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Progress in gaseous detectors 
 

Ioannis Giomataris,  
IRFU, CEA, Universite Paris-Saclay, F-91191 Gif-sur-Yvette, France 

 
 
A brief review on Micromegas detector with current developments and future projects will be 
presented. The detector is used in several experiments in both particle and nuclear physics. 
Particular attention will be devoted to the neutron detection and to large volume devices for 
nuclear astrophysics and nuclear structure experiments. This device is also used for solar 
axion search at CERN. A new development aiming to reach picoseconds time resolution is 
under way by an international collaboration. This is a challenge for future ultra-high-
luminosity accelerators as well as for particle identification.  

A new type of gaseous detector based on a spherical geometry will also be presented. 
The detector consists of a large spherical gas volume with a central electrode forming a radial 
electric field. A small spherical sensor located at the center is acting as a proportional 
amplification structure.  

The spherical detector combining sub-keV energy threshold and versatility of the 
target (Ne, He, H) opens the way to search for ultra-light dark matter WIMPs down to 100 
MeV. The next project NEWS-G, under construction, is a large detector that consists in a 
selected pure copper sphere of 1.4 meter of diameter to be installed at SNOLAB-Canada. 
This device can detect neutrinos from a nuclear reactor through neutrino-nucleus elastic 
interaction, neutrinos from supernova explosions and is competitive for double beta decay 
search using Xe-136 high-pressure gas target.  
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A novel Beam Loss Monitor for the ESS Linac, based on a Micromegas 
neutron detector 

 
Thomas Papaevangelou 

IRFU, CEA, Universite Paris-Saclay, F-91191 Gif-sur-Yvette, France 
[The ESS-nBLM team] 

 

 
The detection and continuous monitoring of beam losses is crucial for the safe operation for 
high intensity linear accelerators, such as the ESS Linac, because even the loss of a small 
fraction of the beam could result in significant irradiation and damage of accelerator 
equipment. A Beam Loss Monitor (BLM) system must be capable of detecting the smallest 
possible fraction of beam loss, approaching 0.01 W/m, in order to prevent activation of 
machine components and allow hands-on maintenance. A common way to monitor losses is 
by detecting the secondary radiation that follows the impact of the lost particles to the 
accelerator materials. However, especially at the first stages of the accelerators (proton 
energies <100 MeV), typical BLMs based on charged particle detection (i.e. Ionization 
Chambers) are not suitable because the expected particle fields will be dominated by neutrons 
and photons. Another issue is the photon background induced by the RF cavities, due to field 
emission from the electrons forms the cavity walls, resulting in bremsstrahlung photons. 

The idea for the new BLM system (ESS-nBLM) is to use Micromegas detectors that 
are designed to be sensitive only to fast neutrons and insensitive to low energy photons (X 
and gammas) and to thermal neutrons, since they may not be directly correlated to beam 
losses. The appropriate configuration of the Micromegas operating conditions will allow 
excellent timing, strong intrinsic suppression of gamma background and possibility to count 
individual neutrons, extending thus the dynamic range to very low particle fluxes. The 
concept of the ESS-nBLM system, as well as the performance of detector prototypes from 
tests in several irradiation facilities, will be presented here.  
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The Nuclear Engineering and EMINE Master Programme, at KTH Royal 
Institute of Technology, in Stockholm, Sweden 

 
 

Elina Charatsidou 
Students Ambassador of Royal Institute of Technology 

 
 
 
Elina Charatsidou is a graduate from the Physics Department of AUTH. She is currently 
studying at KTH, Royal Institute of Technology in Stockholm, Sweden. She is enrolled at the 
Nuclear Energy Engineering Master’s Program, and she is the student ambassador at the 
master’s program as well. Through this position at KTH, she is responsible for informing 
institutions and perspective students worldwide, about studies in Sweden, at KTH, and at the 
Nuclear Energy Engineering and EMINE Master’s Programs. During the presentation, 
information will be given for the application process students should follow, information for 
dates and deadlines, steps to be taken after they are being accepted at KTH, as well as 
information about the student life in Stockholm, tuition fees, courses included in the 
curriculum, and future job perspectives offered in Sweden. Lastly, students will have the 
opportunity to ask specifically directed questions for any of the aforementioned topics, 
receiving answers coming from a student with similar educational background, and based on 
the training she has received as a student ambassador as well as from experience gained 
throughout this year.  
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From Nuclei to Stars with a Relativistic Density Functional  
 

Stefan Typel1,2 
1 Technische Universität Darmstadt, Institut für Kernphysik, Schlossgartenstraße 9, 64289 Darmstadt, Germany 

2 GSI Helmholtzzentrum für Schwerionenforschung GmbH, Planckstraße 1, 64291 Darmstadt, Germany 
 
 
 

A generalized relativistic density functional (gRDF) with density-dependent meson-nucleon 
couplings [1-4] is developed for a unified description of nuclei and strongly interacting 
matter, in particular for astrophysical applications. The parameters of this phenomenological 
model are obtained from a fit to nuclear binding energies, charge form factor data (charge and 
diffraction radii, surface thicknesses) and spin-orbit splitting of a set of nuclei. The resulting 
nuclear matter parameters are very reasonable and the predicted neutron matter equation of 
state (EoS) is consistent with ab-initio calculations using chiral effective field theory. The 
nuclear symmetry fulfills current experimental and theoretical constraints.  

Light and heavy nuclei are included as explicit degrees of freedom. Their dissolution 
is described with the help of medium-dependent mass shifts that mainly originate from the 
action of the Pauli principle. Consistency with the virial EoS at very low densities is achieved 
by including two-nucleon correlations in the continuum in an effective way [5]. The emission 
of light nuclei in heavy-ion collisions [6] and α-particle correlations at the surface of Sn 
nuclei [7] are studied as examples for experimental tests of the model.  
EoS tables for astrophysical simulations [8], e.g., core-collapse supernovae and neutron-star 
mergers, are generated in a wide range of densities, temperatures and isospin asymmetries. 
Thermodynamic properties and the chemical composition of compact star matter are 
extracted. A first-order phase transition at high densities is modeled with a modified 
excluded-volume mechanism [9]. Finally, some problems [10] are discussed and an outlook 
is given.  
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First Coherent Elastic ν-Nucleus Scattering (CEvNS) measurements and 
the potential new physics involved 

 
 

Theocharis S. Kosmas 

Department of Physics, University of Ioannina, Greece 

 

 
Motivated by the recent observation of coherent elastic neutrino-nucleus scattering (CEvNS) 
at the COHERENT experiment [1-2], we explore its potential in probing important nuclear 
structure parameters. By means of a dedicated statistical analysis [3-5], constraints are 
extracted on the harmonic oscillator size parameter, the neutron radial moments as well as on 
important parameters entering the definition of the neutron form factors. The attainable 
sensitivities and the prospects of improvement regarding the next phase of the COHERENT 
experiment are also considered and analyzed on the basis of two upgrade scenarios [6].  

