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PROGRAMME

Monday, June 20

Morning session
09:30-10:00 Opening of the Workshop and TallPodf. Yordan Stamenov
10:00 — 10:20 Coffee

10:20 - 11:05 Anthony CowleyThe (p,2p) Knockout Reaction to Discrete Final
States and Implications for Rescattering Processes

11:15-12:00 Anton AntonovNucleon Momentum Distributions in Nuclei from
the Superscaling in Inclusive Electron Scattering

12:10-12:55 Emil Betak Complex Particle Emission - Statistical Picture
of Direct Reaction

16:30—-17:00 Coffee

Afternoon session
17:00 - 17:45 Sergio Scopetta®’He Structure and Generalized Parton
Distributions

17:55-18:40 Frans Arickx A Three-Cluster Microscopic Model for
the®H Nucleus

18:50 — 19:35 Victor VasilevskyA Microscopic Model for Cluster
Polarization, Applied to the Resonances Bt
and the ReactiofLi(p,2He)*He

Tuesday, June 21

Morning session

09:30 —10:15 Heinz V. von Gerambrhe Surface Between QCD and Baryon
Nuclear Physics

10:15-10:35 Coffee

10:35-11:20 Francesco Ceruttiintermediate Mass Fragment Production
in Light lon Reactions

11:30 - 12:15 Stelios Masserninformation Entropy and Nucleon Correlations
in Nuclei

12:25-13:10 Dennis BonatsasAnalytic Description of Critical Point
actinides and Rare Earths in a Transition from Octupole
Deformation to Octupole Vibrations
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15:30 — 16:00

Coffee

Afternoon session

16:00 - 16:20

16:20 - 16:40

16:50-17:10

17:10-17:30

17:40 - 18:00

18:00 -18:20

18:30 - 19:00

Dimitris Lenis Z(4): v-rigid Solution of the Bohr Hamiltonian
for v = 30° Compared to the E(5) Critical Point Symmetry

Dimitris Petrellis Critical Point Symmetries Derived from
Davidson Potentials through a Variational Procedure

Nikolay Minkov Nuclear Shape Dynamics in an Angular
Momentum Dependent Potential of Quadrupole and
Octupole Deformation Variables

Ana GeorgievaTransitional Nuclear Spectra within the
Framework of IVBM with 6-Dimensional Davidson Potential

Huben GanevElectromagnetic Transitions in the Symplectic
Extension of Rotational Limit of the Interacting Vector
Boson Model

Vladimir Garistov Analysis of New Experimental Data dfi° Dy
Spectrum with Interacting Veector Boson Model

Galya DeyanovaStudy of Exited States it®*Gd with
AFRODITE Spectrometer

Wednesday, June 22

Morning session

09:30-10:15

10:15-10:35
10:35-11:20

11:30-12:15
12:25-13:10

15:30-16:00

Pier Giorgio Bizzeti Description of the Nuclear Octupole and
Quadrupole Deformation

Coffee

Vladimir Kukulin Dibaryonic Deegrees of Freedom in Hadronic
and Nuclear Physics

Eduardo LanzaMultiphonon Excitations in Heavy lon Collisions

Evgeny Balbutsevlhe Nuclear Scissors Mode within Two
Approaches (Wigner Function Moments Versus RPA)

Coffee

Afternoon session

16:00 - 16:40

16:50-17:10

Lorenzo FortunatoExact Solutions of the Bohr Hamiltonian
and Symmetries of the Collective Model

Alexander Andree\Cluster Aspects of Binary and Ternary Fission
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17:10-17:30

17:40 - 18:00

18:00 - 18:20

18:30 - 19:00

Andrea Mairani Emission of intermediate-mass fragments in
the Interaction of Carbon and Oxygen with Heavy lons

Massimiliano Alvioli A Realistic Calculation of the Effects of
Nucleon-Nucleon Correlations in High-Energy Scattering
Processes Off Nuclei

Dimitre Kadrev Charge and Matter Distributions and Form
Factors of Light, Medium and Heavy Neutron-Rich Nuclei

Liliya Atanasova High-Spin States in®®Ir

Thursday, June 23

EXCURSION

Friday, June 24

Morning session

09:30-10:15

10:15-10:35
10:35-11:20

11:30-12:15

12:25-13:10

13:10 - 13:30

Egle Tomasi-Gustafssorladron Form Factors: Status
and Perspectives

Coffee

Lubomir PenchevTwo-Photon Exchange Effects in the Proton
Form Factors Measurements at Jefferson Lab

Vina Punjabi Jefferson Lab Experiments Shed New Light
on the Proton

Isabelle DeloncleNew Clues for the B(E2: p—2;") Behavior
around®®Ni: Seniority and p-n Interaction

Sevdalina Dimitrovalsoscalar and Isovector Pairing within
the SO(5) Richardson-Gaudin Exactly Solvable Model
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The (p,2p) Knockout Reaction to Discrete Final States and
Implications for Rescattering Processes

A. A. Cowley
University of Stellenbosch, South Africa

At incident energies below approximately 400 MeV our untierding of
the mechanism by means of which thg2p) reaction to discrete final
states proceeds is mainly based on a distorted-wave imppls@ximation
(DWIA) theory. The success of the DWIA in reproducing expeiria¢ob-
servables over a relatively large range of incident enerfgievarious tar-
get nuclei will be presented. It will also be demonstrated the formalism
successfully describes the knockout process over a lange i@f kinematic
conditions. Approximations that need to be introduced facpcal imple-
mentation of the theory could in principle affect the resaltiversely, but it
will be shown that there is not any reason for undue concetiisiregard.

It is known that at these moderate incident energies knddkadiscrete fi-
nal states constitutes only a small part of the reactionscsestion for two
coincident protons emerging from the reaction. Therefbiie tempting
to speculate that a large fraction of the observed inclugistel of coinci-
dent protons would originate from a process in which one ¢h partners
in an initial intranuclear collision undergo further reeang with energy
transfer to the spectator part of the target nucleus. Camesgly, instead of
observing the reaction with a cleas,2p) signature, the reaction will lead
to a distribution of emerging protons that only vaguely irefeatures of
the driving knockout process. Furthermore, to indicate thscattering, it
is more appropriate to indicate the reaction pg’f’). Evidence for the
validity of such an interpretation of the reaction procedkhe reviewed.
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Nucleon Momentum Distributions in Nuclei from
the Superscaling in Inclusive Electron Scattering

A.N. Antonov ', M.K. Gaidarov !, M.V. Ivanov ',

D.N. Kadrev !, E. Moya de Guerra 2, P. Sarriguren 2,

J.M. Udias 3

Hnstitute of Nuclear Research and Nuclear Energy, Bulgarian Academy
of Sciences, Sofia 1784, Bulgaria

2Instituto de Estructura de la Materia, CSIC, Serrano 123, 28006 Madrid,
Spain

3Departamento de Fisica Atomica, Molecular y Nuclear, Facultad de
Ciencias Fisicas, Universidad Complutense de Madrid, Madrid E-
28040, Spain

The scaling functiong (v') and F(y) from the¢’- andy-scaling analy-
ses of inclusive electron scattering from nuclei are corséd within the
Coherent Density Fluctuation Model (CDFM) [1, 2] which isated to the
delta-function limit of the Generator Coordinate MethodheTCDFM is
used in two equivalent formulations based on either thd kbeasity distri-
bution or the nucleon momentum distribution (NMD). Bothétions f (¢')
and F'(y) are calculated [2] using different NMDs and are compared wit
the experimental data for a wide range of nuclei. The calimuia show that
the high-momentum components of NMD in the CDFM and theirilsim
ity for different nuclei lead to quantitative descriptiohtbhe superscaling
in nuclei. The good description of the data fox. 0 andv)’ < 0 (including
1)’ < —1 in contrast to the Relativistic Fermi-gas Model resultskesait
possible to show the sensitivity of the calculated scalimcfions to the
peculiarities of the NMDs in different regions of momentaisiconcluded
that the available data ofY- andy-scaling are informative for NMDs at
momenta not larger than 2.0-2.5tm[2]. The CDFM allows us to study
simultaneously and on the same footing the role of both basintities,
the momentum and density distributions, for the descniptibscaling and
superscaling in nuclei.

