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PREFACE

Almost three years after the formation of 
UTAPRAD in ENEA, it is proper to make some 
considerations about its mission and strategy, 
especially taking into account the evolving 
international scenario and the economical 
crisis.

UTAPRAD is a technical unit dedicated to 
the development of physical technologies, 
specifically to the application of radiations. 
Technologies, and relevant methodologies, 
concern ionizing and non-ionizing (e.g. lasers 
and long wavelengths emissions) radiations, 
particle accelerators (electrons, protons), 
micro and nano-devices (emitters, detectors), 
the respective physical modeling relevant 
to radiation transport and radiation-matter 
interaction. The broad application fields, 
ranging from industry (opto-electronics, 
photonics, energetics), environment (marine 
and atmospheric monitoring, cultural heritage 
diagnostics), health (imaging diagnostics and 
radio-therapy), security (NBCR-E threats) 
and safety (food, seismic), required since the 
beginning a multidisciplinary expertise that 
increased with the recent recruitment policy. 
At Dec. 31, 2012 the graduated personnel 
distribution was the following (Figure 1).

The staff member composition was completed 
with 28 specialized technicians and 5 
administrative employees.

Fig. 1 – Graduated personnel distribution at UTAPRAD on 
Dec. 31, 2012

Our expertise gathers in three main clusters 
relevant to:

1. Laser systems for diagnostics and 
processing,

2. Particle accelerators and free electron 
lasers,

3. Micro- and nano-structures, photonics.

In 2012 funds for all researches carried out 
came from international and national projects, 
with the prevailing of European projects 
for Security, both Italian and European 
contributions to environment and cultural 
heritage, the prevailing Italian support on 
other topics (Industrial and fundamental 
researches from MIUR, Industria 2015 and 
programme agreements on energetic from 
MiSE), researches directly funded by industries 
are present as well.

As in the past, a significant part of the research 
activities are conducted in cooperation with 
different ENEA UTs, some of them upon 
the leadership of UTAPRAD or with shared 
responsibility (e.g. with UTICT for Cultural 
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Heritage), some on charge of  other UTs 
better complying with the respective mission 
(e.g. UTFUS for diagnostics inside fusionistic  
vessels). 

The activity is conducted at ENEA Frascati 
research center, where a more than 60 years 
old background on relevant technologies is 
located (Figure 2).

Major results obtained in 2012 are shown here 
according to our four laboratory scheme:

➢ Diagnostics and Metrology – DIM
➢ Mathematical Modeling – MAT
➢ Micro and Nanostructures, photonics – 

MNF
➢ Radiation Sources – SOR

However joint groups from the different 
laboratories, together with the senior staff 
at the UT direction, participate to different 
research projects as far as they can be involved 
for specific knowledge and available facilities. 

A growing and growing attention to the 
dissemination and exploitation of scientific 
results was paid during 2012, outstanding 
initiatives are mentioned where relevant.

Have a nice reading!  

Dr. Roberta Fantoni

UTAPRAD Director

1 DIAGNOSTIC AND METROLOGY LABORATORY

1.1 MISSION AND INFRASTRUCTURES

The Diagnostic and Metrology Laboratory, 
included in the ENEA Frascati Research 
Centre, is mainly focused in the development 
of laser sensors for environmental monitoring 
applications in devoted outdoor campaigns. 
The implemented laser technologies are 
dedicated to find the state of the art in the 
electro-optical spectroscopic tools that are 
better tailored in terms of discrimination and 
sensitivity in diagnostic and metrology field of 
applications. More in details the allocated roles 
to the Laboratory are:

➢ the development of spectroscopic and 
optic systems for in-situ or remote (lidar 
systems) in sensing and metrological 
applications (environmental, Cultural 
heritage, Security and health);

➢ the development of compact and 
miniaturized sensors to be operated 
in hostile environments and space 
explorations;

➢ the development of imaging sensors for 
in-situ applications in different fields of 
interest supporting also data analysis and 
images release; 

➢ the support to data merging from  different 
active and passive optical sensors.

