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Programma 
Auditorium “Danilo Mainardi” 
Edificio Alfa, Campus Scientifico 
Università Ca’ Foscari Venezia 
Mestre (VE) 
 

Lunedì 16 settembre 2024 
14:00 Registrazione 
14:30 Apertura e saluti 
 
14:50 F. Grazzi, Keynote Lecture: Neutroni & beni culturali. 
15:30 A. Venturi, Neutrons for painting conservation: addressing varnish 
blanching through scattering techniques and optical methods 
15:50 A. Rodzinka, Application of neutron science in the study of ancient Iranian 
weaponry 
16:10 F. Cantini, Preliminary results on an ongoing study of 28 fragments of 
equestrian gilded monumental-statuary complexes rediscovered near Parco dei 
Renai Signa, Firenze, Italy. 
 
16:30 Coffee break 
 
17:00 A. Pietropaolo, Update on the SORGENTINA Project. 
17:20 L. Spagnuolo, The ENEA TRIGA RC-1 neutron source: from activation 
analyses to radioisotopes production. 
17:40 G. Ottaviano, A multipurpose compact neutron generator for applications in 
nuclear medicine and nuclear. 
 
18:00 SISNyoung – Sessione speciale dedicata ai giovani ricercatori 

 
Martedì 17 settembre 2024 

09:00 F. Foglia, Keynote Lecture: Neutroni & materiali per l’energia. 
09:40 M. Laurati, Link between permanent shear-banding and local concentration 
fluctuations in suspensions of compressible microgels. 
10:00 B. Rosi, Structural and dynamical properties of PS-PNIPAM block copolymer 
micelles in concentrated samples. 
10:20 A. Cangiano, SANS-Driven Insights into the Self-Assembly and 
Optimization of Metal-Based Superlattices. 
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10:40 N. Gallucci, CeO2 nanoparticles coated with a dopamine-derivatized 
molecule: the role of surface functionalization on the structural organization. 
 
11:00 Coffee break 
 
11:20 V. Nigro, Small Angle Neutron Scattering investigation of ageing in CuCrZr 
alloy for fusion reactor technology. 
11:40 A. Calamida, Determination of the fast and thermal neutron fields inside a 
shielding mock-up for fusion plants. 
12:00 L. Silvi, Study of the effects of chronic neutron exposure on plants for 
agrospace-related activities. 
12:20 M. Polo, Simulating the performance of a 3D silicon detector for neutron 
imaging. 
 
12:40 Lunch break & poster session 
 
14:30 Tavola rotonda: quali prospettive per la neutronica in europa? 
 Con Stefano Deledda, vice-chair di ENSA 
 
15:30 Assemblea dei soci SISN APS 
18:00 Conclusione dei lavori 
 
20:00 Cena Sociale  

Ristorante San Trovaso 
Calle Larga Nanni 
Venezia 

 
Mercoledì 18 settembre 2024 
09:00 Aggiornamenti sui progetti italiani nella neutronica 

A. Orecchini, T-REX a ESS. 
A. Perrichon, VESPA a ESS. 
F. Natali, IN13+ a ILL. 
A. Scherillo, INES a ISIS. 

 
10:30 Coffee Break 
 
11:00 S. Capaccioli, Keynote Lecture: Neutroni & scienze della vita. 
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11:40 I. De Cristofaro, Design and physicochemical characterization of liposomes 
for enhanced intracellular delivery of therapeutics. 
12:00 B. Barletti, Nanostructural characterisantion of glycosylated protein 
biomarker interaction with lipid bilayer membranes: basis for biosensor 
development. 
12:20 I. Mosca, Dynamic cluster formation, viscosity and diffusion in monoclonal 
antibody solutions. 
 
12:40 Conclusioni e saluti 
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Nanostructural characterisation of glycosylated protein biomarker 
interaction with lipid bilayer membranes: basis for biosensor 

development 
Beatrice Barletti1,3, Nicolò Paracini1, Giovanna Fragneto2, Donald K. Martin3,  

Bruce Cornell4, Marco Maccarini3,5 
 

1Institut Laue-Langevin, 71 Av. des Martyrs, 38000 Grenoble, France 
2ESS, Partikelgatan 2, 224 84 Lund, Sweden 

3TIMC, Rdpt de la Croix de Vie, 38700 La Tronche, France 
4Surgical Diagnostics Pty Ltd, 30-32 Barcoo St. Roseville, 2069 NSW, Australia 