Finally, encouraged by our successful application of the Non-Standard-Interactions 
(NSIs) and the novel vector Z' or the scalar φ mediators [NSI and U'(1) scenarios] to the 
CEvNS event rates measured at Oak Ridge with the COHERENT neutrino experiment, we 
provide improved interpretation of these data and subsequently we extract sensitive 
constraints to the standard and non-standard model physics [6]. 
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Proxy-SU(3) predictions 
 

Smaragda Sarantopoulou 

 Institute of Nuclear and Particle Physics, National Centre for Scientific Research “Demokritos”, Greece 
 

 
Using a new approximate analytic parameter-free proxy-SU(3) scheme, we make simple 
predictions of shape observables for deformed nuclei, namely γ and β deformation variables, 
BE(2)s, lifetimes, spectra, the global feature of prolate dominance and the locus of the 
prolate-oblate shape transition.  
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A mechanism for shape coexistence  
 

Andriana Martinou 

INPP Demokritos, 15310 Aghia Paraskevi, Athens, Greece 
 

A mechanism for shape coexistence is proposed. The mechanism is activated by large 
deformation and involves the coupling of the nuclear shells 6-14, 14-28, 28-50, 50-82, 82-
126 with the harmonic oscillator shells 2-8, 8-20, 20-40, 40-70, 70-112 respectively. The 
outcome is, that the phenomenon may occur in certain islands on the nuclear map. The 
mechanism predicts without any parameters, that nuclei with either proton number (Z), 
whether neutron number (N) between  8, 18-20, 34-42, 60-72, 96-116 are candidates for 
shape coexistence. Predictions for the energy and the shape of the  states are made. In the 

 island of inversion the mechanism predicts, that an inversion of the  states occurs at 
N=18.  
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State-of-the-art of neutron activation analysis at Frank Laboratory of 
Neutron Physics of Joint Institute for Nuclear Research, Dubna, Russia 

 
Marina Frontasyeva 

 
Sector of Neutron Activation Analysis and Applied Research, Division of Nuclear Physics, Frank Laboratory of 

Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russian Federation 
 
The history of the development of neutron activation analysis in the Laboratory of Neutron 
Physics at Joint Institute for Nuclear Research is briefly outlined. Created under initiative of 
Academician I.M. Frank in the 1960s,a small group now turned into a large international 
team involved in projects in the framework of programs coordinated and supported by IAEA, 
the European Union, the Russian Fund for Basic Research(RFBR), as well as grants of 
Plenipotentiaries of JINR member states. Modernization of the pneumatic system equipped 
with three automatic sample changers and created NAA database to automate the 
measurement and processing of gamma spectra of induced radionuclides are described. 
Experience in the Life Sciences and Materials Science is summarized. Examples are given of 
projects related to the monitoring of atmospheric deposition of heavy metals and 
radionuclides carried out in the framework of the United Nations Program on Long-Range 
Transboundary Air Pollution in Europe (UNECE ICP Vegetation), a project to assess the 
state of the environment in Egypt, based on the analysis of soil and the sediment basin of the 
river Nile, as well as project on monitoring trace elements in aquatic ecosystem in the 
Western Cape, South Africa («Mussel Watch Program»), etc. In combination with 
microscopy, the synthesis of nanoparticles of various metals via biotechnology is studied. 
Our investigations on applying NAA to solve the problem of industrial wastewater treatment 
were awarded Gold Medals by the European Union, in 2013 and 2015. New areas of research 
–study of natural medicinal plants and search for cosmic dust in natural planchettes (Arctic 
and Antarctic mosses, Siberian peat bog cores, etc) –reflect the public and scientific interest 
in these topics. Future extensions of th sector ́s research isconnected with the radioecological 
studies using precision gamma-spectrometry and a low-background laboratory for carrying 
out measurements of natural and anthropogenic radioactivity. Perspective of creating the 
Centre of Collective Useageat the planned Dubna Neutron Source of the fourth generation 
(DNS-4) to be put into operation in 2035-2036is mentioned. 
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Response of Radiation Portal Monitors to gamma radiation and detection 
capability of Orphan Radioactive Sources in scrap loads 

 
F. Leontaris1, S. Xanthos2, G.Takoudis3, A.Clouvas1 

 
1Nuclear Technology Lab., Department of Electrical and Computer Engineering, AUTH, Greece. 

2Department of Automation, Alexander Technological Educational Institute of Thessaloniki, Greece 
3 European Commission DG- Energy, B-1040 Brussels/Belgium 

 
Radiation Portal Monitors (RPM) are commonly used to detect and intercept unauthorized movement 
of nuclear and other radioactive materials both at borders and within States. Furthermore, portal 
radiation detectors are commonly used by steel industries in the probing and detection of radioactivity 
contamination in scrap loads. The detectors typically used in RPM are organic scintillating detectors. 
In this work two different Radiation Portal Monitors were studied:  The first one is   located in the 
“EVZONI” Greek border.  This RPM is a double pillar portal monitor with two polystyrene (PS) 
scintillating detectors per pillar.  Spatial and Spectral response measurements were conducted with 
four radioactive point sources (Cs-137, Co-60, Eu-152 and Ba-133). Through the electronic circuit of 
the detector an energy region- of interest window can be determined in order to focus on the detection 
of certain radionuclides.  The response was taken for three energy regions (low energy, high energy 
and total energy response). Simulations of the detector were carried out using the MCNP code. The 
measured spatial response of the plastic detector depends both on the energy window used and on the 
radioactive source itself. MCNP simulations can describe sufficiently the total energy response 
characteristics, while in the other two cases are qualitative and quantitative discrepancies, which can 
be explained due to the light transfer mechanisms (attenuation) within the scintillation volume.  Light 
transfer mechanisms are only modeled in optical simulation tools (e.g. GATE) and not in gamma ray 
particle simulation tools (MCNP). Minimum Alarm Activities for unshielded Cs-137 and Eu-152 
point sources were estimated to 5.2 µCi Cs-137 and 3 µCi Eu-152. The second Radiation Portal 
Monitor is a portal monitor with two PVT scintillating detectors per portal. This RPM is located 
inside a steel factory in order to detect radioactivity contamination in scrap loads.  The RPM was 
opened, and all principal materials were simulated. Simulations were validated by comparison with 
corresponding measurements. An experiment with a uniform cargo along with two sets of 
experiments with different scrap loads and radioactive sources (Cs-137 and Eu-152) were performed 
and simulated.  Simulated and measured results suggested that the nature of scrap is crucial when 
simulating load-detector experiments. The simulated results were in very good agreement in the case 
of the uniform cargo. For scrap loads, simulated densities 1.3 and 1.4 g cm-3 produce results that are 
close to the measured ones. Using Monte Caro simulations, a series of runs were performed in order 
to estimate the Minimum Alarm Activities “MAA” for Cs-137, Co-60 and Ir-192 sources for various 
simulated scrap densities.  The highest MAA values for the highest average scrap density tested (ρ = 
1.3 g · cm-3) were 5 mCi for Cs-137, 0.2 mCi for Co-60 and 18 mCi for Ir-192. Finally Monte Carlo 
simulations were performed for the determination of the distance needed from an unshielded and lead 
shielded Cs-137 radioactive source in order to detect the source. The results were compared with 
analytic calculations and with the results obtained from web (on line dose rate calculators). 
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Electret Ion Chambers for Environmental Gamma Monitoring 
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2Greek Atomic Energy Commission, GR-15310 Agia Paraskevi, Greece 
 

 
 
Electret ion chambers (EIC) are inexpensive, light-weight, commercially available, passive 
charge-integrating devices for accurate measurement of different radiations. EIC are mainly 
used for short- or long-term radon measurements. However, with small modifications EIC 
can be used for other type of radiations. Particularly, electret ion chambers become gamma 
monitors when sealed in a radon leak tight enclosure. The use of EIC as gamma monitors is 
not relative common (in comparison to TLDs which are used in the majority environmental 
gamma monitoring). The main scope of this work is to investigate the capabilities of electret 
ion chambers to measure ambient gamma dose equivalent H*(10) or ambient gamma dose 
equivalent rate. The ambient equivalent dose H*(10) is a measurable equivalent of the 
effective dose, which quantifies the risk to human health associated to radiation exposure. 
This quantity was introduced by the International Commission on Radiation Units and 
Measurements (ICRU) back in 1985 and its use is also strongly recommended by ICRP, 
IAEA and other organizations and metrological institutes such as NIST, NPL. The 
capabilities of electret ion chambers to measure mean ambient dose equivalent rates   were 
investigated by performing both laboratory and field studies of their properties.  First, electret 
ion chambers were “calibrated” to measure ambient gamma dose equivalent in the Ionizing 
Radiation Calibration Laboratory (IRCL) of the Greek Atomic Energy Commission. The 
electret ion chambers   were irradiated with different gamma photon energies and different 
angles. Calibration factors were deduced (electret's voltage drop due to irradiation in terms of 
ambient dose equivalent).  Based on these calibration factors, the mean ambient gamma dose 
equivalent rate was measured with electret ion chambers (for three times five months period) 
at eight locations belonging to the Greek early system network (which is based on Reuter-
Stokes ionization chambers). In the same locations, in-situ gamma spectrometry 
measurements were performed with portable germanium detectors and the gamma ambient 
dose equivalent rates were deduced. The mean ambient dose equivalent rate measured with 
the passive dosimeters in the different locations was compared with those measured by the 
portable germanium detectors and Reuter-Stokes ionization chambers. The influence of 
cosmic radiation and the intrinsic voltage loss when performing long-term environmental 
gamma measurements with electret ion chambers was estimated. 
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The APAPES project at the tandem accelerator facility of "Demokritos": A 
progress report 