The competences available in the Laboratory 
are originated from the expertise in different 
scientific disciplines as laser spectroscopy, 
optics, active and passive sensors, terrestrial 
and marine biology, analytical chemistry, 
biology and data analysis. This know-how 
is fruitfully devoted to the development 
of sensors for scientific and industrial 
applications. In details the tasks assigned are 
summarized as follows: 

•	 the	 design,	 implementation	 and	 tests	 of	
compact optical systems for environmental 
active and passive remote sensing including 

harsh environments, Cultural heritage and 
Security. 

•	 the	 execution	 of	 monitoring	 campaigns	
with own instruments installed in 
dedicated payloads to be connected with 
terrestrial and/or marine autonomous 
robots or rovers, merging data from other 
sensors;

•	 the	 design,	 implementation	 and	 tests	
compact and/or imaging spectroscopic 
sensors for real time analysis of hazardous 
materials scattered in different matrices, 
for health applications and for the goods 
characterization;

•	 the	development	of	optical	tools	for	in-situ	
and remote sensing on demand of other 
UTs; 

•	 the	maintenance	and	hardware	upgrading	
of its own mobile laboratories for 
environmental monitoring;

•	 the	 participation	 to	 research	 activities	 in	
national and international joint ventures. 

List of facilities and sensors available at 
UTAPRAD-DIM during present activity are 
here summarized: 

•	 Satellite	 oceanographic	 data	 analysis	 and	
merging laboratory

•	 Plant	biology	laboratory
•	 Environmental	analytic	laboratory
•	 Laser	scanning	flow	cytometry	laboratory
•	 LIBS	and	XRF	laboratory
•	 Bio-electro-magnetism	laboratory
•	 Atmospheric	mobile	lidar	laboratory
•	 Molecular	spectroscopy	laboratory
•	 Non	linear	spectroscopy	laboratory
•	 Artificial	 vision	 laboratory	 with	 3D	 laser	

scanners
•	 Lidar	 fluorosensor	 and	 LIF	 scanning	

sensor
Fig. 2 - Frascati Sinchrotron old building at ENEA, currenty 
hosting electrons and protons accelerators.
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characterization of natural waters by light-
induced	fluorescence	(Italy),	UNELAS	aims	to	
demonstrate the deployment of an underwater 
sensor network for coastal zones monitoring.
The Israeli group is developing an underwater 
optical communication device, based on its 
wireless technology to transfer the information 
from the submersible sensor to the processing 
center above the sea surface. The Italian group 
is developing SOMBRERO, an underwater 
spectrofluorometer,	based	on	its	experience	on	
CASPER, a patented instrument for the bio-
optical characterization of natural waters by 
laser-induced	fluorescence.	The	breakthrough	
of SOMBRERO is the use of UV and blue 
LEDs instead of lasers, thus reducing size, 
weight and cost.

The laboratory test of SOMBRERO (Figure 
20) has been carried out obtaining the results 
shown in Figure 21.

Atmospheric Lidar measurements 

The true magnitude of 
CO2 emissions from 
volcanic activity is poorly 
constrained, limiting our 
understanding of the 
natural carbon cycle. CO2 
-sensitive lidars could 
be used to measure the 
distribution of CO2 in a 
volcanic plume, thereby 
allowing volcanic CO2 
fluxes	 to	 be	 measured	
directly. Two recently-
begun ERC research 
projects CO2VOLC and 
BRIDGE aim to produce 
such instruments based on 
the differential absorption 
lidar (DIAL) technique 
(Figure 22).

Our laboratory has been involved in the 
realization of two DIAL systems (airborne for 
CO2VOLC and ground-based for BRIDGE) 
for the lidar measurement of volcanic plumes.

Fig. 20 - Laboratory test of SOMBRERO in algal solution.

Fig. 21 -  Spectrum of Milli-Q water and chlorophyll. The 
water Raman scattering is peaked at 535 nm. The emission 
at 680 nm (and 730 nm) comes from the chlorophyll 
fluorescence. The pigment concentration is proportional to 
the 680-to-535 ratio. 