5CNRS, 25 Av. des Martyrs, 38000 Grenoble, France 
 

In cancer’s tests, the detection of protein biomarkers is still challenging due to their 
low abundance and glycosylated state which is believed to favor protein-lipid 
complexes. The study and understanding of protein-lipid interactions is of great 
importance, especially to optimise the sensitivity of biosensing techniques to 
identify protein biomarkers, in particular when present in their glycosylated forms. 
In the project we investigated at nanostructural level the interaction of 
glycosylated protein biomarkers with biologically relevant lipid bilayer membranes 
using neutron and x-ray reflectometry, particularly to identify how different lipids 
modulate this interaction to build a potential biosensor that is aimed for early 
detection of scarce biomarkers in blood samples. The glycosylated proteins of 
interest for the study are soluble vascular-endothelial cadherin (sVE) and alpha-
fetoprotein, two clinical biomarkers found in the blood for the detection of vascular 
abnormalities and liver cancer respectively. Neutron and x-ray reflectometry 
results, together with QCM-D complementary data, showed significant changes in 
the lipid bilayer after the injection of glycosylated biomarkers, while smaller 
changes were reported in presence of non-glycosylated protein, BSA. Thanks to 
the study and glycosylation chemistry, it was possible to set the basis for the 
development of a lipid-based protein-biosensor in collaboration with the industrial 
partner of the project.  
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Determination of the fast and thermal neutron fields inside a 
shielding mock-up for fusion plants 

A. Calamida1a, L. Russo2, M. A. Caballero Pacheco2, A. I. Castro Campoy2, R. Bedogni2,  
D. Flammini1, A. Colangeli1, G. Pagano1, S. Loreti1 and A. Pietropaolo1,2. 

 
1ENEA - Nuclear Department, Italy. 

2Istituto Nazionale di Fisica Nucleare - Frascati National Laboratories, Italy. 
 

A Neutronics benchmark experiment has been carried out at the Frascati Neutron 
Generator (FNG) in the framework of an EUROFUSION activity. The experiment 
aimed at assessing the thermal and fast components of the neutron field in 
selected positions inside an experimental shielding assembly by means of real time 
measurements. The measurements are very important for the assessment of the 
shielding effectiveness of the investigated material in a nuclear fusion plant 
environment. These were made using active detectors: the fast neutrons  field was 
measured exploiting the inelastic 	!"𝐶(𝑛, 𝛼)	#𝐵𝑒 (𝑄 ≅ −5.7 MeV) and 	"$𝑆𝑖(𝑛, 𝛼)	"%𝑀𝑔 
(𝑄 ≅ −2.66 MeV) reactions occurring in a Silicon Carbide solid state detector. The 
thermal neutron  field was measured using the thermal neutron radiative capture 
in 	!!&𝐶𝑑 by means of a CZT (Cadmium Zinc Telluride) solid state detector. A 
comparison between experimental results and simulations is also shown.  
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SANS-Driven Insights into the Self-Assembly and Optimization of 
Metal-Based Superlattices 

Alessandro Cangiano1,2, Noemi Gallucci1,2, Nathan S. Cowieson3, Apostolos Vagias4,  
Luigi Paduano1,2 

 

1Department of Chemical Sciences, University of Naples Federico II, 80126, Naples, Italy 
2CSGI, Center for Colloid and Surface Sciences, 50019, Sesto Fiorentino, Italy 

3Diamond Light Source, Didcot, Oxfordshire, England, United Kingdom 
4Institut Laue-Langevin, 71 avenue des Martyrs, CS 20156, 38042 Grenoble, France 

 
Recently, metal-nanocrystals (M-NCs) attracted significant attention due to their 
unique optical, electronic, and catalytic properties, making them valuable in various 
fields and industries. 
M-NCs Optimization has focused on manipulating NC shapes and dimensions to 
enhance surface energy, electronic structure, and environmental interactions. 
A novel approach involves creating three-dimensional nanoscale-ordered 
assemblies, altering the plasmonic band by forming ordered structures like face-
centered or hexagonal phases. We analyzed the effects of solvent choice and 
surface coverage on gold, silver, and platinum NCs' self-assembly, upon 
functionalization with oleic acid (OA) in water, and optical properties. 
Solvent dielectric constants impact the Rh of nanocrystals, emphasizing the 
environment's role in aggregation. Optical property analyses showed that 
oleylamine-nanocrystals exhibit shifts in absorption maxima (λmax) due to solvent 
refractive indices, demonstrating the interplay between the environment and 
nanocrystal behavior. OA-coated NCs assembled into different superlattices 
depending on the starting solvent and the oleylamine degree of coverage. 
Moreover, different superlattices display variations in λmax based on spatial 
organization, underscoring the influence of arrangement on optical properties. 
Through contrast-variation SANS experiments we investigated the interdigitation 
of oleylamine within the superlattice shedding light on the oleylamine role in the 
self-assembly process. 
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Preliminary results on an ongoing study of 28 fragments of 
equestrian gilded monumental-statuary complexes rediscovered 

near Parco dei Renai Signa, Firenze, Italy 
F. Cantini1,2,3, F. Grazzi2,3, M. Galeotti4, S. Porcinai4, A. Scherillo5, A. Fedrigo5, A. 