References

[1] A.N. Antonov, M.K. Gaidarov, D.N. Kadrev, M.V. Ivanov, E. &§a de
Guerra, and J.M. Udia®hys. Rev. 9044321 (2004).

[2] A.N. Antonov, M.K. Gaidarov, M.V. Ivanov, D.N. Kadrev, E. &fa de
Guerra, P. Sarriguren, and J.M. UdRlys. Rev. @1014317 (2005).
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Complex Particle Emission — Statistical Picture of Direct
Reactions

E. Bétak

Inst. Physics, Slovak Acad. Sci., 84511 Bratislava, Slovakia
Fac. Philosophy and Sci., Silesian Univ., 74601 Opava, Czech Rep.

Whereas the emission of nucleons in low-energy nuclear iceec{say,
below the pion threshold) can be nicely described usingstital models
(compound nucleus plus pre-equilibrium), that of the cawrplarticlesi.e.
light clusters up tax’'s, is far from satisfactory state. The main reason is —
apart of very specific properties of the clusters themsehi®t different
types of direct reactions, like pickup, knockout and othglay an essential
role. In the absence of more justified approaches, phendogioal ones
are frequently applied, with very little (or no) physics hetr background.
We suggest a statistical description which is capable torparate the main
features of direct reactions leading to the cluster emisdiat — obviously,
as any other statistical approach — pays for that genelglityosing details
of nuclear structure and their manifestation in individuegctions.
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3He Structure and Generalized Parton Distributions

S. Scopetta

Dipartimento di Fisica, Universitdegli Studi di Perugia, via A. Pascoli
06100 Perugia, Italy and INFN, sezione di Perugia

The knowledge of Generalized Parton Distributions (GPDishuaclei
would represent a unique tool to investigate the interplaguzieon and
parton degrees of freedom in the nuclear wave function [1]rel&vant
experimental effort aimed at the measurement of GPDs idylitcetake
place. The study of GPDs dHe, for which conventional nuclear effects
can be safely calculated, is particularly relevant. Fos thicleus, strong
deviations from the predicted behaviour could be ascritedeftects
not included in its standard description. Besidé&le could be used
as an effective neutron target, especially in the polarizase, to obtain
information on the GPDs of the free neutron. In this talk, alistic
calculation of the unpolarized quark GPE!;3 of the 3He nucleus is
presented [2]. In Impulse ApproximatioH;j’ is obtained as a convolution
between the GPD of the internal nucleon and the non-diagspedtral
function, describing properly Fermi motion and binding. eTbbtained
formula has the correct forward limit, corresponding to tiseial nuclear
parton distributions, and first moment, giving the chargenftactor of*He.

H. (x5, &, A°=-0.25 GeV?
H2(xs, &5, A2=—0.15 GeV?) (s bs eV

Figure 1: As an ilustration, the GPB?2(z, ¢, A?) of 3He, for the flavour
u, is shown, in thet; = 3¢ range allowed af\? = —0.15 Ge\? (left) and
atA? = —0.25 GeV? (right).
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Nuclear effects, evaluated by the AV18 interaction, arentbto be larger
than in the forward case; they increase with increagidgat fixed asym-
metry ¢, and with¢ at fixed A2. Another relevant feature of the obtained
results is that the nuclear GPD cannot be factorized info’ alependent
and aAZ2-independent term. Prescriptions proposed for finite riuaie
found to give results at variance with the present appro@ble. relevance
of the obtained results to study the feasibility of DVCS expents is dis-
cussed.

References

[1] E.R. Berger, F. Cano, M. Diehl, and B. PirBhys. Rev. Lett87 142302
(2001); M.V. PolyakovPhys. Lett. B55557 (2003); V. Guzey and M.I. Strik-
man,Phys. Rev. 8015204 (2003); A. Kirchner and D. Mler, Eur. Phys.
J. C32347 (2003).

[2] S. ScopettaPhys. Rev. @0015205 (2004).
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A Three-Cluster Microscopic Model for the °H Nucleus

F. Arickx ', J. Broeckhove !, P. Hellinckx !, V.S. Vasilevsky 2,
A.V. Nesterov 2

LUniversity of Antwerp, Antwerp, Belgium
2Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine

The study of the states, and their properties, of nuclei Watige pro-

ton or neutron excess is a challenge in experimental andetieal nu-

clear physics. Usually these states manifest themselvessagances in
multi-cluster continua. The theoretical investigationromulti-cluster res-
onances requires the formulation of a model that takes thy@gpiboundary
conditions for the decay of the nucleus on three and morerfeags into

account.

In [1] we formulated a fully microscopic approach to studgosances em-
bedded in a three-cluster continuum, and reactions witketlofusters in
exit channels. It was shown in [2, 3] that this approach ig/\siritable

for the description of bound states of the Borromian nucféts and the
three-cluster continuum §He and‘Be.

Our current aim is to study the resonance statéblirand possible ways for
their experimental identification. We want to do this witktile microscopic
model, formulated in [1]. In this model the wave function iz form

Ui = 2{ [@ (*H) x1 (n) x2 (n)] ¢ frs (ai, Q2)}JM ; (1)

where® (*H) is an antisymmetric shell-model wave function describing
the internal motion of théH nucleus andy; (n) is a spin-isospin wave
function ofi-th neutron { = 1, 2). The Jacobi vectorg; andq, define the
distances between clusters.

In order to implement the proper boundary conditions forttivee-cluster
continuous spectrum states, and defineShmatrix to describe processes
in the three-cluster continuum, we make use of hyperspdienarmonics
(see details in [1-3]):

fro(a,d2) =Y Y CuyikciyisRyix () Uk, iz (6,1, G2)
Np K:ll,ZQ

wheref, q;, g2 are the hyperspherical angles amis the hyperspherical
radius.
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We used differeniV NV forces to determine the interaction between the clus-
ters*H+n andn + n, and to study the effects of the form dfN potential

on the position and decay time of resonance3HnWe also consider the
impact of the spin-orbital components of theV force on the properties of
the resonances states. To obtain stable and convergetsriesuhe energy
and width of a sufficient number of resonances, a distriboteadputational
approach is developed to allow for higfrvalues to be considered.

References

[1] V.S. Vasilevsky, A.V. Nesterov, F.Arickx, and J. Broeckhai2901) Phys.
Rev. C63034606.

[2] V.S. Vasilevsky, A.V. Nesterov, F. Arickx and J. Broeckhoa9Q1) Phys.
Rev. C63034607.

[3] V.S. Vasilevsky, A.V. Nesterov, F. Arickx and J. Broeckhoa9Q1) Phys.
Rev. C63064604.
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A Microscopic Model for Cluster Polarization, Applied to
the Resonances ofBe and the ReactiorfLi( p,2He)*He

V.S. Vasilevsky !, F. Arickx 2, J. Broeckhove 2,

T.P. Kovalenko !

Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine
2University of Antwerp, Antwerp, Belgium

As many of the light nuclei are weakly bound, they can chahgé size
and shape when interacting with other nuclei. We refer ®thienomenon
as cluster polarization. One expects cluster polarizatgpslay an impor-
tant role in reactions which involve light nuclei with sma#paration en-
ergy such as the deuterdi,i, “Li, and so on. It may be more pronounced
for small energies of the colliding nuclei.

To take into account cluster polarization we have formualaé¢hree-cluster
model in which the wave function is constructed in the form

U=A{D1 (Ay) Bs(A2) D3(Ag) [f1(x1, yi+falka, yotfalka, ya)l},  (2)

where®; (4;) are shell-model wave functions describing the internal mo-
tion of clusteri (: = 1,2, 3), andf; (x;,y;) are Faddeev components. The
Jacobi vectorx; andy; define the distance between thandk clusters,
and the distance between clustand the center of mass of thi@andk clus-
ters; the indexes, j, k form cyclic permutations of 1, 2, 3. Each Faddeev
componentf; (x;,y;) is expanded on combined Gaussian and oscillator
bases

NG NG o0

fi(xiyi) = DD D O D (xiby) P (yi,b)

o=1v=1n=0

where

2 L\Y2 2\ 1x2 -
oot = \eram () (52) oo {oaigf @

is a Gaussian function, and

2 (n!) 1
T(n+1; +3/2) b2

li+1 ~ Yi
X L’ﬂ+2 (PQ) : }/llm7 (yi)a (P = 3)

| 1
Pl exp(— 5 p?)x

(I)n (Yiv b) = (_1)77. 2
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is an oscillator function. Thd ¢{7%' ! are eigenfunctions of the two-
cluster hamiltonian, obtained witlVg Gaussian functions, and describe
the bound and pseudo-bound states of the two-cluster sebsydhe os-
cillator functions allow to implement the proper boundapnditions for
two-cluster bound and continuum spectrum states (sedsletfl—3]).

This microscopic model is applied to investigate the resoaastates ofBe
and the reactiofiLi (p,3He)*He in an energy range of astrophysical interest.
To this aim we consider the three-cluster configuratide + d + p, which
allows us to study the cluster polarization’bi as*He+ d, °Li as*He+ p
and®He asd + p.

References

[1] G.F. Filippov and I.P. Okhrimenko (1988ov. J. Nucl. Physiol. 32 p. 480.
[2] G.F. Filippov (1981)Sov. J. Nucl. Physiol. 33 p. 488.
[3] V.S. Vasilevsky and F. Arickx (1997 hys. Rewol. A55 p. 265.
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The Surface between QCD and Hadron Physics

H.V. von Geramb

Theoretische Kernphysik, UniverattHamburg
Luruper Chaussee 149, D-22761 Hamburg

The relativistic potential concept is fostered for the diggion of nucleon-
nucleon (NN) interaction and scattering for enerdies Tr., < 3 GeV.
We use a formalism, developed by Crater and Van Alstine Wordoupled
spin 1/2 particles in terms of coupled Dirac equations withstraint in-
stant form dynamics. Sets of coupled Dirac equations are aise reduced
into partial wave Sclirdinger type equations. We study and pp scat-
tering phase shifts for energies 0 to 3 GeV and the deuterancbetate.
The interactions are inspired and parameterized in terms 9f p, w and
o meson exchanges for which we adjust coupling constantss yiibids,
in the first instant, high quality fits to the Arndt phase shiitto 300 MeV.
Second, the potentials show a universal, independent frgular momen-
tum, core potential which is generated with the relatigistieson exchange
dynamics. Extrapolations towards higher energies, Up.tg equal 3 GeV,
allow to separate a QCD dominated short range zone as welletastic
nucleon excitation mechanism contributing to meson prodnc A lo-
cal short range optical model, replacing the short rangeomegchange
Dirac potential, produces exact agreement between thearand phase
shifts data. The optical model potentials reflect shortdigemplex multi
hadronic intermediate structure formation of which thelagitmodel pa-
rameters give a consistent picture. This phenomenologgaloach shows
the need to describe the short range NN interaction zofie0.8 fm with
a microscopic model. It implies using the quark content &f tiucleons
and gluon exchange as well as the need for a microscopiciggsirof
intermediateA and hadron pair excitations. The conventional soft or hard
core NN potentials remain valid for an effective short rahge energy
description.
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Intermediate Mass Fragment Production in Light lon
Reactions

F. Cerutti "2, F. Ballarini 3, G. Battistoni 2, P. Colleoni 2,
A. Ferrari*, S. V. Fértsch ®, E. Gadioli "2, M. V. Garzelli!,
A. Mairani 3, A. Ottolenghi 3, P. R. Sala?

! Dipartimento di Fisica, Universitdi Milano, Italy

2INFN, Sezione di Milano, Italy

3Dipartimento di Fisica Nucleare e Teorica, Univeisili Pavia and
INFN, Sezione di Pavia, Italy

4CERN, Switzerland (on leave from INFN, Sezione di Milano)
5iThemba Lab. for Accelerator Based Sciences, South Africa

A reaction between two heavy ions, being an interaction betviwo many
body systems, offers a complex variety of processes. Irtiaddd the de-
velopment of detailed analyses deeply investigating aiip@cocess, cov-
ering just a fraction of the reaction cross-section, it ipamant to be able
to give a comprehensive description including the leadesgtion mecha-
nisms and accounting for different observables. Such remgnt is essen-
tial for the increasing number of nuclear physics applarafields, like for
instance hadrontherapy and space radiation protectiowhioh the role
of heavy ions is crucial. In these fields, Monte Carlo codéaukating
the propagation of radiation into any complex geometry isimg of any
materials, may represent a very helpful tool on conditiat they are sup-
plied with reliable interaction models. Our collaboratierin charge of the
improvement of the nucleus—nucleus reaction treatmenta&hd interme-
diate energies (below 5 GeV/n) in the FLUKA code, which is@asingly
used inside the community of scientists.

Along last years, we could satisfactorily reproduce vesisets of data
at bombarding energies below 50 MeV/n within a semiclassipproach
based on the Boltzmann Master Equation theory and a binagnfenta-
tion model. Recently, we wanted apply our calculationsgbtir systems,
which are of particular interest for the mentioned appiarafields.

Besides the description of theoretical ingredients engdoy our analy-
sis, results concerning the C+Al system at 13 MeV/n, studietth in di-

rect and inverse kinematics so allowing to fix the calculatp@rameters,
will be shown. Furthermore, the approach used at highemg@we(above
100 MeV/n) will be briefly discussed together with some exEwpf its

predictive capabilities.
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Information Entropy and Nucleon Correlations in Nuclei

S.E. Massen !, V.P. Psonis !, A.N. Antonov 2

!Department of Theoretical Physics, Aristotle University of Thessa-
loniki, GR-54124 Thessaloniki, Greece

?Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy
of Sciences, Sofia 1784, Bulgaria

The information entropies in coordinate and momentum spaoé their
sum (S,., S, S) are evaluated for many nuclei using “experimental” densi-
ties or/and momentum distributions. The results are coatpaith the har-
monic oscillator model and with the short-range correlatistributions. It

is found thatS, depends strongly ol A and does not depend very much
on the model. The behaviour 6%, is opposite. The various cases we con-
sider can be classified according to either the quantity ®&ttperimental
data we use or by the values 6f i.e., the increase of the quality of the
density and of the momentum distributions leads to an irsered the val-
ues ofS. In all cases, apart from the linear relatiSh= a + b1n A, the
linear relationS = ay + by InV also holds. V is the mean volume of the
nucleus. IfS is considered as an ensemble entropy, a relation between
or V and the ensemble volume can be found. Finally, comparirigrdiit
electron scattering experiments for the same nucleus,fiusd that the
larger the momentum transfer ranges, the larger the infilomantropy is.