Fig. 22 - DIAL principle of operation. The figure does not 
represent the actual geometry of the experiment.

Both projects are at their beginning and in 
this first months we investigated the ON 
and OFF wavelengths which offer optimal 
CO2 detection and identify the spectral 
requirements of the lidar transmitter, in the 
context of commercially available cutting-edge 
laser sources. The atmospheric interference, 
mainly due to water vapor, was studied as well. 

Once chosen the suitable ON and OFF 
wavelengths the lidar signal has been 
simulated with a numerical model and the 
following conclusions has been drawn: DIAL 
measurement of carbon dioxide in volcanic 
emissions should be performed in the 1.6 or 
2.05 µm bands. After examining the absorption 
coefficient of carbon dioxide and water vapor, 
five spectral windows have been retained: 
1570-1585 nm, 1600-1615 nm, 2005-2020 nm, 
2045-2060 nm and 2060-2075 nm (Figure 23). 

Eventually, one wavelength per spectral 
window has been selected for DIAL 
measurement of carbon dioxide, having in 
mind to reduce cross sensitivity to water vapor. 
The observation of the atmospheric absorption 
coefficient at different altitudes led to the 
conclusion that laser transmitter should have 
a linewidth narrower than 0.05 cm-1. Beam full 
angle divergence and pulse duration should be 
less than 0.5 mrad and 100 ns, respectively, in 
order to accurately profile volcanic plumes.

Fig. 23 - Absorption coefficient of CO2 and H2O (1 atm, 296 
K) from 1.425 to 2.125 µm.

1.5 DIAGNOSTICS FOR CULTURAL 
HERITAGE PRESERVATION AND 
FRUITION 

RGB-ITR: a laser scanner prototype for high-
accuracy 3D color imaging of real scenes

Laser scanning systems are steadily more and 
more employed for high-resolution 2D (two-
dimensional) and 3D (three-dimensional) 
imaging devoted to an accurate reconstruction 
and modeling of a real scene. The technique has 
found widespread application for industrial, 
civilian and military purposes and, in the last 
years, also for precise surveys in the field of the 
Cultural Heritage (CH). 

Besides an improved assessment about the 
preservation state of an artwork, the most 
advanced variations of the methodology 
enable also investigations on the pigment 
status. So, these devices are actually deemed 
fundamental in the localization of structural 
damages (surface cracks, delaminations, etc.) 
and of surface deterioration from physical or 
chemical agents. Moreover, the quantitative 
analysis and the processing of the data 
acquired with these devices can support 
CH professionals to estimate the amount of 
material necessary to a possible restoration 
work.

Fig. 24 - RGB-ITR system assembled in a tower configuration 
on a mobile platform. On the bottom: the first two boxes 
host a motion controller of the scanning motors and lock-in 
amplifiers for laser modulation and signals detection. Inside 
the next box: laser sources and detectors. On the top: the 
optical head with the scanning mirror. A laptop is used for 
the remote operating of RGB-ITR and for the analysis of the 
acquired data.
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Within this framework, ENEA Artificial Vision 
Laboratory (ArtVisLab) in Frascati (Rome) is 
since several years involved in the development 
of electro-optics scanning systems with a 
particular attention to Amplitude-Modulated 
(AM) laser optical radars. 

In the last times the laboratory efforts are 
mainly concentrated on remote and punctual 
diagnosis of cultural heritage, trying to 
develop instruments suitable for multiple 
purposes concerning restoration, diagnostics, 
cataloguing and education. A special attention 
has been lately devoted to the study of the 
preservation state of the pigments of an 
artwork with the purpose of developing a 
remote and punctual colorimeter.

In order to face this important challenge 
ArtVisLab has recently realized a new 3D 
laser scanner prototype called RGB-ITR (Red 
Green Blue Imaging Topological Radar, Figure 
24). It is based on three AM laser sources 
emitting continuous-wave light with mW 
power at 450nm (blue), 532nm (green) and 
650nm (red) mixed together by dichroic filters 
for obtaining a single white ray illuminating 
the investigated target. The system uses a 
motorized mirror for focusing and sweeping 
the laser beam onto the target. 