  
E.P. Benis1, I. Madesis2, 3, A. Laoutaris2, 3, S. Nanos1, 3 and T.J.M. Zouros1, 2 

 
1Department of Physics, University of Ioannina, GR 45110 Ioannina, Greece 

2Department of Physics, University of Crete, Voutes campus, GR 71003 Heraklion, Greece 
3Tandem Accelerator Laboratory, INPP, NCSR Demokritos, GR 15310 Ag. Paraskevi, Greece 

 
 
The APAPES project (atomic physics with accelerators: projectile electron spectroscopy) has 
established in Greece the discipline of Atomic Physics with accelerators. The experimental setup 
is currently fully operational at the tandem accelerator facility of "Demokritos" [1]. The APAPES 
research interests are primarily focused οn collision dynamics investigations by exploiting the 
possibilities offered by the metastable He-like (1s2s 1,3S) ion beams at collision energies of few 
MeV/u [2]. He-like beams are routinely delivered by tandem accelerators in a (1s2 1S, 1s2s 1,3S) 
mixed-state content. However, our group has developed a technique that allows for determining 
the ion beam content and, in cases, even separating the contributions of the ground, 1s2 1S, and 
metastable, 1s2s 1,3S, ion beam states, to the Auger projectile electron spectra [3,4]. Based on 
this, we have initiated a systematic isoelectronic investigation on: (a) the production of Li-like 
1s2s(3S)nl 2,4L states by direct nl transfer and transfer-excitation processes. These studies, among 
others, shed light onto the long-standing controversy about the population enhancement of the 
1s2s2p 4P state from higher lying quartet states through the selective cascade feeding mechanism 
[5,7]. (b) The production of 2s2p 1,3P hollow states by excitation, double excitation and transfer 
loss processes. Our experimental data are in accordance with state-of-the-art theoretical three-
electron atomic orbital coupled channel calculations using the semi-classical close-coupling 
approach [8]. Here, experimental results to date will be reported, while the overall progress of the 
APAPES project and near future plans will be reviewed.  
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Production of hollow 2s2p 3,1P states in collisions of 
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The production of the doubly-excited 2s2p 3,1P hollow states in collisions of fast (few 
MeV/u) He-like C4+ (1s2, 1s2s) mixed-state ion beams with gas targets is reported. He-like 
beams are routinely delivered by tandem accelerators in a (1s2 1S, 1s2s 1,3S) mixed-state, 
the content of which depends on the type of ion-stripper (gas or foil), as well as the stripping 
energy [1]. Based on metastable fraction-controlled measurements of the Auger decay spectra 
of the 2s2p 3,1P states [2] and a technique developed by our group that allows for 
determining the ion beam content [3,4], we have initiated a systematic isoelectronic 
investigation on the processes contributing to the production of the doubly excited 2s2p 3,1P 
hollow states. These include the first order process of direct electron excitation, the second 
order processes of double electron excitation and the process of electron transfer-loss. So far, 
we have performed experiments for collision energies between 0.5 and 1.5 MeV/u C4+ with 
H2, He, Ne and Ar gas targets. Our experimental results are accompanied, for the case of He 
gas targets, with state-of-the-art theoretical three-electron atomic orbital coupled channel 
calculations using the semi-classical close-coupling approach [5]. Calculations are seen to 
overall reproduce the experimental data after accounting for the ion beam metastable content, 
and thus, provide valuable quantitative information about the processes involved.  
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Neutron-deficient lanthanides are a subject of interest from many perspectives. Not only can 
they provide information about the neutron shell closure at N=82, but they can also indicate 
where the proton drip-line lies in this region. In addition, since some lanthanides are anchors 
of alpha decay chains, they can give valuable information about the progenitors and 
intermediate nuclei. To this end, the masses of neutron-deficient lanthanides, approaching the 
atomic number 150, were measured at TRIUMF’s Ion Trap for Atomic and Nuclear science 
(TITAN). TITAN specializes in high-precision mass measurements and in-trap decay 
spectroscopy, which recently was equipped with a Multi-Reflection Time of Flight mass 
spectrometer (TITAN MR-ToF) that can be used either as an isobaric separator or a mass 
spectrometer. For this experiment, radioactive ion beam from the TRIUMF’s Isotope 
Separator and Accelerator (ISAC) was used to trap and measure neutron-deficient lanthanides 
in TITANs Multi-Reflection Time of Flight mass spectrometer. Mass-selective re-trapping 
was used for the first time with radioactive beam and resulted in suppression of the 
background by four orders of magnitude. This allowed the measurement of the masses of 
neutron-deficient lanthanides, Yb and Tm. Not only were many uncertainties reduced but also 
some measured for the first time. Preliminary results on the impact of these mass 
measurements to the evolution of the neutron shell closure at N=82 will be presented. 
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Neutron capture reactions play an important role in the galactic chemical evolution since they 
are responsible for the synthesis of the nuclei heavier than iron. The (n, γ) cross section of 
selenium isotope 74Se from 10 keV to 1 MeV was experimentally determined via activation 
methods using a bremsstrahlung photon beam delivered by an electron medical accelerator. 
The generation of 75Se nuclei proceeds via both neutron capture and photonuclear reactions at 
a medical linear accelerator environment, and the respective photon and neutron emission 
contribution has been calculated. The theoretical estimation of both the photonuclear and the 
neutron-capture cross-section of the 74Se were performed using the TALYS 1.8 code, whilst 
the weighted neutron capture cross-section was calculated using the FISPACT-II code with a 
reference neutron spectrum. The results prove that the methodology applied in this work is 
useful to carry out similar nuclear astrophysics studies at medical centers in the future.  
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Submarine groundwater discharges are known to be a significant source of chemical 
substances, nutrients and pollutants in the coastal zone [1], while in some cases the amount of 
water from submarine sources are much greater than the terrestrial discharges [2]. In addition, 
significant amounts of radionuclides are also discharged since groundwater is particularly 
enriched in natural radionuclides, mainly due to weathering from the subsoil. For this reason 
a number of natural radionuclides have been extendedly used as radio-tracers of hydrological 
processes [3]. As a result the radiological study of submarine springs is significant for the 
qualitative characterization of the water as well as for the estimation of key parameters like 
water age, groundwater and seawater mixing, groundwater coastal residence time, discharge 
rate and flux. 
 In this work, a preliminary study of Anavalos submarine springs at Kiveri by a variety 
of radiometric measurements is presented. The main geomorphological features, the 
catchment area hydrology and the origin of the groundwater outflows are discussed reviling 
the significance of the study area as a test site of radio-tracers application. Lab-based and in 
situ measurements were performed for the determination of the main radionuclides found in 
the groundwater, including radium isotopes pre-concentration and direct measurement of 
water samples with an HPGe detector as well as underwater gamma ray spectrometry. 
Finally, regarding water quality the main heavy metal concentrations and basic physical 
properties are also presented.   
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The DIAPHANE detector is a plastic scintillator comprised of three detecting planes, which 
was established next to Apollonia’s tumulus in the frame of the ARCHé project (a 
collaboration of three French universities with the Aristotle University of Thessaloniki), 
during the summer of 2018. The objective of this project was the investigation of the 
effectiveness of muon tomography and of this specific detector on a small scale geological 
structure. For this purpose, open sky data obtained by the DIAPHANE detector oriented 
vertically for a total operating time of 21.5 hours was processed and analyzed. First results of 
the performance of the detector and the cosmic muons angular distribution are presented. 
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The diffusion of Li+ in rutile TiO2 has been studied extensively with a plethora of 
experimental and computational methods, as Li+ is known to move very fast through the c-
axis channels, making it a prime candidate for a Li-ion battery anode material. Nonetheless, 
there are still many puzzling aspects of rutile lithiation, such as why the Li+ uptake is so 
limited, as well as why there is such disagreement between the diffusion rates found with 
different techniques or between the theoretically and experimentally found diffusion barrier. 
To elucidate the properties of the Li motion in rutile we applied the β-NMR technique, which 
uses the asymmetry of the β-emissions from a spin-polarized beam of 8Li to detect the 
fluctuation of the electric field gradient (EFG) felt by 8Li due to its diffusing motion. Above 
200 K, we found an Arrhenius relationship of the fluctuation rate with temperature, with 
activation energy in agreement with other studies, but with a corresponding diffusion rate 
significantly faster than other reported values. In addition, below 100 K a second Arrhenius-
like component was revealed, which was attributed to the formation of Li-polaron complexes 
at that temperature range. This second component was thought to be non-diffusing.  