It is concluded thats could be used to compare different experiments for
the same nucleus and to choose the most reliable one.
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Analytic Description of Critical Point Actinides and Rare
Earths in a Transition from Octupole Deformation to
Octupole Vibrations

Dennis Bonatsos !, D. Lenis !, N. Minkov 2, D. Petrellis !,
P. Yotov 2

!nstitute of Nuclear Physics, N.C.S.R. “Demokritos”, GR-15310 Aghia
Paraskevi, Attiki, Greece

2|nstitute for Nuclear Research and Nuclear Energy, Bulgarian Academ
of Sciences, 72 Tzarigrad Road, BG-1784 Sofia, Bulgaria

An analytic collective model in which the relative presenck the
guadrupole and octupole deformations is determined by anpeter &),
while axial symmetry is obeyed, is developed [1]. The mottebk called
the Analytic Quadrupole Octupole Axially symmetric modé&lQOA)]
involves an infinite well potential, provides predictionsr fenergy and
B(EL) ratios which depend only om,, draws the border between the
regions of octupole deformation and octupole vibrationannessentially
parameter-independent way, and in the actinide regiorritdesovell>26 Th
and??6Ra, for which experimental energy data are shown to sugbaest t
they lie close to this border. The similarity of the AQOA risuwith
¢o = 45° for ground state band spectra afB{F2) transition rates to
the predictions of the X(5) model is pointed out. Analytidudimns are
also obtained for Davidson potentials of the fofth+ 35 /32, leading to
the AQOA spectrum through a variational procedure. In the earth re-
gion it is proved that the N=90 isoton&¥'Nd, 1°2Sm, 1°*Gd, and!°Dy,
which are known to provide the best examples of the X(5)aaitpoint
symmetry between quadrupole vibrations [U(5)] and axiadiupole de-
formation [SU(3)], also lie on the border between the regiofstable axial
octupole deformation and octupole vibrations, thus eximipia doubly crit-
ical character. Spectra and B(EL) transition rates areritestin terms of
the AQOA model including tunneling effects.

References

[1] D. Bonatsos, D. Lenis, N. Minkov, D. Petrellis, and P. Yotov, (20PBys.
Rev. Caccepted. nucl-th/0505017.
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Z(4): ~-rigid Solution of the Bohr Hamiltonian
for v+ = 30° Compared to the E(5) Critical Point
Symmetry

Dennis Bonatsos !, D. Lenis !, D. Petrellis !, P. A. Terziev 2,
l. Yigitoglu 23

nstitute of Nuclear Physics, N.C.S.R. “Demokritos”, GR-15310 Aghia
Paraskevi, Attiki, Greece

2Institute for Nuclear Research and Nuclear Energy, Bulgarian Acgdem
of Sciences, 72 Tzarigrad Road, BG-1784 Sofia, Bulgaria

3Hasan Ali Yucel Faculty of Education, Istanbul University, TR-34470
Beyazit, Istanbul, Turkey

A ~-rigid solution of the Bohr Hamiltonian for = 30° is derived, itsg-
part being related to the second order Casimir operatoretilclidean
algebra E(4). The solution is called Z(4), since it correxfsoto the Z(5)
model [1] with they variable “frozen”. Parameter-free (up to overall scale
factors) predictions for spectra and B(E2) transitionsate in close agree-
ment to the E(5) critical point symmetry, as well as to experital data in
the Xe region aroundl = 130.

References
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Critical Point Symmetries Derived from Davidson
Potentials through a Variational Procedure

Dennis Bonatsos , D. Lenis , D. Petrellis

Institute of Nuclear Physics, N.C.S.R. “Demokritos”, GR-15310 Aghia
Paraskevi, Attiki, Greece

Davidson potentials of the form? + 33/3% are known [1,2] to bridge
the U(5) and SO(6) [axial prolate SU(3)] symmetries, legdimthe E(5)
[X(5)] critical point symmmetries, through a variationabpedure in which
the rate of change of various physical quantiti®s & F(4)/E(2) ratios,
for example) is maximized. It is shown that the method alsok&/in the
Z(5) [3] and Z(4) frameworks, bridging the limits of vibratand rigid triax-
ial rotator, as well as in the framework of the Analytic Quaaivle Octupole
Axially symmetric (AQOA) model [4], bridging the limits ofibrator and
rigid axial rotator. Several monoparametric curves (csiroe which the
parameter value is changing along the curve, but are otkerparameter
independent) correlating various physical quantitiee (th bandhead to
the R, ratio [5], for example) are derived and compared to experiale
data.
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Nuclear Shape Dynamics in an Angular Momentum
Dependent Potential of Quadrupole and Octupole
Deformation Variables

N. Minkov 2, P. Yotov 12, S. Drenska !, W. Scheid 2,
Dennis Bonatsos 2, D. Lenis ?

Hnstitute of Nuclear Research and Nuclear Energy, 72 Tzarigrad,Road
1784 Sofia, Bulgaria

2Institut  fur Theoretische Physik der Justus-Liebig-Univéisit
Heinrich-Buff-Ring 16, D—35392 Giessen, Germany

3Institute of Nuclear Physics, N.C.S.R. “Demokritos” GR-15310 Aghia
Paraskevi, Attiki, Greece

We propose a collective Hamiltonian for the rotation—vilma motion of
nuclei in which the axial quadrupole and octupole degredseefdom are
coupled through the centrifugal interaction. The potérifathe system
depends on the two deformation variablsand 5. Its shape shows the
contributions of both degrees of freedom which determimestbitness of
the system with respect to the quadrupole and octupolelatsmils. The
contribution of the octupole deformation is consideredecstnaller com-
pared to that of the quadrupole deformation. In the limit &foaen g, the
system oscillates between positive and negative octupdt@mations by
tunnelling through the barrier of the double-well potehitiads;. When 3,
is let to vary, the system oscillates between the positivc re@gativess-
values by rounding the barrier in thig,, 53)— plane, instead of tunnelling.
The effects of “rounding” in the two-dimensional space amgltunnelling
in the one dimensional space are the respective physicafestations of
the octupole degrees of freedom in dependence on the quadidgforma-
tion properties of the system. We examine the consequente 6found-
ing” in the cases when i) the potential possesses fikednd 33 minima,
and ii) the minima increase with the angular momentum. Infitis¢ case
the spectrum of the system is characterized by a constaity phift effect,
while in the second one, the parity shift decreases withribeease of the
angular momentum. This result demonstrates the evolufignadrupole—
octupole shapes in nuclear regions where octupole vilmatiod octupole
deformations are observed.
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Transitional Nuclear Spectra within the Framework
of IVBM with 6-Dimensional Davidson Potential

A. |. Georgieva 2, H. G. Ganev', J. P. Draayer 2

nstitute of Nuclear Research and Nuclear Energy, Bulgarian Academy
of Sciences, Sofia 1784, Bulgaria

2Department of Physics and Astronomy, Louisiana State University, Ba-
ton Rouge,LA-70803, USA

