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Short-Range Correlations and Two-Body Density Matrix in Nu
leon Systems
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e

Short-range 
orrelations (SRC), a 
onsequen
e of the strong and repulsive short-range 
ompo-

nents of a realisti
 nu
leon-nu
leon potential, 
ontinues to be an open issue in nu
lear physi
s [1℄.

The last few years the two-body density matrix and its various Fourier transforms [2℄ are 
onsid-

ered as key des
riptors of SRC representing the next stage of 
omplexity beyond the one-body

density matrix and the single-parti
e momentum distribution. They appear in the analysis of

re
ent and future experiments fo
using mainly on quasielasti
 ele
tron s
attering ((e,e'), (e,e'N),

(e,e'2N)) at rather high momentum transfer.

In this work, �rst I review brie
y our 
al
ulations of the half-diagonal two-body density matrix
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) and of the generalized momentum distribution �(~p;
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Q) in in�nite nu
lear matter

[3℄ as well as those of �(~p;

~

Q) and of the two-body momentum distribution �

2

(~p

1

; ~p
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) in doubly-

magi
 nu
lei [4℄ within variational theory. Then, I am referring to our analysis in terms of �

2h

of the in
lusive (e,e') s
attering o� nu
lear matter at the quasielasti
 regime for momentum

transfer in the range 1GeV/
 < j~qj <2GeV/
. Work is in progress to improve our 
al
ulations

in �nite nu
lei, to extend them to other quantities both in nu
lear matter and �nite nu
lei and

to use our results in the analysis of quasi-elasti
 ele
tron s
attering experiments (e,e'), (e,e'N)

and (e,e'2N) at large momentum transfer.
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SEENet: The South-East European nuclear physics Network.

S. Harissopulos
NCSR ”Demokritos”, Inst. of Nuclear Physics, 153.10 Aghia Paraskevi, Athens, Greece.

The South-East European Nuclear Physics Network (SEENet) was formed re-
cently by 10 SEE research institutions. This report aims at presenting the status
and the perspectives of SEENet.

1



The new critical-point symmetries E(5) and X(5) in nuclear structure:

Searching for empirical evidences via lifetime measurements

S. Harissopulos, G. Kalyva, A. Spyrou, D. Bonatsos
NCSR ”Demokritos”, Inst. of Nuclear Physics, 153.10 Aghia Paraskevi, Athens, Greece.

A. Dewald, A. Fitzler, B. Saha, A. Linnemann, O. Möller
Universität zu Köln, Institut für Kernphysik, Zülpichetstr. 77, D-50937 Köln, Germany.

R. Vlastou
NT University of Athens, Dept. of Physics, Zographou Campus, 15780 Athens, Greece

D. R. Napoli, M. Axiotis, C. Rusu, N. Marginean
INFN, Laboratori Nationali di Legnaro, Legnaro, Italy.

S. M. Lenzi, C.A. Ur
Dipartimento di Fisica dell’ Universita and INFN-Padova, Padova, Italy

D.L. Balabanski
Faculty of Physics, University of Sofia, BG-1164 Sofia, Bulgaria.

For more then 25 years, the Interacting Boson Approximation (IBA) model has pro-
vided a very sound theoretical ground for the description of the stucture at low excitation
energies of transitional nuclei. This description was realized by means of dynamic sym-
metries resulting from the U(6) Lie algebra. Hence, in the “elementary” formulation of
IBA, i.e. IBA-1, one obtains three different chains of subalgebras from the “initial” U(6)
algebraic structure. These chains are known as the U(5), SU(3) and O(6) limits that
represent idealized limits of nuclear structure. Thus, U(5), SU(3) and O(6) correspond to
harmonic vibrators, deformed symmetric rotors, and γ-unstable nuclei, respectively.

Recently, a new class of dynamic symmetries, the so-called E(5) and X(5) critical point
symmetries, have been introduced by F. Iachello [1, 2]. These symmetries describe systems
that undergo phase transitions between the two -out of the three- different structure limits
of the Interacting Boson Approximation Model (IBA-1). Hence, X(5) corresponds to a
phase transition when going from the rotational (SU(3)) to the vibrational limit (U(5)),
whereas E(5) is the phase transition point from the vibrational to the γ-soft (O(6)) limit
(see fig. 1). The excitation spectra of nuclei resembling these new symmetries can be easily
obtained from simple expressions. Hence, E(5) and X(5) can provide a very pedagogical
picture of nuclear structure. Based on the existing nuclear structure data, some nuclei
have been proposed as the best X(5) or E(5) candidates. Following these suggestions,
experimental works aiming at providing an empirical evidence of these symmetries are
under progress.