Santagostino Barbone4, E. Tartaglia4, G. Rotondi4, A. Patera4 

 
1Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia, Sesto Fiorentino, 

Fi, IT 
2Consiglio Nazionale delle Ricerche - Istituto di Fisica Applicata Nello Carrara, Sesto 

Fiorentino, Fi, IT 
3Istituto Nazionale di Fisica Nucleare, sezione di Firenze, Firenze, IT 

4Ministero della Cultura, Opificio delle Pietre Dure, Firenze, IT 
5UKRI- STFC Science and technology Facilities Council - ISIS Neutron and Muon Source 

 
This work reports the results of the study of 28 fragments of bronze sculpture, 
some of which are gilded, made during the Roman Age. These fragments were 
found during the 1970s in a deposit near the Renai Park (Signa, Florence, IT). There 
is therefore no certainty regarding the geographical origin, the archaeological 
context, and the relative association of the various fragments. Thanks to the 2020 
diagnostic and restoration campaign, at the Opificio delle Pietre Dure (OPD, 
Florence, IT), it was however possible to study these works of art with numerous 
techniques (ToF-ND, SEM-EDS, XRF, ICP-MS , etc.). 
Here, we focus on ToF-ND performed on INES at ISIS Neutron and Muon Sources 
(Harwell, UK). In addition to preliminary characterizations of the materials, the 
main diagnostic questions we tried to answer during the work were mainly: 1) the 
possible relevance of the fragments to one or more groups of statues and 2) 
understanding the manufacturing process. One of the goals of the entire diagnostic 
campaign was indeed to understand any associations between the 28 pieces, 
making use of the autoptic and stylistic study, supported by the analysis on the 
metal alloy. This case study is an example of how metal alloy characterization and 
texture analysis in ToF-ND can provide a solid tool for the interpretation and 
reconstruction of an ancient technological process. 
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Design and physicochemical characterization of liposomes for 
enhanced intracellular delivery of therapeutics 

Ilaria De Cristofaro1, Noemi Gallucci1,2, Alessandro Cangiano1,2, Nathan Cowieson3, 
Daniele D’Alonzo1, Marco Chino1, Pompea Giuseppina Grazia Del Vecchio1, Luigi 

Paduano1,2 

 
1Department of Chemical Sciences, University Federico II, Naples, Italy 

2CSGI, Center for Colloid and Surface Science, Sesto Fiorentino, Italy 
3Diamond Light Source, Didcot, UK 

 
With their ability to encapsulate therapeutics and release their content at the 
desired time, liposomes provide a valuable platform for the treatment of a variety 
of diseases, including cancer. In this regard, we developed liposomes using POPC, 
which is the main component of eukaryotic membranes, to improve the 
biocompatibility of the entire system.1,2 Liposomes with different compositions 
have been designed to understand how each lipid (POPC, DOTAP, and cholesterol) 
affects the physicochemical properties of the system itself. This was done by 
combining several techniques, such as DSC, ζ-potential, DLS, as well as SAS either 
with X-Rays or neutrons. The issue of specific targeting was also considered. In 
this regard, using scattering techniques, it was also studied the interaction 
between liposomes and T7 peptide. This is a targeting peptide, having a high 
affinity towards the human transferrin receptor, overexpressed on glioblastoma 
cells.3 
The results obtained revealed that the composition does not affect liposomes size. 
On the contrary, it affects the charge, as well as the lipid transition temperature. 
Moreover, SAS analysis suggests that the interaction between liposomes and T7 
peptide takes place, and it is probably driven by a charge redistribution on 
liposomes surface. 
 
References: 
[1] R. Tenchov et al., ACS Nano 15, 16982 (2021). 
[2] Y. Wu et al., Mol Ther Nucleic Acids, 27, 956 (2022). 
[3] L. Tanget al; Acta Biomaterialia, 155, 521 (2023).   
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CeO2 nanoparticles coated with a dopamine-derivatized molecule: 
the role of surface functionalization on the structural organization 

Noemi Gallucci1,2, Alessandro Cangiano1,2, Massimo Melchiorre1, Francesco Ruffo1, 
Giuseppe Vitiello2,3,  Luigi Paduano1,2 

1University of Naples Federico II, Department of Chemical Sciences, Naples, Italy 
2CSGI, Center for Colloid and Surface Science, Sesto Fiorentino, Italy 

3University of Naples Federico II, Department of Chemical, Materials, and 
Production Engineering, Naples, Italy 