Nonetheless, β-NMR infers indirectly the diffusion rate, based on the fluctuation rate 
of the EFG due to the 8Li+ motion, with the assumption that all fluctuations correspond to Li 
hopping. A direct technique applicable to the nanoscale could give further insights into the Li 
motion in rutile. To that end, we developed and employed the 8Li α-radiotracer technique, 
which makes use of the rapid attenuation of the subsequent α-particles from the decay of 8Li 
inside the sample.  

We implanted a pulsed beam of 8Li+ within 120 nm of the surface of a c-axis 
oriented single-crystal rutile TiO2. We placed the α-detector at a grazing angle from the 
surface and thus the rapid attenuation of α provided a sensitive monitor of the distance from 
the surface. Our main findings were that Li+ traps (with a probability > 50 %) at the sample 
surface, which explains the suppressed Li intercalation in rutile. In addition, we found that 
the temperature dependence of Li diffusivity is described by a bi-Arrhenius expression, with 
a diffusion barrier in agreement with other studies above 200 K, but with a second, 
previously unknown component at lower temperatures, with activation energy in agreement 
with DFT calculations and our β-NMR measurements. Thus, we established that (at least part 
of) the second Arrhenius component revealed with β-NMR at low-T is related to actual 
diffusion. As it is possible to perform both β-NMR and α-radiotracer measurements at the 
same time, using the same radioactive 8Li+ beam, we believe that the coupling of the two 
techniques can become a valuable tool in the study of Li diffusion in the nanoscale. 
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Radiation accidents led to the birth of an area in physics, accidental dosimetry. 
Thermoluminescence (TL) is a basic application tool in radiation dosimetry. Its main 
application is οn the determination of absorbed dose due to radiation events, over and above 
the normal background radiation. Several materials have been studied as potential accidental 
dosimeters [1]. The attention is focused on materials which can be found in the anthropogenic 
environment, but also on materials that are probable to be found on a person, or even 
assembled in a person, like biomaterials which are widely used in surgical and dentistry 
applications [2]. Feldspathic porcelain (FP) has been widely used in dentistry and is the most 
applied material as veneer layer in metal-ceramic restorations. The present work is aiming to 
prove this material as an accidental personal dosimeter. For this purpose, freshly prepared 
and in-vitro aged samples were examined, and the measurements were also applied in in-vivo 
aged samples which were collected from patients. The majority of relevant scientific works 
are referred only to laboratory prepared samples [3]. It is a unique experiment that aims to 
study both in-vitro and in-vivo aged samples and their dosimetric properties. Additionally, 
characterization analysis (FTIR, XRD, SEM-EDS) was applied to every step of the aging, in 
order to examine if TL can be established as a characterization method of the aging progress 
of FP. 
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Calcium sulfates (dehydrate, hemihydrate and anhydrous CaSO4) have been widely used as a 
main component of artifacts, including paintings and sculptures. In direct dating, 
Luminescence techniques are widely used because of their absolute results. Preliminary 
Thermoluminescence (TL) measurements on commercial gypsum [1] and both commercial 
and mineral calcium sulfates [2] indicated the presence of stable TL peaks along the 
dehydrate and hemihydrate samples, despite their water content. 

In the framework of this study, the three aforementioned groups of calcium sulfates are 
being investigated regarding their luminescence properties, including their TL, optically 
stimulated luminescence (OSL) and infrared stimulated luminescence (IRSL) properties.  
Their TL, OSL and IRSL features are further supported by dose response measurements, in 
order to investigate their linearity behavior and to estimate their lowest detection dose limits 
(LDDL). The calcium sulfates under study -both of commercial and mineral origin- are 
additionally characterized by means of Fourier Transform Infrared spectroscopy (FTIR) and 
X-Rays Diffractometry (XRD). 
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Particle Induced Gamma – ray Emission (PIGE) is a widely used Ion Beam Analysis 
technique suitable for the detection and quantification of low Z elements in complex 
matrixes. While its use has started as early as the 1960’s, its analytical power hasn’t been full 
explored mainly because of the lack of suitable and reliable cross section data and dedicated 
computer codes for the analysis of the experimental results. IAEA has launched in 2012 a 
Coordinated Research Program aiming at curing these drawbacks and enhancing PIGE use. 
The Tandem Accelerator group, participating in this effort, has measured a number of 
gammas producing differential cross section data and made them available to the scientific 
community through the IBANDL database. Moreover, in an effort to validate the new results, 
as well as existing ones, a new method for benchmarking differential cross section data has 
been established. Finally, a new computer code named PiGreCo, has been developed in order 
to facilitate and spread PIGE use for the quantification of light elements. An overview of this 
ongoing effort will be presented.  
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Neutron elastic or inelastic scattering cross sections for light nuclei have been required for 
development of fusion reactor designs. Using TALYS 1.8 nuclear code, we have calculated 
neutron elastic angular distribution from 19F and 12C target nuclei at some energy. 
Theoretically evaluated cross section of elastic scattering have been presented in graphs and 
compared with experimental values which are available in EXFOR nuclear data library. 
Theoretically evaluated and experimental cross section values are in good agreement. 
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Light elements find various technological applications in the industry. They are crucial in the field of 
material analysis due to their presence in glasses, ceramics, and polymers, while they are also 
frequently added in metallic alloys in order to improve their corresponding properties, such as, 
hardness, wear and heat resistance, or rigidity. Nitrogen and silicon are heavily used in the 
semiconductor and insulator technology, since the latter is the key component in wafers on which 
integrated circuits are built and the former is a common dopant for the creation of n-type 
semiconductor. Beryllium has also recently emerged as an important material in plasma facing 
components of controlled fusion devices, while lithium, due to the high neutron cross section (~940 
barn) of 6Li, that readily fissions, is the main source of tritium which is used in biochemical research, 
thermonuclear weapons and future controlled fission. Consequently, the accurate quantitative 
determination of light-element depth profile concentrations in a variety of matrices is of enormous 
importance in contemporary science and technology. This determination can best be accomplished via 
the implementation of IBA (Ion Beam Analysis) techniques and more specifically via ERDA (Elastic 
Recoil Detection Analysis), for ultra-thin surficial layers and NRA (Nuclear Reaction Analysis) due 
to the production of isolated peaks (due to the high Q-values involved) with negligible background. 
At the same time, the use of a deuteron beam provides high depth resolution, deep layer analysis and 
allows for the simultaneous study of most of the light isotopes/elements coexisting in a target. The 
implementation of d-NRA could be further greatly enhanced if one could also coherently analyze the 
elastic scattering spectra which are simultaneously acquired using the same experimental and 
electronics setup. However, the general applicability of d-EBS is still limited nowadays, mostly 
because of the lack of reliable and coherent datasets of differential cross-sections in literature for 
energies and angles suitable for IBA. Hence in the present work a comprehensive review is presented 
concerning results obtained over the last 3 years for deuteron elastic scattering on many important 
stable light elements and isotopes, such as 6Li, 7Li, 9Be, natN, 19F, 23Na, natSi and 31P at energies and 
angles suitable for analytical purposes. In several cases the obtained differential cross-section datasets 
were also benchmarked using thick targets of accurate stoichiometry. All measurements were carried 
out at the 5.5 MV Tandem Accelerator of N.C.S.R. “Demokritos”, Athens, Greece. The experimental 
setup consisted of a high-precision goniometer, along with six silicon surface barrier (SSB) detectors 
(500µm in thickness). Most of the obtained differential cross-section datasets are already available to 
the scientific community via IBANDL (Ion Beam Analysis Nuclear Data Library - https://www-
nds.iaea.org/exfor/ibandl.htm) 
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Nuclear electromagnetic moments are extremely sensitive probes of nuclear structure 
providing critical information on the nuclear wavefunctions the shapes of nuclei. The 
importance of moments measurements is more than ever highlighted today by the urge to 
understand the evolution of structure at the extremes of the nuclear chart, which are almost 
completely unexplored. FAIR is a flagship European nuclear facility under construction, 
which aims at producing currently unavailable exotic species, laying grounds for new and 
important discoveries on both proton– and neutron–rich sides of the isotopic chart regarding 
nucleon-nucleon interaction, magic shells, deformation, and shape evolution/coexistence 
among others. 