This report aims at reviewing the experimental effort made so far in terms of lifetime
measurements. Recent experiments are presented and further measurements are proposed
and discussed.
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Proton capture reactions of medium-heavy nuclei
relevant to the p-process

A. Spyrou, G. Kalyva, S. Galanopoulos, P. Demetriou, and S. Harissopulos

Nuclear Astro*Group, Institute of Nuclear Physics, NCSR “Demokritos”,
15310 Aghia Paraskevi, Athens, Greece.

M. Fey, R. Kunz, and J.W. Hammer

Institut für Strahlenphysik, Universität Stuttgart, Stuttgart, Germany

Several cross section measurements mainly of proton capture reactions of nuclei in
the Se-Sn region have been carried by the Demokritos Nuclear Astrophysics group in
collaboration with the IfS, Stuttgart in order to contribute to a database needed for
calculations that are relevant to the modeling of p-process. In this contribution, we re-
port on the cross section measurements carried out for the reactions 103Rh(p,γ)104Pd,
113,115In(p,γ)114,116Sn and 121,123Sb(p,γ)122,124Te. The data are compared with the pre-
dictions of the Hauser-Feshbach theory.
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Measurements of Fission Cross Sections of Actinides in the n_TOF Facility at 
CERN  

 
The n_TOF   Collaboration 

 
Presented by Christos Eleftheriadis 

Aristotle University, Nuclear Physics and Elementary Particles Division, Thessaloniki, Greece 
 
Abstract 
 
Trans-Uranium elements (TRU) are built up in nuclear reactors based on the U/Pu nuclear 
fuel cycle, constituting the most important hazard for nuclear waste management. All 
proposals to reduce the radiotoxicity of nuclear waste containing TRU rely on neutron 
induced fission and capture. The response of any waste burner (e.g. criticality conditions) to 
the presence of TRU is directly linked to the capture and fission cross sections of TRU 
isotopes, such as 237Np, 241Am, 243Am and 245Cm. The fission cross sections of TRU are 
therefore fundamental elements in the assessment of feasibility studies of nuclear waste 
transmutation. 
Measurements of neutron induced fission cross sections of the isotopes mentioned above are 
proposed for the n_TOF neutron beam. Two sets of fission detectors will be used: one based 
on PPAC counters and another based on a fast ionization chamber (FIC). For the entire set 
of measurements, a total of 5 x 1018 protons are requested. 



234 U (n, f), 235 U (n, f) and 238 U (n, f) cross-section measurements with the FIC detector 

 
D. Karadimos (1), P. Assimakopoulos (1), K. Ioannides (1),N. Tsagas (2), P. Pavlopoulos (5),  

D. Karamanis (1), N. Patronis (1),K. Stamoulis, D. Cano Ott (3), V. Vlachoudis (4),  
P. Cennini(4), V. Ketlerov(4), V. Konovalov(4), L. Zanini(4), 

for the n _ TOF collaboration.  
 

(1) Laboratory of Nuclear Physics, University of Ioannina, 45110 Ioannina.  
(2) Democritus University of Thrace, (3) CIEMAT, (4) CERN,  

(5)Pole Universitaire Leonardo de Vinci 
 
 

Abstract 
 
The measurements which are presented here are part of the nTOF experiments, which   take 
place at the installation of CERN in Geneva and aim the determination of cross-sections of 
fissions caused by neutrons in nuclei of the isotopes 230Th, 232Th, 231Pa, 233Pa, 232U, 233U, 234U 
and 236U. These isotopes play an important role in the Th cycle, which is used by ADS systems 
for the production of energy and the “incineration” of nuclear waste. 

For the calculation of the 234U cross-section the FIC (Fast Induction Chamber) detector 
was used, placed in front of the neutron beam. A 234U sample was placed in the detector as well 
as 235U and 238U. The signal was digitized by means of a flash ADC and was stored in the hard 
disk of a  computer for off- line analysis.  

The data were analysed using pulse shape analysis techniques, so that fission events were 
separated from other channels. The number of fissions of 234U nuclei per neutron energy were 
determined using neutron flux values calculated from 235U and 238U fissions, for which the 
cross-section is accurately known.  