 
Cerium oxide nanoparticles (CeO2 NPs) are widely used for many technological 
applications.1,2 Recently, they have attracted great interest in the biomedical field, 
as anti-cancer, antioxidant, and antibacterial agent, due to their red-ox properties, 
which can be opportunely modulated to inhibit (antioxidant) or promote (pro-
oxidant) oxidation processes. To exploit the anti- or pro-oxidant properties of CeO2 
NPs it is crucial to obtain single functionalized NPs stable in water. To obtain them, 
it is necessary to modulate the ratio of CeO2 NPs coated with the first organic layer, 
used during the synthesis, with the functionalized molecule. 
Based on these, we have prepared very small CeO2 NPs (core radius ~ 2.5 nm), 
with a high colloidal stability, and antioxidant properties.3,4 These NPs have been 
functionalized by exchanging ligands, replacing the organic layer used in the 
synthesis phase (oleylamine) with a synthetic bifunctional molecule (derivatized-
dopamine). The chemical structure of this molecule is characterized by a double 
functional group, one able to interact with the surface of NPs and replace 
oleylamine, the other able to disperse them in water and at the same time being 
suitable for further functionalization. For example, functionalizing with a 
fluorophore the CeO2 NPs coated with the derivatized-dopamine can obtain a 
multi-functional system, in which the fluorophore allows us to localize the NPs and 
the CeO2 acts as an anti-tumor agent.  However, optimizing the coverage of NPs 
with functionalizing molecules is essential. SANS measurements were conducted 
to determine the optimal CeO2 to derivatized-dopamine ratio for biomedical 
applications. Using the contrast-match technique, we evaluated the organic 
coating and the relative ratio between oleylamine and the derivatized-dopamine. 
 
References: 
[1] Montini et al., Chem. Rev. 2016, 116. 
[2] Gallucci et al., J. Environ. Chem. Eng., 2022, 10. 
[3] Gallucci et al., Nanomaterials 2021, 11. 
[4] Gallucci et al., JCIS  2024, 659.  
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Link between permanent shear-banding and local concentration 
fluctuations in suspensions of compressible microgels 

G. Bassu1, J. E. Houston2, M. A. Lara-Peña1, H. Kriegs3, M. P. Lettinga3, L. Porcar4, 
A. Scotti5, M. Laurati1 

 
1. Dipartimento di Chimica “Ugo Schiff” e CSGI, Università di Firenze, Italy 

2. European Spallation Source ERIC, Lund, Sweden 
3. Biological Information Processing IBI-4, Forschungszentrum Jülich, Germany 

4. Institut Laue-Langevin ILL, DS/LSS, Grenoble, France 
5. Division of Physical Chemistry, Lund University, Sweden 

 
We uncover the occurrence of shear banding in dense suspensions of compressible 
microgels by combining velocimetry, rheology and small angle neutron scattering 
under shear [1,2]. Velocimetry measurements evidence the presence of permanent 
but unsteady shear-banding for sufficiently small Peclet numbers, with the 
formation of a plug-like flow in the central region of the gap of the concentric 
cylinder geometry. Small-angle neutron scattering experiments under shear link 
the observed banding phenomenon to structural variations along the velocity 
gradient, providing a connection between the formation of the arrested band and 
the increase of structural correlations, determined through the integral of excess 
scattering under shear. The structural variations can be directly associated to 
changes in the local packing fraction through transmission measurements. These 
results provide unique evidence of a shear-concentration coupling mechanism in 
jammed systems of compressible particles. Additionally, our study opens the route 
to investigate the effects of particle compressibility on shear-concentration 
coupling in a variety of dispersions of soft colloids, with important consequences 
in applications related to the flow and processing of dense suspensions. 
 
References: 
[1] G. Bassu; J. E. Houston; M. A. Lara-Peña; H. Kriegs; M. P. Lettinga; L. Porcar; A. Scotti, M. Laurati 
(2024), Submitted to Physics of Fluids, under review. 
[2] M. Lara-Peña, A. Licea-Claverie, I. Zapata-Gonzalez and M. Laurati (2021), J. Coll. Interf. Sci., 
587, 437. 
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Small Angle Neutron Scattering investigation of ageing in CuCrZr 
alloy for fusion reactor technology 

