,
Germany, may 2000

G.Mihailescu et al.

188 Re labelled Anti-CEA-Monoclonal Antibody
Balkanic Congress of Oncology, Brasov, Romania,
september 2000

M. Mirea

Shell Effects in the Fine Structure of the *C Cluster
Decay

in 50 Years of Nuclear Shells, Proceedings of the 49th
Meeting on Nuclear Spectroscopy and Nuclear Struc-
ture, Dubna, Russia, 21-24 April 1999, (Yu. Ts.
Oganessian and R Kalpakchieva eds., World Scientific,
Singapore, 2000), p. 134-143.

N.Negoita et al.

Biological active Compounds with 35S dysulphide
bridges

7h International Symposion on Synthesis and Appli-
cations of Isotopically Labelled Compounds, Dresda,
Germany, may 2000

N.Negoita et al.

Date preliminare privind obtinerea Timinei marcate
ca " Te¢

Conferinta Nationala de Chimie, Caciulata, oct. 2000

L.Pentchev, K.Daumiller, P.Doll for KAS-
CADE collaboration

Complementary use of the muon density and track in-
formatin for the investigation of the muon component
in EAS

17-th FEuropean Cosmic Rays Symposium, ECRS,
Lodz, Poland, July 24-28, 2000

M.Petrascu, I.Tanihata, T.Kobayashi,
A.Isbasescu, H.Petrascu, I.Cruceru,
M.Giurgiu, A.Korsheninnikov, K.Morimoto,

A.Ozawa, R.Ruscu, K.Yoshida, C.Bordeanu
Investigation of Neutron Pair Pre-Emission in the Fu-
sion of 1'Li Halo Nuclei with Si targets

International Conference RIB00O (Perspective in
Physics with Radioactive Isotopes Beams 2000),
Hayama, Kanagawa, Japan, Nov. 2000

A. Petrovici

Variational approach to coexistence phenomena in
N ~ Z nuclei; Neutron-proton correlations in medium
mass N ~ Z nuclei

Nuclear Structure for the 215 Century (INT-00-3),
Seattle, Washington, USA, 16.-31.10.2000
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A. Petrovici
Variational approach to complex nuclear structure
Shell Model 2000, Riken, Japan, 05-08.03.2000

A. Petrovici

Variational approach to coexistence phenomena in
N=Z nuclei

Nuclei far from Stability and Astrophysics, Predeal,
Romania, 28.-08.09.2000

A. Petrovici

Variational approach to the structure of N=Z nuclei
Shell Model 2000, GSI - Darmstadt, Germany, 02.-
03.05.2000

D. N. Poenaru, B. Dobrescu and W. Greiner
Three-Cluster Nuclear Molecules

invited talk, in Clustering Aspects of Nuclear Structure
and Dynamics, Proc. of the Tth International Con-
ference, Rab, Croatia, Eds. M. Korolija, Z. Basrak
and R. Caplar (World Scientific, Singapore, 2000), p.
205-212.

D. N. Poenaru, B. Dobrescu, W. Greiner, J. H.
Hamilton and A. V. Ramayya

Fission energy surfaces and ternary fission

invited talk in Exotic Nuclear Structures (ENS2000),
Proc. Internat. Symp., Debrecen, Hungary, 15-20
May 2000

D. N. Poenaru, B. Dobrescu, W. Greiner, J. H.
Hamilton and A. V. Ramayya

New Fission Modes

invited talk, in Fission and Properties of Neutron-
Rich Nuclei, Proc. 2nd International Conference,
St. Andrews, Scotland, Eds. J. H. Hamilton, W. R.
Phillips, H. K. Carter (World Scientific, Singapore,
2000), p. 332-339.

D. N. Poenaru, B. Dobrescu, W. Greiner, J. H.
Hamilton and A. V. Ramayya

The quasi-molecular stage of ternary fission

invited talk, in Advances in Nuclear Physics, Proc. of
the International Symposium celebrating 50 years of
institutional physics research in Romania, Eds. D. N.
Poenaru and S. Stoica (World Scientific, Singapore,
2000), p. 91-102.