A new dynamical symmetry of the Interacting Vector Bosons
Model (VBM), that starts with theSp(12, R) > SU(1,1) x SO(6)
reduction corresponds to the consideration of a model Hanin wich
contains 6-dimensional Davidson potential. Exact amastlutions for
its eigenstates are obtained in the basis defined by the aupghain of
SO(6) D SU3) ® O(2) D SO(3). This algebraic approach leads to
simple and direct applications of the theory to nuclear specansitional
between the rotational and vibrational cases. Somethinge renergy
spectra of nuclei at the critical point of phase/shape itiansare also
well reproduced, which is illustrated on the examplé®BBSm with proved
X (5) symetry.
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Electromagnetic Transitions in the Symplectic Extension of
Rotational Limit of the Interacting Vector Boson Model

H. G. Ganev, A. |. Georgieva , V. P. Garistov

Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy
of Sciences, Sofial784, Bulgaria

The tensor properties of all the generators of Sp(12,R) -gthap of dy-
namical symmetry of the Interacting Vector Boson Model (MB are
given with respect to the reduction chain Sp(12RY(6) D U(3) x U(2)
D O(3) x (U(1) x U(1)). Matrix elements of the basic building blocks of
the model are evaluated in symmetry adapted basis alongotisdered
chain. As a result of this, the analytic form of the matrixreémts of any
operator in the enveloping algebra of the Sp(12,R) can tmulzdéd. The
structure of E2 transition operator between collectivéestaf the ground
and first excited negative parity band is determined and eoisipn of its
matrix elements with the experimental data for nuclei ingdbgénide region
is presented.
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Analysis of New Experimental Data on'®°Dy Spectrum
with Interacting Vector Boson Model

V. P. Garistov 2, A. A. Solnyshkin 2, A. |. Georgieva !,
V. V. Burov 2, H. G. Ganev'

nstitute of Nuclear Research and Nuclear Energy, Bulgarian Academy
of Sciences, Sofia 1784, Bulgaria

2Joint Institute for Nuclear Research, Dubna, Russia

The experimental information on a large sequences of swites)™ =
0%,2%,4%,6™... , in a given nucleus is quite a lot. Many such well studied
nuclei can be listed. The theoretical approaches that deg¢@bxplain and
correctly describe all the data in this respect are seemingliebt to the
experiment. Analysis of the recently obtained experimledisa for col-
lective states ofC Dy is presented. The Interacting Vector Boson Model
(IVBM) was applied for the classification of low lying statesth positive
parity 0%, 2%, 4% 6% and for description of rotational ground , firgwith

K™ = 0%,y with K™ = 2% and two negative parity bands witi™ = 1~
and K™ = 2~. The energies of the bands are reproduced with high accu-
racy using only one set of the model parameters for all bandsaserage
energy deviatiorf| Eexpt — Fealc|) for all bands under consideration is less
than 9 KeV per point. Also, the comparison between experiraad cal-
culations for fifth order staggering function is presented.
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Study of Exited States in'>*Gd with AFRODITE
Spectrometer

G. Deyanova !, A. Minkova !, S. Lalkovski !,

J.F. Sharpey-Shafer 2, Simon Mullins 2, J.J. Lawrie 2,

Elena Gueorgieva-Lawrie 2, G. Mabala®

' Sofia University,Faculty of Physics, Department Atomic Physics

2iThemba LABS/UNV

Exited states in'°*Gd has been studied i?2Sm+ o —'%4 Sm+ 4n
reactions. Gamma rays has been detected with AFRODITE repeeter.
The yrast band is observed up tofi20The four negative parity bands are
confirmed up to 18. The two side bands, based on 2622 and 3155 keV
levels respectively are also observed.

The decay of} band levels is analyzed in framework of X(5) symmetry.
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Description of the Nuclear Octupole and Quadrupole
Deformation

P.G. Bizzeti
Dipartimento di Fisica, Universitdi Firenze and I.N.F.N., Firenze, Italy

The collective octupole and quadrupole excitations arestigated in the
frame of Bohr hydrodynamical model, using an intrinsic refeee frame
defined by the principal axes of the overall tensor of ineAiparametriza-
tion suitable to describe situations close to the axial sgtmyris discussed,
and elementary excitations carrying one, two or three wifitsxgular mo-
mentum along the approximate symmetry axis are identifigd [1

This theoretical frame provides the basis for specific modescribing par-
ticular situations of the collective nuclear motion, as thitical point of
phase transition in the octupole mode.
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Dibaryonic Degrees of Freedom in Hadronic and Nuclear
Physics

V.I. Kukulin
Institute of Nuclear Physics, Moscow State University

The basic aim of the talk is to show that the dibaryons (inddpatly upon
the fact of existence or nonexistence of narrow dibaryonasy tmecome
one of the main ingredients and degrees of freedom in hadiemi nu-
clear physics. It follows straightforwardly from the new db for nuclear
force [1,2], in which the intermediate-state dibaryonsyyikee role of main
carriers of strong interaction of nucleons at intermedaatd short ranges
in 2N, 3N and other nuclear systems. These intermediate-stateyditsr
or dressed six-quark bags M/ -scattering are strongly coupled to the ini-
tial and final N N-channels and thus they have large widths which prevent
their direct experimental evidence. However the new modlipts a lot of
new effects of dibaryons, which should be seen experimgnitahadronic
and nuclear processes. Some of these new predictions hameabeady
confirmed in numerous calculations made jointly in Moscow &oebin-
gen university groups. We enumerate shortly here only th&t mteresting
effects of dibaryons in hadronic and nuclear physics:

(i) partial restoration of chiral symmetry in multiquarke 6q, 9¢
etc) systems with the respective reduction of the scalar sigraaen
mass;

(i) enhancement of the near-threshaftiandz* 7, 7°7° — production
in pp, pd etc. collisions; explanation of the long-term ABC-puzzle;

(iii) enhancement of the vector-meson gadie ™) production in the GeV
region inpp, pd etc. collisions;

(iv) large yield of cumulative mesons and other hadronsdfstliexper-
imentally by Baldin with coworkers) ip-A, d-A etc. high-energy
collisions;

(v) new electro-magnetic currents related intimately @ dibaryon de-
grees of freedom, which contribute to the all deuteron echserv-
ables, like deuteron magnetic and quadrupole momentss cexs
tions of photo-disintegratioatc;
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(vi) some novel contribution to the Coulomb energies of aitlei (~

15%), which is able to explain the long-standing Nollen—Sdhiff
paradox;

(vii) large effects in many electromagnetic and weak preggsiccompa-
nied with high-momentum transfer.

In the talk we plan to discuss some of the above effects indiethil and

present numerous results of recent calculations which rcordur above
claims.
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Multiphonon Excitations in Heavy lon Collisions

E.G. Lanza

INFN and Dipartimento di Fisica dell’ Universif Catania, Italy and
Departamento de FAMN, Universidad de Sevilla, Spain

Recently heavy ion inelastic scattering experiments hkeegly shown the
existence of states in the high excitation energy regiorcvican be de-
scribed as a Giant Resonance (GR) built on top of another GR.sVs-
tematics on the energies and widths is in qualitative agee¢rwith the
harmonic approximation. However, the inelastic crossisest when cal-
culated within the harmonic picture, are almost always Emnahan the
measured ones. The discrepancy can range from 30% up taa 2act

In order to understand this discrepancy, corrections tb#neonic approx-
imations have to be included, like anharmonicities in thterimal hamilto-

nian and non-linearities in the external field. The effe¢these new terms
on the excitation probabilities of DGR have been studieti boschematic
model [1] as well as in realistic cases [2].