Valentina Nigro 

 
ENEA C.R. Frascati, Nuclear Department, Via E. Fermi 45, 00044, Frascati (Rome), 

Italy 
 

In the framework of the EUROfusion Programme, small-scale W/CuCrZr mono-
blocks are being investigated through different experimental techniques as 
prototypes of the divertor, the large plasma-facing component designed to contain 
plasma instabilities and disruptions [1]. Their reliability in service under cyclic and 
intense thermal loads, can be efficiently assessed through experimental micro-
structural characterization. Understanding the influence of microstructures or 
precipitates on the material elastic properties is of great interest for the application 
of metallic materials in many industrial fields. Providing new insights into micro-
structural changes produced in the CuCrZr alloy by thermal treatments is therefore 
imperative to assess the resistance of such cooling pipes [3]. 
Information on the microstructural changes and precipitate formation in similar 
alloys can be obtained through Small-angle Neutron Scattering (SANS), thus 
providing useful tools for investigating metallurgical problems of interest for 
nuclear applications [4]. SANS technique has been recently exploited to investigate 
the occurrence of Cr-rich precipitates in CuCrZr alloy samples submitted to thermal 
treatments. In particular, precipitate formation was observed after ageing at 
580°C, where the SANS cross-section suggests the occurrence of a new population 
of small precipitates. This demonstrated the potential of efficiently using SANS to 
resolve the state of CuCrZr precipitates in fusion reactor divertor components. 

 
References: 
[1] M. Fursdon et al., Fus. Eng. Des. 160 (2020) 111831. 
[2] K.Abib et al., Kovove Mater. 57 (2019) 121-129. 
[3] F.Schoofs et al., J. Appl. Cryst. (2021) 54. 
[4] R. Coppola et al., Fus. Eng. Des. 146 (2019) 701-704. 
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A multipurpose compact neutron generator for applications in 
nuclear medicine and nuclear forensics 

Giuseppe Ottaviano1, Antonietta Rizzo1 

 
1ENEA, Italian National Agency for New Technologies, Energy and Sustainable 

Economic Development - Bologna Research Centre 
 

Compact neutron generators can provide a high flux of neutrons with energies 
ranging from thermal (0,025 eV) to 14 MeV. The application of the D-D, D-10B, and 
D-7Li nuclear reactions and new advancements in high-flux neutron generator 
technology along with the commercial availability of high-voltage direct current 
power supplies enables the production of high-flux 2,45 MeV, 6 MeV, 10 MeV, and 
13 MeV neutrons. The high-energy neutrons or the moderated epithermal neutrons 
from the new compact neutron generator can greatly advance cancer therapy, 
radioisotope production, neutron yield measurement, special nuclear materials 
detection, and neutron transmutation doping of silicon. This work is focused on 
application for cancer therapy and special nuclear materials detection. The first 
two prototype of a longitudinal compact neutron generators, designed for neutron 
intraoperative radiotherapy (nIORT) are going to be installed at ENEA Research 
Centre in Brasimone, in the frame of the LINC-ER project. 
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Update on the SORGENTINA Project 

Antonino Pietropaolo 
 

ENEA – Nuclear Department 
 

The SORGENTINA project aims at developing a 250 kW power 14 MeV neutron 
source. The main focus is the production of medical radioisotopes, especially 99Mo 
as precursor of 99mTc, a radiotracer widely used in Single Photon Emission 
Computed Tomography. 
The neutrons made available at the plant can also be used for different 
applications, ranging from irradiation of materials and electronics as well as for 
investigations on materials thanks to the presence of a moderated neutron field. 
The project entered in its final year. This contribution aims at presenting the status 
of the implementation of the two main components of the facility: 

1- The rotating target 
2- The ion accelerator 

The experimental campaign on the rotating target is close to be approached and, 
possibly, preliminary experimental results might be presented. 
The ion source is going to be tested at 50 kW before full test commissioning within 
the end of the year. The results of the test will be presented. 
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Structural and dynamical properties of PS-PNIPAM block 
copolymer micelles in concentrated samples 

 
B. Rosi1; R. Biehl1, J. Allgaier1, K. Schwärzer1, W. Pyckhout-Hintzen1, O. Czakkel2, S. 

Prevost2, N. R. de Souza3, O. Holderer4, S. Förster1, M. Kruteva1 

 

1Jülich Centre for Neutron Science (JCNS), Forschungszentrum Jülich GmbH,  52425, 
Jülich, Germany 

2Institut Laue-Langevin (ILL), 71 Av. des Martyrs, 38000 Grenoble, France 
3Australian Nuclear Science and Technology Organisation (ANSTO), New Illawarra Road, 

Lucas Heights, NSW 2234, Australia 
4Jülich Centre for Neutron Science at MLZ, Forschungszentrum Jülich GmbH, 