Due to construction limits, the actual angle 
of	 view	 of	 RGB-ITR	 is	 90°	 x	 310°,	 with	 a	
point-to-point precision of 0.002°. The rate 
of data acquisition can currently achieve the 
maximum value of 10000 sample points per 
second. Five channels of information per 
each sampled point (pixel) are collected by 
three avalanche photodiodes and dedicated 
electronics: two distance measures (high and 
low	 frequency)	 and	 three	 target	 reflectivity	
signals (red, green and blue channels) with 
typical	 modulation	 frequencies	 of	 190MHz	
for red, 1−10MHz for blue and 30kHz for 
green. So, RGB-ITR is a non-invasive, AM, 
continuous-wave 3D laser scanner that can 
concurrently acquire information on the range 
(i.e. form) and native color of the investigated 
target. 

As final result, the device is particularly 
suitable to reconstruct high-resolution (sub-
millimetric), high-quality, dense, accurate 3D 
color models for a hyper-realistic rendering 
of colored features on a target such as frescos 
and for identification of surface irregularities. 
Specifically, the combination of the five 
information acquired for each sampled point 
opens new scenarios for a remote punctual 
colorimetry allowing reliable diagnoses 
without the use of scaffolds.

The color information is retrieved by detecting 
the	 amplitude	 of	 the	 back-reflected	 signal	
from the target A method for color calibration 
with the distance has been successfully tested 
in laboratory and finally adopted during field 
measurements performed by RGB-ITR for the 
3D digitization of artworks. 

It is based on the measurement of a 
reference white target placed at different 
distances (typically between 2.5m and 21m, 
approximately corresponding to the standard 
operating range of the instrument), that 
permits to obtain specific calibration curves 
for each color channel depending both on 
target distance and optical acceptance. Beside 
the color calibration procedure, in-house 
developed and copyrighted software packages 
permit to remote operate the RGB-ITR 
(ScanSystem) and to process the range and 
the calibrated RGB data (ITR_Analyzer), so 
generating highly faithful and reliable 3D color 
models that can be exported into the most 
common 2D/3D file format.

A careful processing of 3D color models 
acquired is performed in order to optimize 
the color information. Specifically, this work 
has been mainly focused on the data involving 
the vault and the Universal Judgment of the 
Sistine Chapel (Vatican City, reproduction 
copyrighted), the Amore and Psyche Lodge 
(Villa Farnesina, Rome). An example of results 
obtained before and after the application of the 
aforementioned color calibration procedure 
on the recorded RGB-ITR data is reported in 
Figure 25.

A detail of this model is instead shown in 
Figure 26 along with a table reassuming 
the main RGB-ITR acquisition parameters 
during Sistina Chapel campaign. Specifically, 
the detail is represented by the thin rings of 
the God’s ear in the Adam’s creation fresco, 
that were previously observed only in photos 
collected at 50cm of distance by a Japanese 
team, while RGB-ITR acquired this image 
with similar resolution/accuracy at a distance 
of about 20m.

A further example of RGB-ITR data processing 
acquired in Sistine Chapel, still under 
development, concerns the identification of 
regions of calcium carbonate in the frescos. 
Within this framework, a technique has been 
properly developed. It is based on algorithms 
already tested successfully on digital 
mammograms for segmentation of the breast 
masses. Figure 27 (left) shows a result obtained 

Fig. 25 - 3D color model of the Sistina Chapel after the application of the color calibration procedure: vault (40.5m x 13.5m x 20.5m) 
and Universal Judgment (13.5m x 18.5m) acquired by RGB-ITR system. This image is shown for scientific purposes only.

Fig. 26 – A detail on the vault of Sistine Chapel (left). On the 
right: a table of the main RGB-ITR acquisition parameters.

by the technique known with the name of Active 
Contour (AC) applied on a crop of the fresco 
called	“Temptations	of	Christ”	(Botticelli,	XV	
century, 3.45m x 5.55m). Despite the presence 
of false positives on which we are working, 
the achieved result is a good starting point 
for the development of a more robust method 
devoted to help the restorers in the automatic 
localization of the painting regions attacked 
by calcium carbonate. In Figure 27 (right) it is 
instead shown the graphical user interface that 
permits the implementation of the developed 
technique.