D. N. Poenaru, W. Greiner, J. H. Hamilton
and A. V. Ramayya

Nuclear molecules in ternary fission

invited talk in Fundamental Issues in Elementary Mat-
ter, Proc. Internat. Symp. in honor and memory of
Michael Danos, (241. W. & E. Heraeus Seminar),
Bad Honnef, Germany, 25-29 Sept. 2000

D. N. Poenaru

Ternary and multicluster cold fission

invited talk and co-Director in Nuclei Far from Sta-
bility and Astrophysics, Proc. of the NATO Advanced
Study Institute, Predeal, August 28-Sept. 8, 2000
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B.Adeva, M.Iliescu, M.Pentia,
T.Ponta, et al. (DIRAC Collab.)
DIRAC experiment at CERN

9-th Int. Conf. on Nuclear Reaction Mechanisms,
Varenna, Italy, June 5-9, 2000, Proceedings:367-37/

M.Augsburger, A.M.Bragadireanu, M.Iliescu,
C.Petrascu, T.Ponta, et al. (DEAR Collab.)
The DEAR experiment

9-th Int. Conf. on Nuclear Reaction Mechanisms,
Varenna, Italy, June 5-9, 2000, Proceedings:375-379

E.A.Preoteasa, C.Ciortea,
S.E.Enescu, and E.Preoteasa
Mineral Elements in Composites for Restorative Den-
tistry. II. Improved Analysis by PIXE

Fourth General Conference of the Balkan Physics
Union BPU-4, 22-27 August 2000, Veliko Turnovo,
Bulgaria

E.A.Preoteasa, C.Ciortea,
S.E.Enescu, and E.Preoteasa
Mineral Elements in Dental Composites by Atomic
and Nuclear Analytical Methods. II. Improved Anal-
ysis by PIXE

National Physics Conference, September 21- 23, 2000,
Constanta, Romania, Abstracts p.89 (oral presenta-
tion)

A.C.Razdolescu et al.

Compararea calibratoarelor comerciale de radioizotopi
Simpozionul Societatii Romane de Radioprotectie,
Sinaia, sept.2000

A.Razdolescu et al.

Results obtained in the metrological check of a com-
mercial radioisotope calibrator

International Radiation Protection Association, Hi-
roshima, Japonia, may 2000

M.Risse for KASCADE collaboration

Test and analysis of hadronic interaction models with
KASCADE event rates

11-th International Symposium of Very High Energy
Cosmic Rays Interactions, Sao Paulo, Brasil, July
2000

M.Roth, A.Chilingarian, A.Haungs, H.Rebel,
A.Vardanyan for KASCADE collaboration
Nonparametric determination of energy and mass pri-
mary of cosmic rays and parameter correlations of clas-
sified KASCADE events

17-th European Cosmic Rays Symposium, FECRS,
Lodz, Poland, July 24-28, 2000

M.Sahagia et al.

Asigurarea calitatii in masurarea activitatii radiofar-

maceuticelor
Conferinta Nationala de Chimie, Caciulata, oct. 2000

C.Petrascu,

D.Fluerasu,

D.Fluerasu,

Appendix

M.Sahagia et al.

Obtaining of the Therapy radioisotopes at the TRIGA
SSR Reactor

Symposion on Synthesis and Applications of Isotopi-
cally Labelled Compounds, Dresda, Germany, may
2000

M.Sahagia

Noi radiofarmaceutice cu utilizari in radioterapie
Simpozionul Societatii Romane de Radioprotectie,
Sinaia, sept. 2000

S.Sarwar, ..., D.Pantea et al.

Spectroscopy of orbitally excited charm mesons

The Meeting of the Division of Particles and Fields of
the American Physical Society "DPF 2000”, Colum-
bus, Ohio, USA, Aug. 9-12, 2000

G.Schatz for KASCADE collaboration

Recent results of KASCADE

11-th International Symposium of Very High Energy
Cosmic Rays Interactions, Sao Paulo, Brasil, July
2000

L. Schachter, S. Dobrescu, Al. 1. Badescu-
Singureanu, K. E. Stiebing, S. Runkel, O. Hohn
and H. Schmidt-Bocking

Influence of Secondary Electrons on the High Charge
State Ion Output of Electron Cyclotron Resonance Ion
Sources

Romanian National Conference of Physics, Constanc
ta, September 2000 (Awarded by the Ion Agarbiceanu
First Prize of the Romanian Physical Society)

C.Simion et al.

Obtaining of 7Ga cytrate at the U-120 Cyclotrone
5th International Conference on Nuclear and Radio
Chemistry, Pontresina, Suisse, sept. 2000

C.Simion
Simularea matematica a unor noi liganzi
Conferinta Nationala de Chimie, Caciulata, oct. 2000

C.A.Ur et al.

