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Mission

Development of new instruments & methods,
archeometric studies and diagnostic for
Cultural Heritage are the main research
activities.

Not only the latest technologies in this field
are used, but also new high technological
solutions are developed.

Read More »
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Highlights: BE-ARCHAEO Project

Archaeologists (from both Europe and
Japan) will collaborate with a large team
of interlinked archaeometry experts
(chemists, physicists, soil scientists,
geologists, biologists...

Highlights: Art Detectives Team Up

What does an early Picasso self-portrait
have in common with a 3,000-year-old
Egyptian lapis-lazuli beetle? They are
both under close examination using
complex and advanced research...

Highlights on CHNet Network

CHNet is the new Cultural Heritage
network established inside INFN.

It is composed of ten units spread
throughout Italy with multiple skills in
archaeometry and diagnostics...
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Physical methods in Archaeometry and Cultural Heritage: particles to look inside the CH, an example

Examples of objects from Ancient Egypt Use of techniques based on:

M§MUSEO a X-Rays (XRF, Radiography.
EGIZIO I

Protons (Pl XE, | Bl L é)
Neutrons (Tomography, D
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A. Lo Giudice et al, Archaeological and
PROT Anthropological Sciences (2017) 9: 637-651

a b
-
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AGLAE in Paris §
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Fig. 4. CT horizontal slices of the two statuettes (a: statuette B; b: statuette A)
in which the preparation layer is visible (pin : lack of material; blue
arrow: thicker preparation layer; green arrow: defects).

L. Vigorelli et al, Journal of Archaeological _ ! _ i .
Science: Reports 44 (2022) 103518 Fig. 1 Neutron Tomography reconstruction of the cat bronze statuette C. 0887. On the left side of the figure the

3D segmentation.
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Physical methods in Archaeometry and Cultural Heritage

Physics for Cultural Heritage:
an important impact on society

Collaboration with local (but not only) institutions

Museums

MUSEO
M§ EGIZIO I . . I‘t

museo Musei Reali Torino
d’arte
orientale

Restoration Center

E asian
) ED ETNOGRAFIA .
muscum UNIVERSITA DI TORINO ]
- ° ° [ ] [ J
nformation on - Visit Museo Egizio
- preservation state of artworks |
_ manufacturing techniques Discover 4000 years of history, archeology, art

- employed materials
- provenance of raw materials

- authentication é .
https://www.museoegizio.it/en/
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Physical methods in Archaeometry and Cultural Heritage
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A Humanremains
A Wallpaintings, picturesmosaics
A Statues

A Archaeologicalemains
A Historicalbuildings

A Vases

A Books anghotographs
A Furniture
A Jewellery
A Weapons
A Contemporary art

A Organiacemains
A Pigments :
A Mortars, plasters
A Stone [
A Wood = m
A Metals andalloys
A Ceramicsind glasses

A Unfiredbricks tiles

A Paper, leatherfibres, feathers
A Plasticssyntheticmaterials
A Composite materials
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Physical methods in Archaeometry and Cultural Heritage

Multi-Inter-Trans/
disciplinarity

% |ASSOCIAZIONE

L.~ |ITALIANA DI

A4 |ARCHEOMETRIA
0000

https://www.associazioneaiar.com/

F. BonaudiT E. Chiavassa - XXXIII International School on Particle Detectors 6/50



Physical methods in Archaeometry and Cultural Heritage: Multidisciplinarity (an example)

BEYOND ARCHAEOLOGY

AN ADVANCED APPROACH LINKING EAST TO WEST THROUGH SCIENCE
FIELD ARCHAEOLOGY
INTERACTIVE MUSEUM EXPERIENCFS

Tobiotsuka Burial Mound

Fig. 1. Location of the Tobiotsuka Burial Mound within Japan, in the Okayama
prefecture and picture of the entrance of the stone chamber with evidence of
the relevant vegetation over the mound.

éonly some of

Archaeologists
Conservators
Museologists
Linguists
Geologists  m—
Biologists
Physicists
Chemists

Computer scientists
Pedologists
Veterinarians

Journal of Archaeological Science: Reports 30 (2020) 102256
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Fig. 9. Inversion results of two of the 2D resistivity lines cutting the stone chamber axis with evidence of two relevant high resistivity anomalies (black circles).