gSPEC is a recently proposed experimental apparatus at FAIR to focus on magnetic 
moments measurements. The experimental setup will incorporate the state–of–the–art 
segmented DEGAS detectors in an optimized configuration inside a strong magnet. The 
novel physics cases targeted by gSPEC, the technical design and challenges, as well as 
preliminary R&D work will be reported. 
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The ground state properties of the nuclei are generally calculated using two different 
methods, namely Skyrme-Hartree-Fock (SHF) and the Skyrme-Hartree-Fock-Bogolyubov 
(SHFB) methods. In this study, the densities and rms radii for both proton and neutron of 
Nickel isotopes were calculated using Hartree-Fock-Bogolyubov method with different 
Skyrme set parameters, especially SLy4, SkM*, and SIII set parameters. Theoretical 
calculated charge density compared with experimental data of Angeli and Marinova (2013). 
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The cross section of the reaction 203Tl(n,2n)202Tl, has been measured by the activation 
method, at neutron energies 17.7 MeV and 19.3 MeV, relative to the 197Au(n,2n)196Au and the 
93Nb(n,2n)92mNb reference reaction cross sections. The monoenergetic neutron beam was 
produced at the 5.5 MV Tandem accelerator of NCSR Demokritos, by means of the 
3H(d,n)4He reaction, implementing a Ti-tritiated target consisted of 2.1 mg/cm2Ti-t layer on a 
1 mm thick Cu backing for good heat conduction. The target assembly was placed at about 2 
cm from the tritium target thus limiting the angular acceptance to ±15°, where the produced 
neutrons are practically isotropic and monoenergetic. The flux variation of the neutron beam 
was monitored by a BF3 detector placed at a distance of 3 m from the neutron source and a BC501A 
liquid scintillator. 

After the end of the irradiation, the activity induced by the neutron beam at the target and 
reference foils was measured by a HPGe detector of 50% relative efficiency, which was 
properly shielded with lead blocks in order to reduce the contribution of the natural 
radioactivity. Monte Carlo simulations implementing the MCNP code have been carried out 
in order to account for gamma-ray self-absorption effects as well as for the estimation of the 
neutron flux by means of the reference foils.  
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Abstract 

Medical radioisotopes are used to label some special chemical compounds to form 
radiopharmaceuticals, which are used extensively in the field of nuclear medicine in three main 
branches: i) diagnostic procedures, resulting in images of the involved organs via emission 
tomography, ii) radionuclide techniques that are used for the analysis of important substances in blood 
or tissue samples, and iii) radiation therapy, where the tissues or organs are treated with radiation and 
restored to their normal functions.   

In the present work, we study the production of molybdenum and technetium isotopes motivated 
by their uses in nuclear medicine. Excitation functions of interest involve: natMo(p,x)99Mo, 
natMo(p,x)94gTc, natMo(p,x)95gTc, natMo(p,x)96(m+g)Tc and natMo(p,x)99mTc. We present a comparison 
between recently published experimental data [1] with theoretical calculations using the code TALYS 
[2]. We discuss the role of various Mo isotopes in the natural Mo target on the production yields.  
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Bremsstrahlung photon beam delivered by linear electron accelerator has been used to 
determine the near threshold photonuclear cross section data of nuclides. The (γ, n) cross 
section data was obtained for the astrophysical important isotopes of Tin [112Sn, 114Sn, 118Sn 
and 124Sn]. Moreover, theoretical calculations have been applied using the TALYS 1.6 code. 
The photon flux was monitored by measuring the photons yield from seven well known (γ, n) 
reactions from the threshold energy of each reaction up to the end-point energy of the photon 
beam used. An integrated cross-section 39 ± 8 mb is calculated for the photonuclear reaction 
112Sn (γ, n) at the energy 10.8 - 14 MeV. The integrated cross-section of 114Sn (γ, n) reaction 
at the energy 10.3 - 14 MeV was also estimated 54 ± 11 mb while the integrated cross-section 
of 118Sn (γ, n) reaction at the energy 9.3 - 14 MeV was determined as well 1.1 ± 0.4 mb. 
Moreover, an integrated cross-section 73 ± 9 mb is calculated for the photonuclear reaction 
124Sn (γ, n) at the energy 8.5 - 14 MeV.  The average cross section estimated using the 
TALYS code were 45 ± 7mb for 112Sn, 47 ±6 mb of 114Sn, 1.8 ± 0.3 mb of 118Sn and 65 ± 8 
mb of 124Sn. A satisfactorily reproduction of the available experimental data of photonuclear 
cross section at the energy region below 20 MeV could be achieved. The data obtained were 
compared with the experimental published data 31 ± 5 mb of 112Sn, 65 ± 9 mb of 114Sn and 75 
± 8 mb of 124Sn [1]. A good agreement between the previous and these new experimental 
results of 112Sn, 114Sn, and 124Sn is presented, while the 118Sn (γ, n) average cross sections is 
measured for the first time.  
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We report on experimentally deduced cross sections of the 107Ag(p,n)107Cd reactions at 
energies inside the astrophysically relevant Gamow window. A beam of protons was 
accelerated at three energies, namely 2.2, 3.5 and 4 MeV, by the Tandem Van De Graaff 
Accelerator of the INPP, NCSR “Demokritos” and impinged a thin target of natAg inducing a 
transfer reaction. The de–exciting 107Cd nuclei emitted characteristic γ radiation recorded in 
three high–purity Germanium (HPGe) detectors of 100% relative efficiency, placed at 00, 900, 
1650 with respect to the incident proton beam. 

The deduced in–beam cross sections have been compared to existing measurements for 
the two higher energies (3.5 and 4 MeV) and found in fair agreement within the experimental 
error. An existing energy threshold at 2.2 MeV of the reaction did not allow for a cross 
section at the lower energy point. The data can be used to fine tune theoretical models in a 
region of the nuclear chart where reactions rates are relatively unknown. To that direction, the 
present results are compared to predictions of the the Hausser–Feshbach statistical model 
performed with the latest TALYS code (v1.9). 
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In this work the possibility of retention of radionuclides onto natural materials it was 
investigated with application of nuclear spectrometry techniques.  The natural materials used 
for the sorption of uranium and thorium from aqueous solutions of different initial 
concentrations were bentonite (a clay mineral) and wastes of pomegranate.  The sorption of 
europium and barium, which can be studied as analogues of the trivalent actinides and radium 
respectively, was also investigated. The concentration of the metals in the solution was 
determined with gamma- and alpha-spectrometry using radioactive tracers. 