Cross-conjugate symmetry in the f7/, shell N=Z7 nu-
clei

Proc. International Workshop ”Selected Topics on
N=Z7 nuclei” (Pingst 2000), Lund, (2000) p. 252

C.A. Ur, C. Rossi Alvarez, D. Bazzacco,
S.M. Lenzi, S. Lunardi, P. Pavan, P. Spo-
laore, G. de Angelis, M. De Poli, A. Gadea,
N. Marginean, D.R. Napoli, D. Bucurescu,
M. Ionescu-Bujor, A. Iordachescu

Study of the symmetric reaction °Zr+%9Zr at GASP
Int. Conf. on Structure of the Nucleus at the Dawn of
the Century, Bologna, May 29'"-June 3, 2000.

M. Visinescu

”Hidden” symmetries and Killing-Yano tensors
Invited talk at the Spring School and Workshop
?Quantum Field Theories and Hamiltonian Systems”,
Calimanesti, May 2000, to be published in Proceedings,
Annals of Univ. Craiova (2001)
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M. Visginescu

Generalized Taub-NUT metrics and Killing-Yano ten-
sors

Invited talk at NATO Advances Research Work-
shop ”Noncommutative Structures in Mathematics and
Physics”, Kiev, September 2000, to be published in
Proceedings, Kluwer Academic Publishers (2001)

J.Weber, R.Glasstetter, K.H.Kampert,
H.O.Klages, H.J.Mayer, H.Ulrich for KAS-
CADE collaboration

Determination of chemical composition and mass de-
pendent energy spectra with the analysis of the
muon/electron ratio in EAS

17-th FEuropean Cosmic Rays Symposium, FECRS,
Lodz, Poland, July 24-28, 2000
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J.Wentz, A.F.Badea, A.Bercuci, H.Bozdog,
I.M.Brancus, H.J.Mathes, M.Petcu, H.Rebel,
B.Vulpescu

The relevence of the muon charge ratio for the atmo-
spheric neutrino anomaly.

17-th FEuropean Cosmic Rays Symposium, ECRS,
Lodz, Poland, July 24-28, 2000

J.Wentz, D.Heck, B.Vulpescu, A.Bercuci
Calculation of atmospheric muon and neutrino fluxes
with the air shower simulation code CORSIKA
International Conf. on Neutrino Physics and Astro-
physics, Sudbury, Canada June 16-21, 2000.

J.Zabierowski, C.Buettner,
K.Daumiller, P.Doll, D.Martello, R.Obenland
for KASCADE collaboration

Large muon tracking detector in KASCADE EAS ex-
periment,

17-th European Cosmic Rays Symposium, FECRS,
Lodz, Poland, July 24-28, 2000

PhD Theses

Calin Alexa
Aplicatii ale cromodinamicii cuantice in studiul inter-
actiilor nucleare ultrarelativiste

Dragos Anghel
Phases and Phase transitions in restricted systems

Sorina Popescu
Neconservarea paritatii in interactiile hadron - hadron

Scientific Exchanges

Foreign Visitors

Cercasov V.

University of Hohenheim, Institute
Stuttgart, Germany, July 5-15, 2000
Dr O. Gavrishuk

IUCN-Dubna, Federatia Rusa

Dr D. Jouan

IPN-Orsay, Franta

Dr V. Karnaukhov
IUCN-Dubna, Federatia Rusa
Prof. S.Krasznovsky
KFKI-Budapest, Ungaria

of Physics,

Prof. J. Lefrancois

LAL-Orsay si CERN-Geneva

Dr.H.-J-Mathes

Forschungszentrum Karlsruhe, Institut fir Kern-
physik, Germany, POB 3640, D-76021, Karlsruhe,
Germany

S.P.Ratti
INFN-Sezione di Pavia, Italy
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Prof.Dr.H.Rebel

Forschungszentrum Karlsruhe, Institut fir Kern-
physik, Germany, POB 3640, D-76021, Karlsruhe,
Germany

Dr. A. Schopper
CERN-Geneva

Appendix

Prof. I.Wagner

KFKI-Budapest, Ungaria

Dr.J.Wentz

Forschungszentrum Karlsruhe, Institut fiir Kern-
physik, Germany, POB 3640, D-76021, Karlsruhe,
Germany

Invited Seminars

Prof. S.P.Ratti
The strange charm of charm
INFN-Sezione di Pavia, Italia

S.P.Ratti
”The strange charm of charm” April 13, 2000
INFN-Sezione di Pavia, Italy