Starting from a microscopic approach based on RPA, mixingwaf-
phonon states among themselves and with one-phonon statessidered
within a boson expansion approach with Pauli correctiot& dalculations
are done by solving semiclassical coupled channel egugtiba channels
being superpositions of one- and two-phonon states. Asdpplication
of this approach, we have studied the relativistic Coulomditation for
208pp4208ph at /A = 641 MeV. The increase of the cross section in
the DGDR region is mainly due to the excitation of severalestavhose
population is strongly suppressed by selection rules whdraranonici-
ties and non-linearities are neglected. A good agreemehttive exper-
imental cross section has been found. A satisfactory agretim also ob-
tained when we extend the model by introducing both Coulomnd rau-
clear excitations [3] and perform calculations for the eyst*’Ca+*°Ca
at 50 MeV/u.

Motivated by these results and by the ones obtained by apmplyoson
expansion methods to an extended, exactly solvable, twal lapkin-
Menshkov-Glick (LMG) model, we have extented the microscaplcula-
tions to the study of three-phonon states [4] also becausg@ariment to
excite such states has been performed at GANIL. By diagringla quar-
tic microscopic Hamiltonian in the space of two- and thréeqon states
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one realizes that a correct description of a two-phonoe sé&gjuires the in-
clusion of one and three-phonon components. The anharityimanost

of the cases is of the order of 1 MeV. A very important role iaygd by

the monopole mode. We show that large amplitude motion iedustrong
coupling to giant monopole and quadrupole vibrations. @atons of the
inelastic cross section for the excitation of one- two- amee¢-phonons
states has been performed in the framework of the modelidedcabove.
The importance of the anharmonicity and non-linearity e@gain man-
ifested giving a good description of the experimental rssul
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The Nuclear Scissors Mode within Two Approaches
(Wigner Function Moments Versus RPA)

E.B. Balbutsev

Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region,
Russia

Two complementary methods to describe the collective motRPA and
Wigner Function Moments (WFM) method, are compared on an exam
ple of a simple model — harmonic oscillator with quadrupglgadrupole
residual interaction. It is shown that they give identicahfiulae for eigen-
frequencies and transition probabilities of all colleetexcitations of the
model including the scissors mode, which here is the subfemtir special
attention. The exact relation between the variables ofwtloeniethods and
the respective dynamical equations is established. Timsfoemation of
the RPA spectrum into the WFM one is explained.

In spite of 25 years of research and many valuable contdbatio the sub-
ject the subtleties of the scissors mode are still undertddthh The WFM
allows one to establish the optimum set of collective vdeisbquadrupole
moment, angular momentum, pressure tenstar, These variables are, in
the scheme of our formalism, absolutely unambiguous amghther with
the analytic solution, they allow for a maximum of physiaasight. First
of all, the inevitable coupling of the scissors mode with k@Vector Gi-
ant Quadrupole Resonance (IVGQR) becomes obvious alredldy stage
of formulation of the model. Furthermore, the Fermi surfde@rmation,
whose decisive role in the physics of the scissors modefisulifto predict
employing naive phenomenological models, appears in quioagh quite
naturally. The equations of motion for collective variabkre written in
the laboratory coordinate system, that allows one to getfrichy troubles
connected with spurious rotation, because the total angutenentum is
conserved. The orthogonality of the spurious state to albiglal states is
proved rigorously. Analytical expressions for energiediB)- and B(E2)-
values, sum rules and flow-patterns of the scissors mode\&B@R are
found for arbitrary values of the deformation paraméteBoth modes are
quite distinct: the low lying mode has essentially a rotaaidlow pattern,
whereas the high lying mode has essentially irrotationatatter. Accord-
ingly, the flow lines of the scissors mode are closed ellipsading to a
compression of the long axis, while the ones of the high lyimage are
open hyperbolas leading to an elongation of the long axi® arralytical
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form of our results is very convenient to study the defororatiependence
of the position of resonances and the transitions proligsiliin the small
o limit we mostly reproduce results already obtained by othéhors with
different methods. However, for largewe obtain predictions for superde-
formed nuclei. This area is practically new land still to bglered. Our
results are in good agreement with that of the only existirgg@scopic cal-
culation [5]. The normalization factor of the “syntheticissors state and
its overlap with physical states are calculated analyidal a first time.
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Exact Solutions of the Bohr Hamiltonian and Symmetries
of the Collective Model

Lorenzo Fortunato

Dip. di Fisica — Univ. di Padova, I.N.F.N. — Sez. di Padova, viti,
8 - 35131 Padova (Italy)

We review some recent developments of the Bohr-MottelsotleCve
Model. Namely we illustrate new analytic solutions of thehBdamil-
tonian with solvable potential¥/ (3, v), for a few cases of interest. In par-
ticular, after a brief review of the most important matheigatsolutions of
the problem [1], we concentrate on the potential of the Kawatigpe that can
be specialized tg—unstable, axial rotor and triaxial cases [2-4]. A charac-
teristic of many of these new solutions is to account+ersoft potentials
(in contrast with rigid models, like the Davydov model). Axeet solution
for triaxial rotors aroundy = 30° is analyzed and its generalization to the
sector0 < v < 60° is sketched. The symmetries and the group structure
SU(1,1), associated with some of the solutions mentionedeahre briefly
discussed. The connection with the issue of shape phasstivas and
critical point symmetries is discussed and an extensianth# celebrated
E(5) symmetry, to two-fluid systems in interaction is progbg5]. We
discuss in detail an application to the spectrum??®Ke.

References

[1] L.F., submittednucl-th/0411087

[2] L.F. and A.Vitturi, J. Phys. Q291341 (2003).

[3] L.F. and A.Vitturi,J. Phys. G30627-635 (2004).
[4] L.F., Phys.Rev. G0011302(R) (2004).

[5] L.F. and K.Heyde, submitted.

34 XXIV International Workshop on Nuclear Theory



Cluster Aspects of Binary and Ternary Fission

A.V. Andreev 1'%, G.G. Adamian 2, N.V. Antonenko 12,
S.P. lvanova 2, W. Scheid *

Hnstitut fur Theoretische Physik, Justus-Liebig-UniveisitGiessen,
Germany

2 Joint Institut for Nuclear Research, Dubna, Russia

Within the scission-point model the binary and ternary éissiof actinides
are considered. For binary fission, the explanation of bafitydeffect is
proposed. The scission configurations are considered asldar systems
(DNS). Analyzing potential energy of DNS with particular saand charge
asymmetries as function of fragment deformations, the mpiatable de-
formations of the fragments are obtained. It is found thahghted and
compact shapes correspond to scission configurations tsame mass
asymmetry and different charge asymmetries. This demeatestithat bi-
modality in fission of actinides at fixed mass splitting isatet! to different
charge splittings. The main features of mass distributfon®oth modes
are also well described.

For ternary fission of actinides, the scission-point-typmdet is used. The
scission configuration is considered as two heavy fragmetits light
charged particle between them. The potential energy oérdifft scission
configurations as function of deformations of two heavy fnegts is ana-
lyzed for ternary fission of°2Cf with *He, 1°Be and!C.