The materials (sorbents) were used in raw form and after modification.  Bentonite was 
studied for removal of uranium cationic species and after chemical modification for removal 
of uranium anionic species respectively in different pH region. The modification of 
pomegranate wastes with acidic and alkaline reagents was tested as a possible method for 
increasing the sorption capacity.   

The effect of various parameters such as pH, sorbent dosage, concentration and time 
on the sorption capacity of the materials was also explored as well as the presence of 
competitive ions and humic acid in the solution.  The results demonstrated that the 
investigated materials are low cost and efficient sorbents with possible applications in nuclear 
waste management.  
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The study of charged particle capture reactions is of major importance for the understanding 
of the production of p-nuclei. The term p-nuclei refer to 35 stable neutron-deficient nuclei, 
from 74Se to 196Hg. The p-process nucleosynthesis models developed in order to reproduce 
the p-nuclei abundances incorporate a network of more than 20000 nuclear reactions. These 
models fail in the case of the light p-nuclei. Apart from improvements of the astrophysical 
models it is important to reduce the uncertainties originating from nuclear physics parameters 
entering in the calculations and thus the measurement of cross-sections of particle capture 
reactions in medium-mass nuclei. 

One of the techniques developed for this kind of studies, is the so-called γ-ray angle-
integrated. This in-beam method is based on the use of a large volume NaI(Tl) detector which 
combines the high efficiency of γ-ray detection with a 4π geometry. The working principle of 
such a detector relies on its large volume and its long response time (400 ns). The latter leads 
to the detection of the sequential photons emitted in a γ-cascade as one “event” with energy 
equal to the sum of the energies of the involved photons. Of imperative importance is the 
determination of the efficiency of the setup, which is not trivial as it depends both on the 
sum-energy of the event and on its multiplicity. 

In the present work the characterization of such a detector, the “Neoptolemos” setup, 
located at the Tandem Accelerator Laboratory of the Institute of Nuclear and Particle Physics 
of the N.C.S.R. “Demokritos”, is presented. “Neoptolemos” consists of a cylindrically shaped 
NaI(Τl) crystal 14 x 14 inches (length x diameter) segmented in two optically isolated parts. 
In order to determine the summing efficiency of the setup, a code based on the GEANT4 
simulation toolkit was developed, incorporating the full detector geometry. Some preliminary 
simulation results along with their comparison to radiation source measurements for 
verification will be presented.  
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Natural iron is an important structure material because of its use in alloys employed in various low 
and high-energy physics applications. Natural iron occurs with an isotopic composition of 54Fe 
(5.85%), 56Fe (91.75%), 57Fe (2.12%) and 58Fe (0.28%). The study of proton-induced reactions on 
natural Fe provides information on the behavior of the material under bombardment and the 
production of various isotopes. Reactions with isotopically enriched targets indicate the conditions for 
optimal production of a particular isotope.  

In the present work, we study the production cross section of 51Cr, 52Fe, 52,54Mn, 55,56,57Co in 
proton-induced reactions on natFe. Experimental cross sections [1] are compared with calculations 
performed with the code TALYS [2]. Having established a good description of the p + natFe reaction, 
we examine the dependence of production cross sections on the neutron excess of the Fe natural 
isotopes. We also compare the predictions of the code TALYS with an alternative approach that 
combines the intranuclear cascade code ISABEL [3,4] with the sequential binary decay code MECO 
[5]. 
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Radiation therapy is an effective and safe method of treating neoplasm. The use of 
preoperative radiotherapy in locally advanced rectal cancer may increase total survival and 
reduce the local recurrence. The aim of this study is the comparative dosimetric analysis of 
four different radiotherapy techniques, 3DCRT (3D Conformal Radiation Therapy), IMRT 
(Intensity Modulated Radiotherapy) with the use of three and four radiation beams, and 
VMAT (Volumetric Modulated Arc Therapy) in rectal cancer.  

It was proved that the bladder’s minimum dose is significantly lower in the VMAT 
technique versus the other methods (p = 0.003 F = 2.38> Fcrit = 1.69). A reluctant tendency 
of the minimum dose for head and neck seems to exist with the IMRT technique with both 
three and four field (p = 0.000318, F = 9.120995> Fcrit = 3.135918). For bowel bag lower 
doses were observed with the IMRT technique (p = 0.003 F = 0.000318> Fcrit = 3,135,918, 
while there was no statistically significant difference for the PTV50 volume in terms of the 
median dose. The Conformity Index (CI) in DMLC technique was higher than the other 
methods while there is no significant difference in the Homogeneity Index (HI), even though 
VMAT technique achieved better homogeneity. Finally, irradiation time with the VMAT is 
significantly lower.  
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Following the accident at the Chernobyl nuclear power plant on 26 April 1986, about 2 × 1018 
Bq of condensable radioactive materials were released, the majority of which was deposited 
in Europe (IAEA, 1986). Most of the released radioactive material was in particulate form, 
whereas noble gases and most of iodine were in gaseous form. Sometimes their activities may 
be so high that even a single particle may cause a severe health hazard. Radioactive particles 
released from Chernobyl have been described by many as “hot particles” where “hot” is 
synonymous with “highly radioactive”. 

In the Chernobyl accident most of the particulate material was deposited within 20 km 
of the plant, but about one-third was transported even thousands of kilometres. Air masses 
originating from Chernobyl on 26 April 1986 arrived in Finland very early after the accident 
(Pollanen et al., 1997). 

Identification of the hot particles in filters collected in Helsinki Finland between 26-
28 April 1986 was done by autoradiography technique (Cyclone Plus of PerkinElmer) in the 
University of Milano, Italy. Morphology and elemental information for particle 
characterization will be given by SEM analysis.  
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Radioactive pollutants present in liquid wastes can be removed by using agricultural 
byproducts as sorbents.  The sorption of uranium, thorium and barium (which is used as 
analogue of the radium) was explored using a batch technique in aqueous solutions of 
different initial concentrations.  The investigation was performed with gamma- and alpha-
spectrometry using radioactive tracers as well as optical spectroscopy (UV-Vis). 

Recycling and modification of Aloe-Vera was tested as a possible method for the 
production of biosorbents.  The modification was achieved after chemical treatment with 
acidic and alkaline reagents. 

The overall objective of this study was first, to apply nuclear spectrometric techniques 
for determination of the sorption capacity and second, to investigate whether sorbents based 
on agricultural wastes could be used for the removal of radionuclides from low level 
wastewater.  
 The results showed significant sorption capacity of the tested materials for most of 
the radionuclides under investigation demonstrating that it is possible to use them for 
applications in radioecology.  
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Radionuclides of natural origin of the Uranium and Thorium series and the Potassium-40 are 
present in most materials. These materials are commonly referred to as Naturally Occurring 
Radioactive Materials (NORMs). In Greece there are few industries involving NORM, 
among which 3 fertilizer industries of which only one is still in operation. This industry has 
been under operation since 1965 and is located in the northern part of Greece.  

The aim of this work is to present the annual monitoring programme of this industry 
as it has been designed and systematically implemented since 2003 by the Environmental 
Radioactivity Department of the Greek Atomic Energy Commission (EEAE), that is the 
national competent authority for the control, regulation and supervision in the fields of 
nuclear energy, nuclear technology, radiological and nuclear safety and radiation protection. 