Visits Abroad

Calin Alexa

CERN, Geneva, Elvetia

Calin Alexa

CPPM, Marseille, Franta

Dr. A.F.Badea

Forschungszentrum Karlsruhe, Institut fiir Kern-
physik, Germany POB 3640, D-76021, Karlsruhe, Ger-
many

I. Berceanu

LNS - Catania

A.Bercuci

Forschungszentrum Karlsruhe, Institut fiir Kern-
physik, Germany, POB 3640, D-76021, Karlsruhe,
Germany

Venera Boldea

CERN, Geneva, Elvetia

Mario Bragadireanu

LNF, Frascati, Italia

Dr.I.M.Brancus

Forschungszentrum Karlsruhe, Institut fiir Kern-
physik, Germany POB 3640, D-76021, Karlsruhe, Ger-
many

D. Bucurescu

Fysik Department, Technische Universitdt Miinchen
D. Bucurescu

University of Padova, Padova, Italy

I. Caprini

Center of Particle Physics, Marseille, France.

I. Caprini

Center of Theoretical Physics, Marseille, France.

I. Caprini

Institute of Physics, Academy of Sciences of Czech Re-
public, Prague.

I. Caprini
TH Division, CERN, Geneva, Switzerland.

V. Catanescu
Kirchhoff Institute for Physics - Heidelberg

M. Ciobanu
Kirchhoff Institute for Physics - Heidelberg

Cornelia Coca
CERN, Geneva, Elvetia

Cornelia Coca
Osaka, Japonia

Sanda Dita
CERN, Geneva, Elvetia

S. Dobrescu

Kernfysich Versneller Instituut (KVI), Groningen, The
Netherlands S. Dobrescu Participation at the work-
shop Kick-off Meeting on Fusion Technology for new
Associated Countries organized by the Directorate
for Research of the European Commission, March
2000, Garching bei Munchen, Germany L. Schachter
Kernfysich Versneller Instituut (KVI), Groningen, The
Netherlands

S. Dobrescu

Participation at the workshop Kick-off Meeting on Fu-
sion Technology for new Associated Countries orga-
nized by the Directorate for R esearch of the European
Commission, March 2000, Garching bei Munchen,
Germany

R. A. Gherghescu

Institut fiir Theoretische Physik der J. W. Goethe Uni-
versitit, Frankfurt am Main, Germany, working stage

R. A. Gherghescu
SUBATECH, Nantes, Franta, working stage
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Grigore D. R.
Theory Division, DESY, Germany

M. Ionescu-Bujor
INFN, LNL, Legnaro/Padova, Ttaly

A. Tordachescu

INFN, LNL, Legnaro/Padova, Italy

A.Isbasescu

The Institute of Physics and Chemical Research
(RIKEN), Participation in Measurements at the
RIKEN-RIPS Accelerator for Radioactive Beams,
September 2000, Wako, Saitama, Japan

M.Ivascu

University of Padova, Padova, Italy
N.Marginean

INFN, Padova, Italy

Andrei Micu

ICTP, Trieste, Italia

Andrei Micu
Martin-Luther Univ., Halle, Germania

M. Mirea
Institut de Physique Nucleaire — Orsay, France

D. Moisa
GSI - Darmstadt

Dan Pantea

CERN, Geneva, Elvetia

H.Petrascu
INFN-LNS, Catania, Italy, Nov.2000, Colaboration at
the MAGNEX Project

H.Petrascu

The Institute of Physics and Chemical Research
(RIKEN), Preparation of the experimental set-up and
measurements at the RIKEN-RIPS Accelerator for
Radioactive Beams, Wako, Saitama, Japan
M.Petrascu

The Institute of Physics and Chemical Research
(RIKEN), Preparation of the experimental set-up and
measurements at the RIKEN-RIPS Accelerator for
Radioactive Beams, Wako, Saitama, Japan

Radu Petrescu

LNF, Frascati, Italia

M. Petris

GSI - Darmstadt

M. Petrovici

CERN - Geneva

M. Petrovici

GSI - Darmstadt

A. Petrovici

GSI - Darmstadt, Germany

A. Petrovici

INT - Seattle, Univ. Washington, USA

A. Petrovici
Riken, Japan
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A. Petrovici
Universitdt zu Koln, Germany

A. Petrovici

Institut

fiir Theoretische Physik, Universitdt Tiibingen, Ger-
many

D. N. Poenaru

Department of
Physics, Vanderbilt University, Nashville, Tennessee,
USA, working stage