Attempting to reproduce the experimental data on chargglalition of the

fragments in these reactions, one can conclude on the misohahforma-

tion of ternary systems. It is shown that ternary system ca¢sappears
straightly from the initial nucleus, but as the second sfegr formation of

the DNS. Light charged particle is extracting from one of tieavy frag-

ments in the region of interaction or it can be constructeskokral alpha-
particles extracted from both fragments. In this way thegadistributions
are well reproduced.
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Emission of Intermediate-Mass Fragments in the
Interaction of Carbon and Oxygen with Heavy lons

A. Mairani ', F. Cerutti 2, E. Gadioli 2, L.J. Mudau 3,
E.Z. Buthelezi 3, S.V. Fértsch 3, G.F. Steyn®, S.H. Connell ¢,
A.A. Cowley °

1Dipartimento di Fisica Nucleare e Teorica, Univexsii Pavia and
INFN,sezione di Pavia, Italy

2Dipartimento di Fisica, Universitdi Milano and INFN,sezione di Mi-
lano, Italy

3iThemba Laboratory for Accelerator Based Sciences, Somersdf Wes
South Africa

4School of Physics, Witwatersrand University, Johannesburg, South
Africa

SDepartment of Physics, University of Stellenbosch, South Africa

There is an ever-increasing demand for the creation of datsbof ex-
perimental data and theoretical predictions concernimyyhén reactions
which could be used in interdisciplinary fields. The aim of oesearch
is just acquiring data which could provide this comprehensnforma-
tion and developing phenomenological theories able toodpre all mea-
sured observables in reactions induced by light ions, saéhGand!¢O.
These data include the spectra of many ejectiles and thesy@l recoil-
ing residues which are produced, and consist of the exaitétinctions for
production of a large number of residues in the interactiolf@ and'60O
with 193Rh at energies ranging from the Coulomb barrier up to 400 MeV
and of the emission spectra of light particles and interadednass frag-
ments (IMFs) in the interaction of these ions witiCo, **Nb and'*"Au. A
theoretical model able to afford a very reasonable repriooluof all these
data considering both the fusion GiIC and'¢O with the target nucleus and
their fragmentation followed by the fusion of one fragmeiittwthe target
nucleus is briefly outlined.
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A Realistic Calculation of the Effects of Nucleon-Nucleon
Correlations in High-Energy Scattering Processes Off
Nuclei

M. Alvioli !, C. Ciofi degli Atti ', H. Morita 2

! Department of Physics, University of Perugia and Istituto Nazionale di
Fisica Nucleare, Sezione di Perugia, Via A. Pascoli, -06123, Italy

2Sapporo Gakuin University, Bunkyo-dai 11, Ebetsu 069, Hokkaido,
Japan

A new linked cluster expansion for the calculation of groistdte ob-
servables of complex nuclei with realistic interactions Heeen devel-
oped [1-3]; using the V8’ potential the ground state enedgy)sity and
momentum distribution of complex nuclei have been caledaind found
to be in good agreement with the results of [4], obtained iwithe Fermi
Hyper Netted Chain, and Variational Monte Carlo [5] apphec Using
the same cluster expansion, with wave function and coioglsitparame-
ters fixed from the ground state calculation, the semi-gigkireaction of
type A(e, e'p) X has been calculated taking final state interaction effects
into account within a Glauber type calculation [6]; the camgon between
the resulting distorted and undistorted momentum distidbs provides an
estimate of the transparency of the nuclear medium to theagiation of
the hit proton. The effect of color transparency has alsm lmemsidered
within the approach of [7]; it is shown that at high values finite for-
mation time effects strongly reduce the final state intévaciconsistently
with the idea of a reduced interaction of the hadron produnsidle the
nucleus. The total neutron-nucleus cross section at theyiesehas also
been calculated [9] by considering the effects of nucleodeaon correla-
tions, which are found to increase the total cross sectioalmut10% in
disagreement with the experimental data. The inclusiomeifistic shad-
owing effects [10, 11] decreases the cross section, leadimagfinal good
agreement between experimental data and theoreticalatdms.
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Charge and Matter Distributions and Form Factors
of Light, Medium and Heavy Neutron-Rich Nuclei

A. N. Antonov !, D. N. Kadrev !, M. K. Gaidarov !,
E. Moya de Guerra 2, P. Sarriguren 2, J. M. Udias 2,
V. K. Lukyanov %, E. V. Zemlyanaya 4, G. Z. Krumova °

!nstitute for Nuclear Research and Nuclear Energy, Bulgarian Acgdem
of Sciences, Sofia 1784, Bulgaria

2Instituto de Estructura de la Materia, CSIC, Serrano 123, 28006 Madrid,
Spain

3Departamento de Fisica Atomica, Molecular y Nuclear, Facultad de
Ciencias Fisicas, Universidad Complutense de Madrid, Madrid E-
28040, Spain

4Joint Institute for Nuclear Research, Dubna 141980, Russia

SUniversity of Rousse, Rousse 7017, Bulgaria

Results from calculations on charge form factors of severatable
neutron-rich isotopes of light, medium and heavy nuclei, (HeNi, Kr, Sn)
are presented and compared to those of stable isotopessanteisotopic
chain. For the lighter isotopes (He and Li) the proton andnoewdensities
are obtained from microscopic large-scale shell-modelutations, while
for heavier ones Ni, Kr and Sn the densities are calculatedkformed
self-consistent mean-field Skyrme HF+BCS method. We alstpene pro-
ton densities to matter densities together with their gpoading rms radii
and diffuseness parameter values. Whenever possible cismpaf matter
densities and rms radii with available experimental datdge performed.
Calculations of form factors are carried out both in Born ragpnation
and by numerical solving the Dirac equation using the cpoeding nu-
clear charge distribution. These form factors are sugdessepredictions
for the future experiments on the electron-radioactiverbealliders where
the effect of the neutron halo or skin on the proton distidng in exotic
nuclei is planned to study and thereby the various the@etiodels of
exotic nuclei will be tested.

Rila Mountains, Bulgaria, June 20-25, 2005 39



High-Spin States in'®Ir
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We investigated high-spin states i#? Ir which were populated by in the
181Ta’Be, 5n) reaction at 55 MeV. The nuclear gamma-decay has been
measured with EUROBALL IV spectrometer. The level schemé®olr

was extended considerably and DCO ratios were measuréd,, and
wds /o rotational bands have been obsered to high spin and an laregu
structure of most probably single-particle origin was fdtm compete with

the rotational bands abod& = 17/2~S. The backbanding in different
bands was found to occur at different frequensies whichtiigated to the
rotational alignment of different pairs of nucleons.
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Hadron Form Factors: Status and Perspectives

Egle Tomasi-Gustafsson
DAPNIA/SPhN, CEA/Saclay, 91191 Gif-sur-Yvette Cedex, France

Form factors, since decades, are an active field of expetahand the-

oretical studies, as they describe the internal, dynansitatture of the

nucleon. Recently, the possibility to access very shotadises, has given
evidence of interesting and unexpected features. For deaitngppeared
that the electric and magnetic distribution inside the qmoare different

and that the neutron electric form factor is small but canceoisidered as
vanishing. The deuteron can be considered as composed byoa and a
neutron, even when one looks at distances where the twoangkhould

be overlapping. In next future, nucleon form factors willdbedied at larger
momentum transfer, where the charge proton form factorcceanish and
even become negative, if the present tendency is extragbldoreover,

great progress is expected in time-like region, accessistaigh annihi-

lation reactions, at Frascati and at the FAIR facility, atlG®me of the

theoretical models will be discussed in oder to stress tled figr a global

representation, in the full kinematical region. of the maci.
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Two-Photon Exchange Effects in the Proton Form Factors
Measurements at Jefferson Lab

L. Pentchev

The College of William and Mary, Willimasburg, Virginia
on leave from INRNE, Sofia, Bulgaria

Recent Jefferson Lab measurements [1, 2] of the protoriefasin factor
ratio G, /G4, using polarization method showed significant linear desgea
of the ratio with increasing)? up to values of 5.6 Ge¥/ The data surpris-
ingly deviates from the view commonly accepted before arsktanep
cross-section measurements using the Rosenbluth sepanagithod, that
the two form factors fall at similar rates with?. The discrepancy between
the two methodsis a serious problem as it generates confusion and doubt
about the whole methodology of lepton scattering experisidB].