Finally, the results of scans of pigments similar 
to those present in the Sistine Chapel, acquired 
by RGB-ITR during laboratory tests, are 

Fig. 27 - Left: segmented cropped image of the “Temptations 
of Christ” fresco (Botticelli, XV century), acquired by 
RGB-ITR, showing the results obtained with the developed 
technique for the detection of calcium carbonate regions 
enclosed by white lines. Right: graphic interface for the 
implementation of the developed technique.
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displayed in Figure 28 (left) along with a photo 
of the pigments (right).

It should be noted that the color calibration 
procedure, applied to the raw data recorded by 
RGB-ITR properly referring to the Lambertian 
white target located in front of the sample 
holder of the pigments, permits to obtain a 
satisfactory result in terms of color hue and 
purity due to no dependency of the RGB-ITR 
system from external light sources. Future 
works will be addressed to the development 
of a further calibration method that takes 
into account the dependence of the color 
information on the viewing angle.

Development of an innovative subsea 3D 
laser scanner  

2012 has marked a step 
change in the developmental 
activity of the amplitude 
modulated subsea 3D laser 
scanner. This technique is 

based on the measurement of the phase delay 
that a modulated laser beam acquires when 
back-reflected	by	a	target	and	allows	to	record	
faithful 3D models of immersed objects. 
We demonstrated that a millimetric spatial 

Fig. 28 - On the left: color model of the pigments similar to those present in Sistine Chapel acquired by RGB-ITR system during 
laboratory tests. On the right: photo (with flash) of the pigments scanned in the laboratory by RGB-ITR. A satisfactory result 
in terms of color hue and purity has been achieved.

resolution at 10m of distance from the target 
is attainable depending on the water turbidity.  

Within IT@CHA project and finalized to boost 
the technological innovation in maritime 
archaeology. The ArtVisLab is called to give 
momentum to its commitment and to deliver 
a device which can be effectively deployed in 
subsea for the inspection of archaeological 
sites. On the wake of critical inputs and 
feedbacks from potential end-users several 
technological and scientific innovations have 
been identified and studied to realize a less 
bulky and better performing sensor. To begin 
with, a new method to transmit electrical 
signals at Radio Frequency over long distances 
has been successfully tested in laboratory 
(Figure	29).

Fig. 29 - The modules for electrical to optical conversion of RF 
signals.

The method relies on the conversion of the 
electrical signals into optical ones and their 
transmission over single mode fibers for 
getting rid of the electromagnetic interferences. 
Adopting this solution enables the allocation 
of most of the electronic equipment on the 
support vessel thus considerably reducing the 
weight and the dimension of the immersed stage 
of the sensor. Another major improvement 
stems from the installation on the new sensor 
of two subsea-rated mini cameras (Figure 30) 
for ensuring visual guidance to the operator 
and also providing a stereo-vision of the scene 
under inspection for an early assessment. 

The two cameras come from advanced 
technological developments in the offshore Oil 
and Gas sector and the possibility to combine 
in a modular sensor 3D laser and stereo-vision 
should be seen as a considerable leap forward 
in subsea monitoring practices.

Other advanced technological solutions 
studied and ready to be tested in laboratory 
include transmission of electrical, optical 
and Ethernet signals over a subsea rated dry-
mateable cable, a detection scheme based on 
a linear array of optical fibers to enhance the 
field of view and a compact computer of new 
conception which could also accomplish the 
function of up to three lock-in amplifiers as 
well to generate the low frequency signal to 
drive the scanning mirror. 

All the identified technological solutions have 
been analyzed and integrated to come up with 
a preliminary concept-design (Figure 31) of 

Fig. 30 - The subsea-rated mini camera.

the new prototype to be developed. The two 
optical windows (12cm of diameter), are one 
devoted to the transmission of the laser beam 
and the other for collecting the optical signal 
to be processed. The prototype is ultimately 
intended for installation onboard a Remotely 
Operated Vehicle (ROV) for multitasking 
subsea survey missions. 