The phosphogypsum produced by the industry is deposited continuously near the 
industry, by the sea side, in an open land disposal area of about 500000 m2. The estimated 
phosphogypsum mass is about 13 million tons. Thus, emphasis is given on the measurements 
of the ground waters. Ground water samples are received from 20 drills distributed around 
the disposal area. The concentration of 226Ra and uranium isotopes is determined in each 
sample by alpha spectrometry measurements.  
Finally, after an EEAE recommendation, a drainage channel was constructed around the 
phosphogypsum disposal area in order to prevent the underground runoffs. The influence of 
this channel on the above mentioned measurements is presented.  
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The stopping power calculations, inherently implemented in all widely used, general purpose 
Monte Carlo codes, play a critical role in the determination of any expected reaction yield, 
when charged particles are present either as beam particles or reaction products. Small 
changes in the stopping power values, and therefore in the corresponding particle energies, 
can lead to significant changes in the cross sections involved. This effect may be critical in a 
variety of problems, ranging from detector physics to dose calculations and – to the authors’ 
best knowledge – it has never been thoroughly investigated in the past. 

Thus, the aim of the present work is to examine the differences in the stopping power 
calculations between GEANT4, FLUKA, MCNP/MCNPX and PHITS and to compare the 
results (whenever possible) against the widely used and partially benchmarked stopping 
power compilations, as implemented in the SRIM2013, PSTAR and ASTAR (ICRU) codes. 
In the particular case of GEANT4, most of the available models for the electromagnetic 
interactions were independently tested.  

More specifically, in all Monte Carlo codes, protons, alpha particles, 12C, 16O and 56Fe 
ions were generated as beam particles in the energy range between 1 and 1000 MeV/u and 
were subsequently transported, impinging on a variety of infinitely thick, pure, single–
element targets, such as aluminum, iron, copper and silicon, which are typically used as 
shielding materials or components in complex devices. Water was also examined, being a 
close substitute for biological tissue. In all the simulations the process of multiple scattering 
was disabled, while, in certain cases, tables with stopping power values were generated for 
comparison. The obtained results show large discrepancies for specific beam particle – target 
combinations in certain energy ranges. They also deviate, especially at low energies, from the 
SRIM2013, PSTAR and ASTAR predictions. The final values are presented in graphical 
form and the observed similarities and discrepancies are discussed and analyzed. Since 
stopping power calculations have not yet been fully benchmarked against experimental data 
over a broad energy range, the final assessment of the obtained results relies on the user. 
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In the present work we investigate the sensitivity of the main dosimetric thermoluminescence 
(TL) peak of various dosimeters to ionizing radiation [1]. Specifically, we studied the 
radiation dose response of the main dosimetric peak as a function of the irradiation 
temperature between room temperature and 2300C. The studied dosimeters were of the 
Lithium Fluoride family (LiF: Mg+, Ti+), Beryllium Oxide (BeO: Li+, Al+) and Calcium 
Sulfate (CaSO4: Tm+, Dy+).  In the case of LiF: Mg+, Ti+, which is the most commonly used 
dosimeter, two different families were investigated, namely the Harshaw-Bicron (TLD-600, 
TLD-700) and the Polish (MTS-600, MTS-700) [2].  All experimental complex TL glow 
curves were analyzed into individual peaks using a computerized glow curve deconvolution 
(CGCD) analysis. 

Characteristic examples of TL glow curves obtained at various temperatures are shown in 
Fig.1. On the other hand, the integrated signals of the dosimetric peak 5 obtained by the 
CGCD analysis are shown in Fig.2 for all the species of LiF dosimeters.  An increase of the 
TL response at the irradiation temperature around 1100C is observed.   

 

 
Figure 1 (left): TL intensities versus Temperature for TLD-700 for the dose of 1,9 Gy. 

Figure 2 (right): Normalized TL intensities of peak 5 for all four samples of LiF family. 
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Oceanographic phenomena can be studied using radiometric techniques as complementary 
tools in oceanographic measurements. A work combining radiometry and oceanography has 
been implemented previously in deep basins of Aegean Sea [1] and at the deep Cretan basin 
in May of 2014 [2].  

In this work radiological measurements were performed in samples collected from 7 
stations of the Aegean Sea, during March 2017. The primary goal was to determine the 
activity concentration of 137Cs and to study the seawater mixing processes through the 
vertical distribution of 137Cs in the deep basins of Aegean Sea. The activity concentrations of 
137Cs were combined with oceanographic data (salinity (S), temperature (Θ), dissolved 
oxygen (DO)) to identify the water masses.  

Previous measurements of 137Cs and corresponding oceanographic data were also 
utilized in order to investigate the water mass interactions, mixing and circulation. The long 
lifetime of 137Cs, the absence of recent 137Cs inputs in the Aegean Sea (e.g. nuclear tests, 
nuclear accidents), as well as the fact that it is mainly in soluble phase in the seawater 
column, makes this tracer the most appropriate to study oceanographic processes and 
interactions of the different water masses in the Aegean Sea. 

The Θ/S and Cs/S diagrams were created and identified the characteristic water 
masses, their movement and their transformations. 137Cs has been effectively used for the 
study of the water masses at the Aegean Sea.  
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The present work concerns a preliminary work for development of a technique for 
radiological characterization and segregation of raw historical radioactive waste in different 
management routes.  

The efficiency of a 3x3 NaI (Tl) detector for a contaminated pipe - detector 
configuration was evaluated by Monte Carlo simulations performed by using the MCNP 
code.  
Three activity distributions at the internal surface of the pipe were modelled: i) homogeneous 
activity distribution ii) over a ring at the one edge iii) over a ring at the middle. The non-
homogeneous activity distributions represent the worst envisaged cases of inhomogeneity.  
The models were validated against experimental measurements [1]. 
 The measurements bias due to possible inhomogeneity in the distribution of the 
activity was examined for pipes of different density and dimensions. 
 
 
 
 
References 
[1] A. Savidou et al., Nuclear Technology & Radiation Protection: Vol 25, No.2, pp. 133-137, (2010) 
 

 



  HNPS Advances in Nuclear Physics vol. 27 (2020) 
HNPS2019 submitted abstract 

 

 
 

a-40 

 

198Hg(n,2n)197mHg reaction cross sections at 17.7 and 19.3MeV  
 

E.Mourati, A.Kalamara1, M.Kokkoris1, R.Vlastou1, Th.Stamatopoulos1,M.Axiotis2 and 
A.Lagoyannis2 

 
1Technical University of Athens, Department of Physics, Zografou Campus GR-157 80 

Zografou Attikis GREECE 
2NCSR “Demokritos”, Institute of Nuclear Physics, Patr.Gregoriou E & 27 NeapoleosStr, 15341 

AgiaParaskevi, GREECE 
 
 
The cross-section of 198Hg(n, 2n)197mHg nuclear reaction was measured for neutron energy 
17.7MeV and 19.3MeV by the activation method with respect to the 27Al(n,α)24Na, 93Nb(n, 
2n)92mNb and197Au(n,2n)196Au reference reactions. In this energy region there are no 
experimental data available in literature, while at lower energies, below 15 MeV, the existing 
data are scarce and discrepant. The high-energy neutron beam was produced by means of the 
3H(d,n)4He reaction using a Ti-tritiated target  of 373 GBq activity,in the Tandem Van der 
Graaf 5.5MV accelerator of the National Center for Scientific Research "Demokritos". The 
target assembly was placed at about 2 cm from the tritium target, limiting the angular 
acceptance to ±15°, so that the produced neutrons were practically isotropic and 
monoenergetic. The flux variation of the neutron beam was monitored by a BF3 detector placed at a 
distance of 3 m from the neutron source and a BC501A liquid scintillator. After the end of the 
irradiation, the target and reference foils were measured with gamma-ray spectroscopy 
implementing HPGe detectors of 16%, 50% and 80% absolute efficiencyies.The 198Hg(n, 
2n)197mHg reaction is contaminated by the 199Hg (n,3n)197mHg reaction. Theoretical 
calculations based on the EMPIRE code were used to estimate the contribution of the 
contaminant reaction and deduce the corrected cross section of the 198Hg(n, 2n)197mHg  
reaction. 
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The last decade LaBr3(Ce) scintillation detectors have become commercially available and 
are very promising due to their high light yield (> 65000 photons/MeV) that results in a better 
energy resolution compared to NaI(Tl) detectors (< 3% FWHM at 137Cs), their decay time of 
35 ns and their material density (5.29 g/cm3) [1, 2]. Also, there is no need for nitrogen 
cooling and it is easier to be simulated comparing to HPGe detectors. Thus, LaBr3(Ce) 
detectors could be a suitable choice for environmental radiation monitoring [3] and in-situ 
measurements of NORM [4]. 
 In this study, a semi-empirical calibration method for NORM samples measurement 
was developed based on a combination of experimental gamma spectrometry measurements 
and MCNPX simulations. The aim of this work is to provide us with full energy peak 
efficiency calibration curves in a wide photon energy range which is of particular importance 
when selected photon energies of 234Th, 214Pb, 214Bi, 228Ac, 208Tl and 226Ra are to be measured 
with accuracy. 