Lichtenbergstraße 1, 85748 Garching, Germany 
 

Concentrated solutions and gels of block copolymer micelles demonstrate both the 
cohesive strength of solids and the diffusive transport characteristics of liquids, 
and are subject of theoretical and technological interest. Special attention is 
devoted to polymers containing a stimuli-responsive "switching" block that imparts 
the system the ability to undergo reversible changes in response to variation of 
external control parameters. Among them, poly-N-isopropyl acrylamide (PNIPAM) 
is attractive due to thermoresponsive behaviour, with a lower critical solution 
temperature (LCST) in water close to physiological range (LCST ≈ 32°C). Current 
applications of PNIPAM-based block copolymer micelles include targeted drug 
carriers, engineered tissues, and "switching" membranes. We recently synthesised 
block copolymers containing thermoresponsive PNIPAM and hydrophobic 
polystyrene (PS) blocks. In diluted aqueous solution, PS-PNIPAM diblock and PS-
PNIPAM-PS triblocks form respectively starlike and flower-like micelles. In the 
latter case, both the PS end blocks are sticking in the same micellar core as the 
PNIPAM block folds in a loop. However, such a configuration is entropically 
unfavourable and one of the two PS blocks might stick out of the original core, 
eventually forming a network of interconnected micelles at high concentration. The 
existence of bridges is thought responsible for the formation of physical gels in 
concentrated PS-PNIPAM-PS samples, although the relative contribution of loops 
and bridges is debated, as well as the influence of structural parameters such as 
block length and composition. Moreover, there are surprisingly few studies on the 
dynamical properties on such microscopic scales. Connecting mechanical stability 
to local mobility is important e.g. to quantify transport properties within the gel. 
Here we use rheology to investigate the mechanical properties of concentrated PS-
PNIPAM diblock and PS-PNIPAM-PS triblock copolymers in water, and we connect 
them to structural and dynamical information on the microscopic level, obtained by 
combining small-angle neutron scattering with neutron spin echo and neutron 
backscattering spectroscopy. 
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Application of neutron science in the study of ancient Iranian 
weaponry

 
Alex Rodzinka, Antonella Scherillo, Anna Fedrigo, Nathaniel Erb-Satullo, Andrew 

Shortland, St John Simpson 
 

Neutron techniques such as neutron diffraction and neutron tomography allow for 
non-invasive analysis of complex metal artefacts, providing information about 
their internal structure, conservation status and, via Neutron Resonance Capture 
Analysis, elemental composition. In this talk we discuss the application of neutron 
science at ISIS Neutron and Muon Source to the study of Iranian swords from the 
Iron Age (1250-550 BC). The objects were recovered by the Border Force after 
being seized on entry to the UK and will be repatriated to Iran, providing an 
opportunity to investigate both ancient manufacture and modern modifications. 
Neutron tomography allowed us to discover remnants of iron tangs preserved 
inside bronze hilts, while neutron diffraction provided information on the crystalline 
phases present in these metals without sampling. Similarly, iron swords were 
analysed with neutron diffraction to examine the crystalline phases of iron and 
estimate carbon content. The non-invasive nature of this technique allows for 
analysis of many spots throughout the object, which would not be possible if 
sampling was required. The results provide information about Iron Age metallurgy 
in northwestern Iran and together form a comprehensive picture of both assembly 
methods and phase/elemental composition, allowing us to understand better the 
technological choices of ancient metalworkers. 
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Study of the effects of chronic neutron exposure on plants for 
agrospace-related activities 

Luca Silvi1, Luca Nardi2, Anna Farina3, Debora Giorgi3, Carla Sandri2 

 
1ENEA-NUC-INMRI 

2ENEA - SSPT-AGROS-AGRI4.0 
3ENEA-SSPT-Laboratorio Biotecnologie Verdi 

 
The exposure of biological organisms to cosmic rays during future space missions 
to the Moon and Mars is a well known problem. Primary cosmic radiation produces, 
in the presence of targets of different types, swarms of secondary radiation 
including neutrons. The presence of plants on future space missions will have a 
dual purpose, the production of fresh food (through microgreen growth) for the 
astronauts and the production of oxygen. 
At the ENEA-NUC-INMRI neutron laboratory at Cr-Casaccia contains a room in 
which several shielded neutron sources are stored, some of which have energy 
spectra partly similar to those of cosmic neutrons, it is possible to irradiate samples 
under neutron flow for long periods (from a few weeks to several months). 
Irradiations were carried out on plant samples with neutron fluxes that reproduce 
similar environmental equivalent dose rates that should be found in space travel 
and on the surfaces of the Moon and Mars. 
After exposure of the plant samples to neutrons, the effects on germination and 
seedling growth were evaluated by morphological, flow cytometric and 
metabolomic analyses. Some results will be presented. 
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The ENEA TRIGA RC-1 neutron source: from activation analyses to 
radioisotopes production 