Two-photon exchange process is considered to be the mekt ikplana-
tion. Recent GPD [4] and hadronic [5] model calculations a8 as fits to
the data, indicate that the two-photon corrections to tlessection and
to the polarization components are of the same order antivedlasmall,
about several percents. These corrections, however, arghkrto affect
the Rosenbluth separation significantly, while the pokdion results re-
main almost unchanged.

Several forthcoming experiments at Jefferson Lab aim tedtigate the
discrepancy. In the one-photon exchange approximatiomtbin form
factor ratio obtained from the polarization method at fixgt, does not
depend on the value of the virtual photon longitudinal gaktions. Mea-
surements [6] of the form factor ratio as a functiorz ofill test the validity
of the polarization method and can identify deviations frame-photon ex-
change approximation.

I will review both the theoretical and the experimental gathat aim to
reconcile the discrepancy.
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Jefferson Lab Experiments Shed new Light on the Proton

Vina Punjabi
Norfolk State University, Norfolk, VA 23504

The electromagnetic form factors of the nucleon descrila@gghand cur-
rent distributions inside the nucleon and thus are quiteately related to
its structure. In two experiments 93-027 (1998) and 99-@&UDQ) at Jef-
ferson Lab the ratio of the electromagnetic form factorshef proton was
obtained by measuring?, and P, the transverse and longitudinal recoil
proton polarization irep — ep; in one-photon approximatio& s, /G arp

is proportional taP; / P,. Simultaneous measurementffand P, provides
good control of the systematic uncertainty.

An initial measurement of th€' g,/ G, ratio was made in Hall A at JLab

to Q% = 3.5 GeV? [1] with unprecedented accuracy. The results demon-
strated unambiguously for the first time that t9é dependencies afx,
andG,y, are different from one another. The rafi6 g, /G, Was found

to decrease linearly witfp?, down to 0.6 at)? = 3.5 GeV2. The results

of a second measurement of this ratio with similar accurstogy that the
ratio decreases further to 0.28@t of 5.6 Ge\? [2]. In the non-relativistic
limit, this indicates that the spatial distributions of ol and magnetiza-
tion current densities in the proton are different.

Double spin experiments [3, 4] measure the produig}, G, as well as
(Gump)?, and hence determine the relative sign of the form factotse T
combined results of the two JLab experiments were surgrigimthey ap-
peared to contradict the consensus based on Rosenblutfatepaesults
for (Ggp)? and(G arp)?: the ratiou, G g,/ G, Obtained with the Rosen-
bluth method appear to be near 1 up to 5 G€\5]. This un-bridgeable
difference between cross section and polarization exgaristhas been re-
inforced with two recent JLab Rosenbluth experiments [6jtrqppears
increasingly difficult to explain it away by methodologiaal systematic
errors [8].

These two experiments contribute to the characterizatfidhe structure
of the nucleon, which is of fundamental importance to nuciea particle
physics. In fact, precise knowledge of the elastic formdecf the nu-
cleon is a prerequisite for the test of any theory of strongraction based
on QCD.

We are currently preparing a third experiment at JLab, tinie tin Hall
C, to extend the?-range to 9 GeV [9]. This high priority experiment
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requires a new polarimeter to be installed in the focal ptafribe high mo-
mentum spectrometer, and a new large acceptance caloritoetetect the
electron. Both instruments are now in an advanced stagenstreation.
The experiment will be ready to go on the Hall C floor in the dgart of
2005.
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New Clues for the B(E2: Q”—2/") Behavior around %®Ni:
Seniority and p-n Interaction
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The B(E2: ¢ —2]) (B(E2)) reduced transition probability of an even-
even nucleus is correlated to the possibilities to perfdrom the single-
particle level spectrum of the ground state, excitatiorslileg to the2;
state. Its value is then very sensitive to the (sub-)sheitsire. The differ-
ence of B(EZ) behavior observed iff-**Ni and®-7°zn [1] is important to
understand since concerning the still discussed N=40 kalbosure.

In recent theoretical papers [2,3] tA&%8Ni B(E2) decrease is discussed
using different calculations performed on Ni isotopes pinlyelation with
the size of the N=40 sub-shell closure. In another paper{dft-70zn
B(E2) values are analysed on the basis of shell-model calcutatien
formed only inS2-79Zn. Nevertheless, the Ni and Zn B(E2urves exhibit
features, also observed in heavier nuclei wih M40, that a N=40 gap
does not allow to explain.

Taking into account these common features, we have anatiisegkperi-
mental B(E2) values as a function of N using curves obtained in an approx-
imation of the generalized seniority which gives a very demgxpression

of the B(E2).

Our analysis casts a new light not only on the Ni and Zn BjEfer-
ence but on the whole B(E2¢volution from the Ni up to the Se isotopes.
The reproduction of this evolution requires a complex sdistructure in
which the p-n interaction plays an important role [5]. It gagts a scenario
locating the sub-shell closure at N=38, and a small spadihg40 which
diminishes with Z as indicated by the excited spectra in tfg:Ni and Zn
isotopes.

It is worth noting that the predictions ensuing our caldoled have been
very recently confirmed by results obtained recently at Gamithe °Ni
and™2zn B(E2) [6], at Isolde on"*~78Zn (preliminary) [7,8]. The results
obtained at Riken on th&—89Ge [8] fit also pretty well with our scenario.
All these new results will be discussed and compared wittptedictions
of other theoretical approaches.
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Isoscalar and Isovector Pairing within the SO(5)
Richardson-Gaudin Exactly Solvable Model
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Recently is has been demonstrated that the properties stensyf nucle-
ons interacting via isoscalar or like-particle pairing &ul/ector or proton-
neutron pairing can be described by the generalized Risbar@Gaudin ex-
actly solvable model within the SO(5) algebra [1]. We prédba results
for a system of 12 pairs occupying tfag shell model space. For T=0 this
is the®¥Ge nucleus considered as%Ca core and 12 valent neutrons and
12 valent protons.

References

[1] J. Dukelsky, V. G. Gueorguiev, P. Van Isacker, (2004§l-th/0406001

48 XXIV International Workshop on Nuclear Theory



Ground State Energies for the Neutral and 1s Core-lonized
Helium-Like Atoms from Lithium to Xenon
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The non-relativistic energy magnitudes for the groundestditls Helium
isoelectronic series with atomic number Z from 2 to 54, ateutated. Cal-
culations are performed using an explicitly correlatea tiiave-function of
the generalized Hylleraas type. We have developed a \vameltprocedure
that allows solving the two-particle Scitinger equation for a practically
unlimited number of parameters in a series of trial wavesfioms along the
positive degrees of Hylleraas coordinates. The contdbstio the energy
for the various parameters is investigated. The so-callassApolarization
correction to the non-relativistic energy is also studiBlde results obtained
are compared to available data from other authors. Onedimoté that up
to now such data have been computed only for atomic numbersnz 2
tol2.

In order to investigate the contribution of the nuclei mosoof non-
relativistic energies for 1s — Helium isoelectronic seviesperformed cal-
culations for a number of nuclides of one and the same protonrdber
and of various neutron number.
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