D. N. Poenaru

European Comission, Brussels, Belgium, Presentation
of the Center of Excellence IDRANAP

D. N. Poenaru

Institut fiir Theoretische Physik der J. W. Goethe Uni-
versitit, Frankfurt am Main, Germany, working stage

D. N. Poenaru
Institute “ATOMKI” of the Hungarian Academy of
Sciences, Debrecen, invited talk at International Sym-
posium ENS2000

Titus Ponta
LNF, Frascati, Italia

A. Pop
LNS - Catania
Sorina Popescu

CERN, Geneva, Elvetia

Sorina Popescu
Ruprech-Karis Univ., heidelberg, Germania

Titi Preda
CERN, Geneva, Elvetia

R.Ruscu

The Institute of Physics and Chemical Research
(RIKEN), Participation in Measurements at the
RIKEN-RIPS Accelerator for Radioactive Beams,
September 2000, Wako, Saitama, Japan

L. Schachter

Kernfysich Versneller Instituut (KVI), Groningen, The
Netherlands S. Dobrescu Participation at the work-
shop Kick-off Meeting on Fusion Technology for new
Associated Countries organized by the Directorate
for Research of the European Commission, March
2000, Garching bei Munchen, Germany L. Schachter
Kernfysich Versneller Instituut (KVI), Groningen, The
Netherlands

V. Simion

GSI - Darmstadt

Diana Soare

LNF, Frascati, Italia

G. Stoicea

GSI - Darmstadt

L. Stroe

INFN, Padova, Italy

C.A.Ur
University of Padova, Padova, Italy
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Dr.B.Vulpescu

Forschungszentrum Karlsruhe, Institut fir Kern-
physik, Germany, POB 3640, D-76021, Karlsruhe,
Germany

Appendix

Seminars Abroad

A. Andronic

Differential Flow in Heavy Ion Collisions

FOPI  Collaboration  Meeting, GSI-Darmstadt,
10.10.2000

A. Andronic
Differential Flow
FOPI  Collaboration
04.04.2000

Meeting, GSI-Darmstadt,

S.Beceanu

Topics on coherent states, Segal-Bargmann-Hall trans-
form, Toeplitz operators and D-modules,

a series of two hours talks delivered in the Seminary
of “Operator Theory” of S. Berceanu and A. Gheon-
dea at the Institute of Mathematics Simion Stoilow at
Romanian Academy, the first one on January 24, 200

S.Berceanu

Holomorphic differential operators with polynomial
coefficients on Kéhler coherent state orbits

seminar at the Insitute of Mathematics, University of
Technology, Darmstadt, Seminary on “Complex Anal-
ysis” of Karl-Hermann Neeb, November 9, 2000

S.Berceanu

Linear dynamical systems on Kéahler coherent states
orbits

invited talk at the Universidad National Autonoma de
Mexico, Istituto de Matematicas, Unidad Cuernavaca,
May 10, 2000.

S.Berceanu

Symplectic area of geodesic triangles and coherent
state

seminar at the Berkeley, CA, USA, in the Seminary
on Symplectic Geometry of Alan Weinstein, May 23,
2000; seminary at the Doppler Institute, Czech Tech-
nical Univesity in Prague, Facully of Nuclear Science
and Physical Engineering, Seminar of Mathematical
Physics of J. Tolar, oct. 17, 2000

I. Caprini

Quark-hadron duality, factorization and strong phases
in BY — 77~ decay

Institute of Physics and Charles University, Prague,
Czech Republic, 20.11.2000

I. Caprini

Quark-hadron duality, factorization and strong phases
in BY — 77~ decay

Triangle Meeting on Particle Physics, Viena, 1-2 de-
cember 2000

R. A. Gherghescu

Target-projectile pairs for the synthesis of superheavy
nuclei

GSI- Darmstadt, 20 Noiembrie, 2000

H.Petrascu

Investigation of Neutron Pair Pre-Emission in the Fu-
sion of ''Li Halo Nuclei with SI targets

CINFN-LNS, Catania, Italy, Nov.2000

M. Petrovici

Isospin dependence of squeeze-out
FOPI  Collaboration  Meeting,
10.10.2000

M. Petrovici

RPC Tests

FOPI  Collaboration
09.10.2000

M. Petrovici
Transition from in-plane to out-of-plane emission for
Au+Au collisions
FOPI  Collaboration
04.04.2000

A. Petrovici

Variational approach to coexistence phenomena in
medium mass nuclei

Kernphysikalisches Kolloguium, IKP - Univ.
Germany, 04.05.2000

G. Stoicea

Incident Energy and Ap,,+ Dependence of Flow in
Au+Au and Xe+Csl
FOPI  Collaboration
10.10.2000