Lucrezia Spagnuolo1, Luigi Lepore1, Luca Falconi2, Marco Capogni3 
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The TRIGA RC-1 research reactor is 1 MW thermal power neutron source located 
at the ENEA Casaccia Research Centre (RM). Pool-type design, its core is at the 
bottom of a cylindrical tank filled with 7 meters of water [1]. 
The reactor embraces those areas of applied research where an intense thermal 
neutrons source is required. Several irradiation channels are installed in the pool 
(Central Thimble, Rotary Rack and Rabbit system) with higher neutron fluxes but 
limited volumes; some other (horizontal extraction lines) are targeted for out-of-
core experiences with larger spaces for experimental devices but less intense 
neutron fluxes. Spectral characterization of neutron fluxes is performed by different 
methods according to the required target objectives. 
One of the main applications of TRIGA RC-1 is the Neutron Activation Analysis: a 
non-radioactive material is exposed to neutrons to generate radioactive nuclei. 
Such radionuclides are characterized to study the irradiated sample, e.g. analytical 
determination of elemental traces concentration [2]. 
With the same concept, it is possible to produce radioactive sources for nuclear 
medicine or industry also. With this focus in mind the TRIGA RC-1 team joined the 
EU funded SECURE Project. The ENEA investigation focused on the possibility to 
produce 161Tb by neutron activation of gadolinium target (highly enriched in 160Gd) 
[3,4]. After appropriate chemical processes, 161Tb (precursor of the 
radiopharmaceuticals for cancer therapy) and 160Gd oxide (to start new cycles) are 
extracted. As to study the production capabilities of the TRIGA RC-1, simulations 
are performed by MCNP and FISPACT-II codes, along with irradiation experiments 
for validation. 
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Varnish blanching poses a significant challenge in paintings conservation, altering 
their appearance over time. It occurs when paintings are kept in high-humidity 
environments or exposed to water. The moisture penetrates and modifies the 
structure of pre-existing nanoscopic pores in the polymeric varnish. Thus, the pores 
grow to a size that scatters visible light, causing the varnish to opacify. This study 
aims to deepen the knowledge of this degradation process by relating the 
alterations in the polymer structure with the optical changes. 
Our approach combines small-angle neutron scattering (SANS) and optical 
coherence tomography (OCT) to get complementary information of the structure 
and optical properties of the varnish. In this preliminary study, mastic varnish 
mock-ups are applied directly onto silicon wafers. The progress of the degradation 
is monitored through dynamic measurements using SANS and OCT on samples 
immersed in D2O and H2O, respectively. 
One finding is the observation of two distinct processes occurring on two different 
time scales: a visible but reversible process happens within the first 30 hours after 
immersion, while irreversible blanching is noticed after 3 days of soaking. The 
methods also allow us to monitor the size changes of the nanoscopic pores, and 
the swelling of the varnish layer on the two time scales. This research aims to 
provide valuable knowledge of the blanching process to develop conservation 
strategies for protecting our cultural heritage. 
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The nanocomposites based on polymer containing inorganic nanoparticles are a 
kind of composite materials comprising of nanometer-sized inorganic 
nanoparticles (1-100 nm), which are uniformly dispersed in fixed polymer matrix. 
The incorporation of structured nanomaterials with specific physical properties in 
the gel matrix allows this type of material to have multifunctionality. Our work 
focused on two systems based on:  Hydroxypropylcellulose (HPC) with zinc oxide 
NPs, and Chitosan (Ch) with silver NPs. Firstly, composite based on HPC/ZnO, HPC 
is water-soluble cellulose derivative forming hydrogel that shows excellent 
biocompatibility and biodegradability. It has been chemically cross-linked with 
sodium triphosphate (STP) as cross linker and obtained microgel of Rh 560±20nm 
while it does not show any optical properties. The ZnO NPs having good optical 
properties, have been introduced with varying w/w ratios to the gel matrix. 
Through dynamic light scattering (DLS), the 0.025% weight ratio of nanoparticles 
was found the best (stable for long time) and it has Rh 410±40nm lower than 
microgel due possible contraction of HPC free chains when ZnO NPs surrounds 
them and/or somehow electrostatic/van der Waals interaction between -OR (R= 
CH2CH(OH)CH3) group of HPC and ZnO NPs. In the absorption spectra we see a 
clear peak at 350nm indicates the presence of ZnO NPs in the gel matrix. Then 
Fluorescence over the range of 20-60oC was performed to check their temperature 
behavior and decrease in intensity was observed due to nanoparticles motion and 
gel cluster formation. Secondly composite based on Ch/Ag NPs, chitosan is a 
promising material for wound healing and silver nanoparticles (AgNPs), having 
attractive biological activities (anti-bacterial, antioxidant etc.) synthesized 
together by reduction of silver nitrate (AgNO3). Through Dynamic Light Scattering 
(DLS), we observed formation of a formation monodisperse system having Rh 
1100±120nm and UV spectra show a sharp peak at 427nm confirm the presence 
of Ag nanoparticles inside microgel. SANS measurements were carried out to get 
more details information about the structure of system. The preliminary results 
suggest the interaction of nanoparticles with the polymer chains, this plays a 
crucial effect in ruling the structural organization of nanocomposites. 
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The use of neutron tomographic imaging is emerging as a promise method to study 
bone - metal implant interface at medium-high resolution, in terms of material 
density and distribution. In this experimental work, neutron tomography was 
extended to the investigation of cellularized scaffolds for bone tissue engineering. 
316L stainless steel scaffolds were produced with a graded lattice geometry by 
Laser Power Bed Fusion (L-PBF) designed by reducing of approximately 50% in 
size a previously validated dense-out (DO) geometry. Reduced scaffold with DO 
geometry (rDO) were analyzed after immersion in two different cell culture media, 
such as Dulbecco's Modified Eagle Medium (DMEM) and DMEM + b-
glycerophosphate + ascorbic acid, for 7 days. Scaffolds in both the culture soils 
were also charged with human MG-63 human osteosarcoma cells, in order to 
evaluate the development of extracellular matrix after 7 days of culture. The aim 
of the study is to design a LPBF bone scaffold with enhanced graded lattice 
geometry, crucial for optimizing tissue regeneration strategies. Additionally, the 
study aims to characterize the in vitro performances of rDO scaffolds, to evaluate 
the development of ECM produced by MG-63 cells after 7 days of culture. Neutron 
tomography analysis allows identifying rDO scaffold in DMEM with MG-63 cells as 
the environment with the highest amount of organic compound. 
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Mimicking the interface between mammalian plasma membrane 
and extracellular matrix: chondroitin sulfate-decorated supported 