Κατανοµή νετρονίων θρυµµατισµού κατά µήκος ευρέως στόχου Pb 
 
 
Μ. Φραγκοπούλου

α, Μ. Μανωλοπούλου
α, Σ Στούλοςα, A. Sosninb, M. Krivopustovb, 

W. Westmeirc, R. Brandtc , M. Debeauvaisd και Μ. Ζαµάνηα 
 
α Αριστοτέλειο Πανεπιστήµιο Θεσσαλονίκης τµήµα Φυσικής, Θεσσαλονίκη 54124 

b Joint Institute for Nuclear Research, 141980 Dubna, Russia  
c Philipps Universitat, D-35032 Marburg, Germany 

d Institut de Recherche Subatomique, F-67037 Strasbourg, France 
 
 
 

Abstract 
 

 
Με την βοήθεια της ανάλυσης που περιγράφεται στους επιταχυντές σωµατιδίων 

υψηλών ενεργειών, η οποία αφορά τις αντιδράσεις θρυµµατισµού, µπορούν να 

αναλυθούν και να εξηγηθούν τα πειραµατικά δεδοµένα των πειραµάτων που 

πραγµατοποιήθηκαν στο JINR στην Dubna. Στα πειράµατα αυτά στόχος Pb, ο οποίος 

περιβάλλεται από παραφίνη, ακτινοβολήθηκε από δέσµη πρωτονίων εύρους 

ενεργειών από 0.65GeV - 7.4GeV. Αποτέλεσµα αυτής της ακτινοβόλησης είναι η 

παραγωγή πρωτογενών και δευτερογενών σωµατιδίων θρυµµατισµού, κυρίως 

πρωτονίων και νετρονίων. Η παραγωγή αυτή µελετάται σαν συνάρτηση της ενέργειας 

της δέσµης. Από την γωνιακή κατανοµή των πρωτογενών και δευτερογενών 

σωµατιδίων στο χώρο, µπορεί να υπολογιστεί και η κατανοµή των νετρονίων κατά 

µήκους του στόχου. Οι υπολογισµοί και τα πειραµατικά δεδοµένα είναι σε πολύ καλή 

συµφωνία.      



Measurements of energy loss of charged particles travelling in crystalline 

materials along the channeling direction 

 

M. Kokkoris, a, R. Vlastou1b, C.T. Papadopoulosb, X. A. Aslanoglouc, E. Kossionidesa,  

and R. Grötzscheld,  

a Institute of Nuclear Physics, NCSR ‘Demokritos’,GR-153 10 Aghia Paraskevi, Greece 

b Department of Physics, National Technical University of Athens, GR-157 80, Greece 

c Department of Physics, The University of Ioannina, GR-451 10 Ioannina, Greece 

d Institute of Ion Beam Physics and Material Analysis, Forschungszentrum Rossendorf, Dresden, Germany. 

Abstract 

The energy loss of charged particles channeled along a low index axis of a crystal, is only a fraction 

of the corresponding one along the random direction of incidence. An accurate knowledge of α, the ratio 

of the energy loss for channeled versus randomly incident particles for different crystals is important for 

both basic physics studies as well as rapidly growing applications. Most of the experiments carried out in 

the past in the transmission geometry  for many crystals, reported values for α ranging between 0.3 and 

0.7.  

Following the pioneer works of the last decade [1, 2], a new approach has been proposed recently, 

based on the use of a nuclear resonance as a marker for the range, and on the assumption of an 

exponential rate of dechanneling of the incoming particles.The experiments were performed using the 5.5 

MV Tandem Accelerator at N.C.S.R. ‘Demokritos’, Athens, Greece and the 3 MV TANDETRON 

Accelerator at Forschungszentrum, Rossendorf, Dresden, Germany. Protons and alphas were accelerated 

to energies 1.7-2.5 and 3.0-3.5 MeV, respectively  and were lead to high accuracy goniometer chambers.  

This method led to the successful simulation of backscattering spectra in the systems p+28Si 100 

[3], p+28Si 111 [4], p+SiC, p+SiO2 [5] and α+SiO2, α+MgO, α+Al2O3 [6]. In this approach, the 

dechanneling process is defined by only two parameters, the average ratio, α, of stopping powers in the 

channeling and random directions (over the energy range in which the particle travels inside the channel) 

and the mean channeling distance, λ. This technique allows in situ measurements and can be applied to 

several bulk single crystals (simple or compound) without any particular sample preparation, combining 

NRA and channeling. 
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