Laser Induced Fluorescence for Cultural 
Heritage diagnostic, preservation and 
characterization

In the last few years, nanocomposites have 
been frequently applied for restoration and 
conservation of artworks. In fact, it has 
been demonstrated that inorganic oxides 
nanoparticles, such as silica and titania, 
improve the performance of materials used in 
conservation field. In this study, properties of 
consolidant and protective materials prepared 
in solutions with homogeneous dispersed 
nanoparticles have been analyzed after 
application on marble and travertine samples. 
To this purpose different solutions of acrylic 
polymer and silicon-based resins with silica 
and titania nanoparticles were prepared. New 
Travertine samples, white and grey Carrara 
marbles, new and aged in climatic chamber 
or at open air, provided by UTTMAT-DIAG 
were used as substrates (Figure  30 left) SiO2 
and TiO2 nanoparticles were produced by 
CO2 laser pyrolysis in the UTAPRAD-MNF 
laboratory by using tetraethoxysilane and 

Fig. 31 - Concept-design of the new subsea    3D laser scanner
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titanium tetraisopropoxide as precursors, 
respectively. The nanoparticles were dispersed 
in solution at different concentrations and used 
for mixing with acrylic resin (Paraloid B72) 
and commercial polyalkylsiloxane (Rhodorsil 
RC80). The obtained solutions were applied on 
specimens by brushing until manifest refusal 
to simulate the treatment in real situation 
(Figure 32). 

Such treated stone samples were submitted 
to aging processes both in climatic chamber, 
taking into account temperature and relative 
humidity, and in solar box, for considering 
solar light irradiation, in view of simulating a 
natural open air exposition.

Laser Induced Fluorescence (LIF)  
measurements were executed before and after 
the accelerated aging to characterize by a 
remote diagnostic tool the different materials 
by	 means	 of	 their	 fluorescence	 spectral	
signatures. In particular, LIF was performed 
to enhance the database of restoration 
products with the aim to recognize in future  

Fig. 32 – White and grey Carrara samples (top) and 
application of solutions by brushing (bottom).

measurements in field these innovative 
materials and to test their resistance to the 
climatic agents.

LIF spectra excited at 266 nm showed that for 
Rhodorsil RC80 and Paraloid B72 treatments, 
the addition of SiO2 nanoparticles causes an 
increase of intensity bands respect to the pure 
polymer matrix. The presence of  TiO2 decreases 
the signal intensity, in different bands ratios 
related to the acrylic and siloxane matrix. Also 
in the case of travertine SiO2 nanocomposites 
increase	 the	 fluorescence	 efficiency,	 while	
TiO2 decreases the signal. The photo-oxidative 
and mechanical aging tests reveal important 
different degradation processes clearly 
related to the selected exposure conditions 
and to the specific chemical and physical 
nanocomposite properties. The specimens 
exposure to the Solarbox irradiation shows 
for the siloxane treatments a good surface 
resistance due to the minimal morphological 
variation observed in SEM images and to the 
permanently characteristic luminescence 
bands in the acquired LIF spectra. On the 
contrary, Paraloid B72 irradiated films show 
in SEM images relevant surface alteration (rise 
of pores, similar to the pitting phenomena 
corrosion, loss of the polymeric material, 
individuated also in presence of nanofiller) and 
the LIF spectra confirm this weathering: the 
luminescence band at 330 nm, characteristic 
of the acrylic polymer, disappears (Figure 33). 

This strong signal decrease can be due to 
reactions of photochemical degradation. 
In fact, changes in the molecular structure, 
as alterations in the unsaturated functional 
groups, as the carboxylic and carbonylic ones, 
responsible	 of	 the	 fluorescence	 processes,	
could occur. 