Stone Chamber
Entrance

15
x[m]

Fig. 11. 3D visualization of the 3D inversion results: a) section of the 3D model
in correspondence of the middle of the stone chamber with correspondence of
the stone chamber location and dimensions and b) section of the 3D model at
28.5 m of elevation with evidence of the stone chamber location and localized
high resistivity anomalies distributed along a crown ring (dashed white line).
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Physical methods in Archaeometry and Cultural Heritage: Multidisciplinarity (an example)
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BEYOND ARCHAEOLOGY

( AN ADVANCED APPROACH LINKING EAST TO WEST THROUGH SCIENCE
| ’ /r\ FIELD ARCHAEOLOGY
\k INTERACTIVE MUSEUM EXPERIENCFS

Tobiotsuka Burial Mound

Fig. 1. Location of the Tobiotsuka Burial Mound within Japan, in the Okayama
prefecture and picture of the entrance of the stone chamber with evidence of
the relevant vegetation over the mound.
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Physicists
Chemists
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Pedologists
Veterinarians

Archeological layers vs Surface

abueygp|o4z6o|

Fig. 3. Differential analysis of fungal OTUs whose abundance significantly differed at the ground level and the archaeological layers (P < 0.05). OTUs with a
Log2FoldChange >0 (on the left) were significantly more detected in the archaeological layers. The colours indicate the different fungal phyla (see legend). (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Journal of Archaeological Science 146 (2022) 105656




Physical methods in Archaeometry and Cultural Heritage: Multidisciplinarity (an example)

e A ey éonly some of t he resul tsé

AN ADVANCED APPROACH LINKING EAST TO WEST THROUGH SCIENCE
FIELD ARCHAEOLOGY
INTERACTIVE MUSEUM EXPERIENCFS

Nanatsuguro Urama_SE Urama_DE

Archaeologists

Conse rvato rS Fig. 1 The four blade fragments from Okayama Prefecture. A) Tobiotsuka fragment (unpublished; inv. no. i10); B)
. Nanatsuguro fragment (Kondo & Takai 1987, p. 52, fig. 32-16); C) Urama_SE fragment (Kondo & Niiro 1991, p. 60, fig. 23-

N M useo | Og |StS 7); D) Urama_DE fragment (Kondo & Niiro 1991, p. 61, fig. 24-42).

Tobiotsuka Burial Mound Li n g u iStS

Geologists

Biologists
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Fig. 1. Location of the Tobiotsuka Burial Mound within Japan, in the Okayama
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F. Cantini et al. (2025),

submitted to Archaeological and
Anthropological Sciences
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Physical methods in Archaeometry and Cultural Heritage: Multidisciplinarity (an example)

BEYOND ARCHAEOLOGY

AN ADVANCED APPROACH LINKING EAST TO WEST THROUGH SCIENCE
FIELD ARCHAEOLOGY
INTERACTIVE MUSEUM EXPERIENCFS

Tobiotsuka Burial Mound

Fig. 1. Location of the Tobiotsuka Burial Mound within Japan, in the Okayama
prefecture and picture of the entrance of the stone chamber with evidence of
the relevant vegetation over the mound.
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Urama_DE

Archaeologists

Conservators " p | mem

Museologists

Linguists

Geologists
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PhySICIStS me—
Chemists

Computer scientists
Pedologists
Veterinarians

F. Cantini et al. (2025),

submitted to Archaeological and
Anthropological Sciences

€0 mm

Fig. 10 Urama_DE fragment. A) Re-oriented frontal view of Neutron Tomography data. B) Neutron tomography cross
sections showing the profile of the arrow at different heights. C) Enhanced slices depicting the former metal section of the
arrow: mineralization phases (vellow); identified traces of metal remains (blue); reconstruction hypothesis (white). D)
Graphical representation of the arrowhead shape based on interpretation of Neutron Tomography data. The same colour
scheme used in C) is also used in this section; the dashed red line higlﬂjghts the proﬁle of the triangular area at the base of
the right barb.
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Physical methods in Archaeometry and Cultural Heritage: Multidisciplinarity (an example)

BEYOND ARCHAEOLOGY
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Fig. 1. Location of the Tobiotsuka Burial Mound within Japan, in the Okayama
prefecture and picture of the entrance of the stone chamber with evidence of
the relevant vegetation over the mound.
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Physical methods in Archaeometry and Cultural Heritage

INFN

sl e s e https://chnet.infn.it/en/home-3/

About

INFN-CHNet (Cultural Heritage Network) is the competence network dedicated to Cultural Heritage within Istituto Nazionale di Fisica Nucleare (INFN). It is a research
infrastructure distributed all over Italy.

INFN-CHNet was founded to put together and enhance the different competences of INFN laboratories about the
development and the applications of analytical techniques aimed at the study and the diagnostics applied to
materials in the Cultural Heritage framework.