A Canberra scintillation detector LaBr3(Ce) (Model LABR-1.5x1.5) and four 
reference multi-nuclide volume sources made of epoxy material of different densities were 
used. Experimental efficiency calculations were performed with the volume sources adapted 
on an acetal holder which was positioned in a vertical direction along the detector axis of 
symmetry. MCNPX simulations were performed in order to evaluate the full energy peak 
efficiency calibration for this source-detector configuration. The models were validated by 
using the experimental results. Then, nominal samples were analyzed for evaluation of the 
laboratory technique.   
 The accurate NORM samples analyses will be helpful for validating the in-situ 
techniques which will be developed for large volume sources radiological characterization.   
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Phosphorus (natural abundance: 100% 31P) is a highly reactive light element which is met in 
natural heritage and in many geological, environmental, medical and technological 
applications. Many phosphate compounds are commonly used for fertilizers and pesticides, 
but also for detergents. Moreover, phosphorus is used as a dopant for n-type semiconductors, 
and it is important in archeology, where the precise bulk quantification with the minimum 
possible sample damage is desired. Among the most common least destructive techniques 
used for quick and accurate bulk analysis (if the determination of depth profile concentrations 
is not required) are the Ion Beam Analysis (IBA) ones, namely Particle Induced Χ-ray 
Emission (PIXE) and Particle Induced Gamma-ray Emission (PIGE). In the case of matrices 
where phosphorus coexists with other light elements (e.g. F, B, Al etc.), PIGE can provide 
more detailed information allowing for the simultaneous determination of several main light 
isotopes. However, there is a lack of differential cross-section datasets for the 31P(p,p'γ)31P 
reaction in literature, with just two measurements [1, 2] at 90° available in the Ion Beam 
Analysis Nuclear Data Library (IBANDL, https://www-nds.iaea.org/exfor/ibandl.htm). These 
datasets have an overlap at a limited energy range where the discrepancies are negligible; 
nevertheless, it is crucial for the applications, but also for theoretical calculations, to have 
differential cross sections for multiple angles and higher energies. Therefore, an experiment 
was conducted at the 5.5 MV HV Tandem Accelerator Laboratory of the Institute of Nuclear 
and Particle Physics (INPP) of the National Center for Scientific Research "Demokritos" 
(NCSR – "D") in Athens, Greece, using proton beam energies Ep ~ 2.6 – 4 MeV and four (4) 
HPGe detectors placed at 0°, 55°, 90° and 165° with respect to the beam direction. The 
obtained results will be presented. 
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In fission and fusion reactor designs, it is important to calculate cross-section for nuclear 
reactions which are induced by neutron. Angular distribution of 122Te and 11B  have been 
theoretically calculated at different incident energy using TALYS 1.8 nuclear reaction code. 
Evaluated theoretical results are compared with available experimental data in EXFOR 
International Nuclear Data Library. Results show that, theoretically evaluated and 
experimental values are in good agreement. 
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Measured excitation functions of 16 reaction products in AFe(p,x) reactions are compared with model 
calculations in a wide energy range.  Reaction products of interest involve 36Cl, 38Ar, 42,43K, 44Ti, 
46,47,48Sc, 48,51Cr, 52Fe, 52,54Mn and 55,56,57Co. Experimental data were obtained from an International 
Nuclear Data Committee (INDC) compilation on proton induced reactions on 56Fe from threshold to 
2.6 GeV [1] and recent measurements of excitation functions of proton-induced reactions on natFe in 
the energy region from threshold up to 45 MeV [2].  

At energies less than 200 MeV, excitation functions calculated with the code TALYS [3] are in 
good agreement with the experimental data, apart from some discrepancies for the Sc, Ti and K 
isotopes. Isotopic distributions are also calculated in the framework of the intranuclear cascade code 
ISABEL [4,5] coupled with the sequential binary decay code MECO [6]. A good agreement is found 
with the majority of the experimental data in the energy range from 50 to 1500 MeV.   
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Large amounts of NORM ((Naturally Occurring Radioactive Material) are produced every 
year from the oil shale-fired power plants. The activity concentrations of the natural 
radionuclides, present elevated values on the ground and in the atmosphere in areas near the 
plants and therefore it is worth to evaluate their dispersion and to assess the radiological 
status. 

Using gamma spectrometry with a HP-germanium detector in a low background 
configuration, activity concentrations for the 238U, 232Th and 40K in soil and water samples 
around the oil shale-fired power plants in northwest Greece were measured. Furthermore 
alpha-ray spectrometry with appropriate radiochemical separations was applied for the 
determination of the uranium isotopes (238U and 234U). The resulting determined enrichment 
(EFs) and contamination factors (CFs) also provide an estimation of the radiation hazard and 
the pollution in these regions. 
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In May 2015, a team from the University of Cincinnati discovered an unlooted Mycenaean 
grave near the Palace of Nestor in Pylos Messenia. Among the excavated goods, four gold 
signet rings were found, decorated with Minoan rituals [1, 2]. The holistic macro-XRF (MA-
XRF) imaging analysis of the external surface of the rings using the state of art LANDIS-X 
mobile x-ray scanner [3], offered the unique possibility of identifying several platinum group 
mineral inclusions (PGMs) containing elements such as osmium, iridium and ruthenium. The 
presence of PGM inclusions in ancient gold objects is considered a clear indication that the 
gold and the PGM inclusions became associated as a result of fluvial transport [4]. 

The aim of the present work is the detailed characterization of the PGM inclusions in 
terms of their morphological and compositional profile. Since it is first time that PGM 
inclusions are detected in Mycenaean gold, it is expected that the results of the present work 
will provide a sound basis for comparison of Mycenaean gold with other Bronze Age gold 
artefacts found in Egypt and elsewhere, shedding a first light to the mystery of the wealth 
acquisition of the Mycenaean reign.   
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Beryllium oxide is a radiation detector and a dosimetric material that is widely studied due to 
its interesting characteristics, as well as its commercial availability and low cost. It presents 
strong thermoluminescence (TL) intensity, high sensitivity in ionizing radiation, as well as 
tissue-equivalent properties (ZEff ≈ 7.14), making it an ideal luminescence dosimeter. An 
important characteristic of thermoluminescent dosimeters (TLD) is the TL dose response, 
which determines the dose range of usability of the dosimeter subject to dose response 
linearity. Also, determines the precision of dose measurement as a function of dose. 

In the present study, the dose response linearity of the glow peaks in BeO:Li+,Al+ has 
been demonstrated, for three different irradiation temperatures of 250C, 1250C and 2200C.  
The kinetic parameters of the traps were determined, using Computerized Curve 
Deconvolution (CCD) method. 

Fig. 1 shows examples of glow curves obtained for the same dose at the three  
irradiation temperatures (250C, 1250C, 2200C). Fig. 2 shows the TL dose response of both 
peaks at room temperature.  
 
 
 

 
 
 

 
 
 

 
 

 
Figure 1: (Left): BeO TLD dose response curves which were obtained in three different irradiation 

temperatures (250C, 1250C, 2200C) for a dose of 0.38 Gy. 
Figure 2: (Right): BeO TLD dose response of the second (#2) and third (#3) peak at 250C 

following 90Sr/90Y irradiation. 
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