GSI-Darmstadt,

Meeting, GSI-Darmstadt,

GSI-Darmstadt,

Meeting,

Koln,

Meeting, GSI-Darmstadt,
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Research Staff

Basic Physics
Nuclear Physics
Ivagcu Marin, Petragcu Marius, Semenescu Gheo-
rghe, Badica Teodor, Bucurescu Dorel, Hateganu Cor-
nel, Calboreanu Alexandru, Dobrescu Serban, Buta
Apostol, Borcea Catilin, Popescu V.Ion, Tordichescu
Alexandru, Ionescu Bujor Manuela, Dragulescu Emil-
ian, Petrovici Alexandriana, Ion B. Dumitru, Ponta
Titus, Dita Sanda, Boldea Venera, Zamfir Nico-
lae, Olariu Silviu, Schachter Leon, Padureanu Ion,
Isbagsescu Alina, David Ioana, Berceanu Ionela,
Brincug Ileana, Cojocaru Viorel, Simon Victor,
Grama Cornelia, Duma St. Marin, Ruscu Radu,
Enulescu Alexandru, Piticu Ion, Lazar Ioana, Corcal-
ciuc Valentin, Ciortea Constantin, Dumitrescu Radu,
Pentia Mircea, Dorobantu Ion, Coca Cornelia, Pan-
tea Dan, Avrigeanu Marinela, Cutoiu Dan, Badescu
Singureanu Alex, Iacob Victor Eugen, Cta Danil Ghe-
orghe, Avrigeanu Vlad Gabriel, Pantelica Dan, Petcu
Ileana, Pop Amalia, Flueragu Daniela, Pirlog Marian,
Bejan Anca Bogdana, Preoteasa Eugen, Petrache Cos-
tel, Gherghescu Radu, Cotorobai Florin Valeri, Pe-
tragcu Horia, Radu Mihai, Legrand Tosif Charles, Cita
Danil Irina, Mirea Mihail Doloris, Nica N. Ninel, Szi-
lagyi Szabolcs Zoltan, Ur A. Calin ALexandru, Pe-
tragcu Catélina Oana, Olariu Agata, Preda Titi, Sa-
baiduc Vasile, Andronic N. Anton, Ionescu M. Re-
mus Amilcar, Alexa R. Cailin, Dumitru M. Dana
Elena, Stroe Lucian,Iliescu Mihail, Negoita Florin,
Savu Iulia Diana, Moisoi Nicoleta, Fologea Daniel,
Radutad Adriana Rodica, Stoicea Gabriel, Raduta
Alexandru Horia, Ionescu Maria Adriana, Groza Radu
Liviu, Ion Mihai Laurian, Bragadireanu Alexandru,
Ion Mihail, Dumitrescu Gabriela, Scintee N. Nico-
lae, Petrig D. Mariana, Bastea T. Sorin, Popescu 1.
Razvan, Vaman Georgeta, Vulpescu Bogdan, Kusko
Cristian, Popescu Sorina, Radulescu Aurel, Drafta
George, Anghel Dragos Victor, Badea Aurelian Florin,
Tabacaru Gabriel, Toader Cristian Florenti, Beldiman
Anne Marie, Albu Mihaela, Andreoiu Corina, Stetcu
Ionel, Borcan Cristina, Radu Florin, Oros D. Ana
Maria, Mitrica Ionel, Popa Gabriela, Petre Marian.
Theoretical Physics
Micu Mircea, Grecu Dan, losifescu Mircea, Visinescu
Mihai, Ixaru Liviu, Radescu Eugen, Raduta Apolodor,
Sandulescu Aureliu, Dita Petre, Micu Liliana, Ange-
lescu Nicolae, Scutaru Horia, Caprini Irinel, Grama
Nicolae, Adam Gheorghe, Mihalache Dumitru, Apos-
tol Marian, Grigore Radu Dan, Ceausescu N. Valentin,
Cirstoiu Florin Cornel, Visinescu Anca, Adam Sanda,
Gheorghe 1. Alex Cezar, Stratan Gheorghe, Bundaru
Mircea, Stoica Sabin, Silisteanu Ion, Delion Doru
Sabin, Isar Aurelian, Sindulescu Nicolae, Buzatu

Florin Dorian, Ursu Ioan, Enachi Nicolae, Costache
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