INFN-CHNet is present in most of the INFN sites, also in connection with local Universities. Scientific analyses on Cultural Heritage can allow us to collect important knowledge on artworks:
The network is monitored by CNTT (Comitato Nazionale di Trasferimento Tecnologico), the * to support in defining the best approach for restoration;
technology transfer commitee of INFN. The LABEC laboratory, INFN unit of Florence, is the reference

ra— * to study materials and artists’ techniques;

INFN-CHNet is working in both national and international contexts as a reference actor which is

* to perform provenance studies (so that we can reconstruct e.g. ancient supply sources);
capable to aggregate the multidisciplinary community of researchers and restorers involved in the

study and the diagnostics of Cultural Heritage. Since many years, INFN has applied the most * to date artworks and/or archaeological sites and events;
advanced technologies and has also developed new techniques and devices to solve the questions of
archaeologists, historians, restorers and curators. * to support authenticity studies.
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sl e s e https://chnet.infn.it/en/home-3/

About

INFN-CHNet (Cultural Heritage Network) is the competence network dedicated to Cultural Heritage within Istituto Nazionale di Fisica Nucleare (INFN). It is a research
infrastructure distributed all over Italy.

./@\ Level 1 nodes I/_,\ Level 2 nodes
\ / INFN sites (Units and/or National Laboratories and/or Centres) — INFN employees \ﬂ / Universities, restoration centres, associations and other subjects not directly related to
—./ and assodates — INFN equipments / INFN but that work together with CHNet on common projects about research,

education and technology transfer, thanks to specific conventions

Sezione di Bari — Sezione di Bologna — CNAF — Sezione di Catania — Sezione di

Firenze — Sezione di Ferrara — Laboratori Nazionali di Frascati — Laboratori Nazionali Opificio delle Pietre Dure ~|CCR La Venaria Rﬂalel»]sﬁhlto Centrale per il Restauro
del Gran Sasso — Laboratori Nazionali di Legnaro — Sezione di Milano Bicocca— — Universita di Salerno — Universita di Sassari — Universita di Venezia Ca’ Foscari —
SezjonediNapu]i—SezionediPavia—SeziﬂnediRomaS—'ﬂI‘PAlSezionediTcrinoI Associazione Italiana di Archeometria (AIAr)
I/,.\\ Level 3 nodes
T

\"’/) International institutes (Universities and research centres) that work with CHNet as the level 2 nodes

TAREA, IIPC Institudo de Investigaciones sobre el Patrimonio Cultural, Universidad Nacional de San Martin, Buenos Aires, Argentina — NYUAD, New York University Abu Dhabi, Emirati Arabi Uniti
— SESAME, Giordania
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Physical methods in Archaeometry and Cultural Heritage: the importance to collaborate with local institutions
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F. Bonaudii E. Chiavassa - XXXIII International School on Particle Detectors




Physical methods in Archaeometry and Cultural Heritage: the importance to collaborate with local institutions

*
WOODENSCULPTURES

*
TEXTILES, TAPESTRIES, LEATHER
AND CARPETS

*
ENVIRONMENTAL MONITORING

§
sa
Qe

https://www.centrorestaurovenaria.it/eng/
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Detectors and Cultural Heritage

It is rare that detectors are designed specifically for Cultural Heritage

Most instruments/detectors are developed for the material science, industrial and medical sectors or for medium
and large scale facility lines and adapted to the use in the field of Cultural Heritage
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Assembled set-up using commercial Detectors developed for general
detectors and instruments purpose beam lines

Information on:

. . . . . - preservation state of artworks
Materials in Cultural Heritage are mainly analysed using - manufacturing techniques
the same techniques used in advanced material science - employed materials

- provenance of raw materials
- authentication é

F. Bonaudii E. Chiavassa - XXXIII International School on Particle Detectors 16/50




Detectors and Cultural Heritage

RER apph‘ed Appl. 5ci. 2021, 11, 3462. https:/ /doi.org/10.3390/app11083462

b sciences

Review

Detectors and Cultural Heritage: The INFN-CHNet Experience

Lorenzo Giuntini 1-2*(, Lisa Castelli 1*, Mirko Massi 1**{©), Mariaelena Fedi ', Caroline Czelusniak !, Nicla Gelli !,
Lucia Liccioli 7, Francesca Giambi 1%, Chiara Ruberto "2, Anna Mazzinghi 1200, Serena Barone -2,

Francesca Marchegiani 3, Stefano Nisi 3, Carmine Lubritto 4, Simona Altieri 4, Luca Tortora 5°