Spectral database of Renaissance fresco 
pigments by LIBS, LIF and colorimetry

The fast analysis and recognition of fresco 
pigments by optical methods that are fully non 
destructive or present a very low invasiveness 
is an important issue. In fact, the more 
information on surface materials of a fresco are 
given to the restorers, the better the restoration 
works can be carried out. In particular, 
the used pigments, the followed procedure 
and eventual successive application of 
consolidants or modern pigments are the most 
enquired queries that chemists and physicists 
receive from art historians, archaeologists 
and restorers for dating, assignment and 
investigation of ancient artworks.

During the last decade laser techniques, as 
Laser Induced Breakdown Spectroscopy 
(LIBS) and Laser Induced Fluorescence 
(LIF), have been recognized as unique tools 
for Cultural Heritage study mainly due to 
the offered advantages relevant to in situ 
applicability, capability of remote analysis, 
minimal or absent invasiveness, and as far 
as LIBS is concerned, possibility to perform 
stratigraphic analysis with high sensitivity for a 
very large number of elements, including light 
atoms. According to the procedure sketched in 
Figure 34, a set of about 70 fresco specimens 

has been prepared with pigments and binders 
typical of the Renaissance period in Rome. 
Afterward they have been characterized by 
the LIBS, LIF apparatus developed at the 
DIM Laboratory and by means of a ColorLite 
sph850	 spectrophotometer	 (for	 reflectance	
and colorimetric measurements) in order 
to build as much as possible a complete 
database. Aiming at providing the restorers 
and art historians with a useful tool for 
the study of ancient frescoes, the samples 
have been prepared in agreement with the 
Cennino Cennini recipes for both materials 
and procedures. In particular, much attention 
has been paid to the geographic origin and 
chemical composition of plaster (intonachino) 
and pigment components. LIBS measurements 
have been carried out at 1064 nm, while 
LIF ones have been performed using two 
wavelengths (355 and 266 nm), in order to 
compare	 the	 different	 induced	 fluorescence	
emissions. 

The results obtained support the choice of 
combining in the database colorimetric 
measurements, LIBS data and LIF spectra 
at two different excitation wavelengths. The 
results found on applying a multivariate 
analysis method on data extracted from LIBS 
spectra prove the necessity and the utility 
to use this methods to correctly interpret 
experimental data and to find out from the most 
important features for clustering and material 
characterization. In particular the outcomes 
suggest to use statistical approaches in the 
analysis of all the acquired data of the database 
for a smart and quick characterization, that can 
help in on field analysis of historical frescoes.

Fig. 33 - LIF spectra of a marble sample treated with a 
Paraloid B72 nanocomposite before and after Solarbox (S.) 
aging. Fig. 34 -   Material and technique used for sample preparation.
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LIBS for underwater material analysis 

During the last part of the project AQUALAS 
in collaboration with the University of Malaga 
(UMA), aimed to develop a LIBS system for 
in-situ underwater measurements, a large 
amount of the previously acquired data was 
further elaborated. These measurements 
regard characterization of processes during 
laser ablation of a metallic target underwater 
and include the following  optical techniques: 
laser scattering, laser beam transmission and 
reflection,	 shadowgraphy,	 fast	 photography	
and LIBS signal detection. 

The obtained results fully explain the LIBS 
signal behaviour inside liquids under dual 
pulse excitation. Here, the defocusing effect of 
the vapour bubble (Figure 35)  formed by the 
first	 laser	 pulse	 and	 reflections	 at	 the	 bubble	
alter the beam coupling and the detection 
efficiency. 

Transitions through the focal volume of the 
shockwaves generated by the first pulse and 
reflected	 by	 nearby	 solid	 objects,	 change	 the	
local refraction index and enhance the LIBS 
signal produced by the second pulse even for 
a	factor	4X	(Figure	36).

By a fast photography we discovered that the 
primary plasma during ablation in liquids 
develops in two phases: violent particle 
expulsion and ionization during the first μs, 
followed by slow plasma growth from the 
ablation crater into the evolving vapour bubble. 
This second phase of the plasma growth inside 
liquids, with duration longer than 30 μs, was 
observed for the first time. Such effect was 
explained by backward propagation of the 

initial plasma slowed down by dense media, 
and the consequent reheating of the sample.