lipid bilayers 
 
Many vital processes, such as the interaction with pathogens or drugs, take place 
at the interface between the plasma membrane (PM) and the extracellular-matrix 
(ECM). The zwitterionic phosphatidylcholine (PC) and the negatively charged 
phosphatidylserine (PS) are among the most abundant lipids in the PM [1]. The 
ECM is made of flexible carbohydrates and proteins and is responsible for the cell 
organisation within tissues. Chondroitin sulphates (CSs) are present in the ECM of 
animal cells and are composed of a disaccharide unit (i.e. glucuronic acid and 
galactosamine), which can be sulfonated at different positions. Mono-sulfonation 
at position 4 or 6 is the most common, resulting in CS-A and CS-C species, 
respectively. Typically, CS-A is the most abundant form in human cells, however 
CS-C is overexpressed in cancer cells [2]. There is few information on the structural 
arrangement of CS molecules onto the PM surface and how this is affected by the 
status of the cell, e.g. healthy cells vs cancer cells vs inflammation response. This 
project is aimed at developing supported lipid bilayers (SLB) functionalised with CS 
molecules to investigate the impact of the bilayer lipid composition on the 
structural arrangement of CS. To produce said bilayers, we optimised a recently 
reported protocol [3], which consists in adding a modified phospholipid that bears 
an ammino group exposed to the bulk solvent (18:1 Dodecanylamine PE, DOPE-
NH2) to the SLB to form an amide bond with CS-C. We investigated the CS-SLBs 
interaction for SLBs composed of either pure PC lipids or a mixture of PC and the 
negatively charged PS. These systems let us investigate the response of the CS 
layer structure to the exposure of PS lipids on the PM surface, which occurs in case 
of inflammation. The produced samples were characterized with quartz crystal 
microbalance with dissipation monitoring (QCM-D) and neutron reflectometry 
(NR). 

 
Figure 1: Schematic representation of the PM-ECM interface. 
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Thermal neutrons are detected by nuclear interactions, in which their energy 
information is lost. This project, following on from a proof of concept and a 
statistical investigation of using the cross section variation of the interaction with 
energy to extract the neutron energy, will use this in conjunction with AI/machine 
learning to produce a workable algorithm to determine the neutron energy and the 
limitations of the technique with multilayer detectors. This builds on a proof of 
concept and statistical investigation of using the cross-section variation of the 
interaction with energy to extract the neutron energy. A unique chance to take use 
of this option is provided by the innovative multi-layer 10B thin film detector 
technology, which uses the different neutron penetration depths to retrieve energy 
information. Additionally, the experimental implementation and verification of this 
will be examined. The result is an algorithm to calculate the energy of thermal 
neutrons in a realisable detector. The goal is to create a machine learning model to 
validate and optimize the results of a basic model for neutron absorption derived 
from simulations using Geant4 and Ncrystal toolkit. The input parameters – that is, 
the inelastic neutron scattering cross section – will be the crucial choice for the 
model. The purpose of this work (just starting) is to apply the conceptually proven 
results to the real-world applications and useful algorithms as a possible 
supplementary tool for neutron scattering beyond time-of-flight measurements. 

 