Beside the LIBS spectroscopy, the findings 
described above are  important also for 
medical applications, underwater imaging, 
wet material processing and synthesis of nano-
materials in the liquid phase.

1.6 TECHNOLOGIES FOR ENERGY 

IVVS - In Vessel Viewing and ranging System 
for ITER

The “In Vessel Viewing and ranging System” 
(IVVS) is a fundamental remote viewing 
equipment, which will be used to achieve a 
survey of the status of the first blanket wall and 
plasma divertor facing components in ITER 
and to make erosion measurements of the 
vessel during the plasma discharges. 

The activities of design and testing of the probe 
components are ongoing in the framework of a 
Fusion for Energy (F4E) grant for making the 
IVVS probe compatible with ITER working 
conditions such as high temperature, very high 
magnetic field (8T), ultra high vacuum (UHV), 
neutron	 and	 gamma	 fluxes	 (5kGy/hour	 and	
integrated dose up to 10MGy). Furthermore, 

the IVVS probe dimension must be compatible 
with the geometrical constraints coming from 
the space allocated to the system and from the 
port to access to the vacuum vessel. The IVVS 
prototype developed at ENEA is a compact 
amplitude-modulated laser radar able to obtain 
high-resolution intensity and range images. 
The probe steers the laser beam through a 
fused-silica prism attached to the mechanical 
axes whose rotations allows the scan of the 
desired area. Two optical encoders accurately 
measure the angular position of the prism 
allowing the reconstruction of high-resolution 
images. Several tests have been performed at 
ENEA CALLIOPE gamma irradiation facility 
(dose rate 2.5kGy/h and total dose 4MGy) 
on piezoelectric motor, optical encoder 
and fused-silica optical samples in order to 
verify the dielectric coatings behavior under 
irradiation (Figure 37).

The PI piezo-actuator under investigation 
is a rotary stage prototype consisting of two 
piezo-linear devices U-164 preloaded against 
a ceramic friction ring. They work as a break 
when at rest while during the operation phase 
they oscillate with ultrasonic frequencies 
providing a rotation of the ring. The overall tests 
campaign on IVVS probe will be completed 
within 2013 exploiting other ENEA facilities. 
Erosion tests have been also performed on 
calibrated target (aluminium alloy plate) 
placed at about 4m of distance from the IVVS 
laser radar. The metallic plate was eroded on 

four different areas (engravings) with various 
depths (2.1mm, 0.5mm, 0.3mm, 0.1mm) in 
an attempt to simulate the possible erosion 
processes of the ITER vessel. The plate under 
investigation was then sanded to eliminate 
undesired	 back-reflections	 contributions	 and	
weighted before and after the erosion process. 
Thereafter, a series of scans of the target 
was carried out by means of the IVVS laser 
radar placing the metallic plate at different 
orientations with respect to the direction of 
the incoming laser beam (inclination angles of 
0°, 20° and 45°) for acquiring high-resolution, 
reliable, accurate 3D models of the investigated 
target. A comparison between the plate loss 
of weight opportunely evaluated by means of 
the IVVS laser radar and measured by a high-
accuracy balance before and after the erosion 
has been performed showing a maximum 
percentage error of 7%. Currently we are going 
to transfer this technology to the industry for 
a future delivery of laser viewing and ranging 
systems for fusion reactors.

LIBS detection of H and D in ITER–like tiles 
superficial layers 

High temperature plasma in hydrogen 
isotopes are peculiar of thermonuclear fusion 
devices. The study of plasma-wall interaction 
is of paramount importance for avoiding 
both damage of plasma facing components 
(PFCs) and pollution of the plasma. To assure 

Fig. 35 -   Position dependent collection of the secondary 
plasma generated inside the expanded bubble: left - 
Illustration; right – photogram of the secondary plasma.

Fig. 36 - Peak intensity of the spectrally integrated plasma as 
a function of interpulse delay: spacing between the vertical 
lines indicate the time necessary for round trip sample-cell’s 
wall of the initially formed pressure wave.

Fig. 37 - Left: piezo-motor test assembly on Calliope Facility. Right: detail of piezo-motor test assembly.
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