Paolo Branchini 309, Andrea Fabbri %, Valerio Graziani 50, Sergio Barcellos Lins >, Laura Guidorzi
Alessandro Lo Giudice 78, Alessandro Re 7%, Leandro Sottili 7%, Antonella Balerna °, Mariangela Cestelli Guidi °,
Lucilla Pronti °0, Martina Romani ?(”, Fauzia Albertin 101112 Matteo Bettuzzi 1112, Rosa Brancaccio /12,

Maria Pia Morigi 1L12{5 Daniele Alloni *14, Andrea Salvini >4, Barbara Smilgys 13,14 Mijchele Prata 1314,
Saverio Altieri '*(, Maurizio Bonesini 17, Daniela Di Martino 172, Massimiliano Clemenza 117,

Massimo Carpinelli 18 Pjernicola Oliva 1802, Valeria Sipala 18 Anna Maria Gueli 1?2, Stefania Pasquale 20
Giuseppe Stella 2%, Giancarlo Pepponi 21, Francesco Grazzi 1?2 and Francesco Taccetti

7,8

Abstract: Detectors are a key feature of the contemporary scientific approach to cultural heritage
(CH), both for diagnostics and conservation. INFN-CHNet is the network of the Italian National
Institute of Nuclear Physics that develops and applies new instrumentation for the study of CH. This
process results in both optimized traditional state-of-the-art and highly innovative detection setups
for spectrometric techniques. Examples of the former are gamma-rays, visible-light and
particles spectrometers tailored for CH applications, with optimized performances, reliability, weight,
transportability, cost, absorbed power, and complementarity with other techniques. Regarding the
latter, examples are ARDESIA, the array of detectors at the DA®NE-Light facility, the MAXRS detec-
tion setup at the Riken-RAL muon beamline and the imaging facilities at the LENA Laboratory. Paths
for next-generation instruments have been suggested, as in the case of the X-ray Superconductive
Detectors and X-ray Microcalorimeter Spectrometers, allowing astonishing improvement in energy
resolution. Many issues in CH can now be addressed thanks to scientific techniques exploiting the
existing detectors, while many others are still to be addressed and require the development of new
approaches and detectors.

Keywords: X-ray detectors; gamma-ray detectors; photon-counting detectors; particle detectors;
neutron detectors; detectors for mass spectrometry; detectors for cultural heritage
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Appendix A

Table Al Summary of techniques presented in the paper along with obtained information.

Detected

- -
Radiation Primary Radiation

Analytical Technique

Analysable Objects

Obtained Information and Pros

Limitations

Typical detector

lon beam (MeV)

Paintings, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

Qualitative/quantitative
elemental composition
Good sensitivity for light elements,
high sensitivity for heavy elements
Possibility of imaging

Mo info on cmupul,md:;
Mo info on organic materials
Z =11
Mot portable (normally), need
of large-scale facility

SDD
Si(Li)

X-ray beam (tube)

Conventional XRF

Paintings, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

Mainly qualitative
elemental composition
Excellent sensitivity for

heavy elements
Possibility of imaging
Portable

No info on compounds
No info on organic materials
Z>11
Low sensitivity for
light elements

X-ray beam
(synchrotron)

Synchrotron XRF

]"ainh'ngﬁ, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

Qualitative/ semi-quantitative
elemental composition Possibility
of imaging
Energy tunability and higher
brightness than conventional XRF

No info on compounds
No info on organic materials
Z =11
Low sensitivity for
light elements
Not portable, need of
large-scale facility

X-ray beam
(synchrotron)

Synchrotron XAS

I’:n'nh'ngs, mnnuscripts, metal
puint drawings, metal objects,
stones, metals, pottery, ...

Qualitative/semi-quantitative
element selective and local atomic
structure information Info on
chemical state

Not portable, need of
large—scale facility

X-ray bearmn

XRD

Pigments, stones, metal
objects, ...

Crystal structure
Portable instrumentation available

SDD

3D objects: panel paintings,
manuscripts, wooden statues,
pottery, bones, fossils, stones,

jewelry, metal works of art
(_lwr[.m?(' statues, coins, nails, ...

Sections and complete 3D imaging
of the object, from the outside
surface to the inner details
Portable instrumentation available
(energy and power limited)

Large and bulky
medium-high-Z materials (e.g.
large marble or metal statues)
require expensive high energy

X-ray sources, like 450kV X-ray

tubes or LINACs, and special
scanning procedures.

Flat-panels, photodiode
linear arrays, CCDs,
photon counting 2D

detectors, image
intensifiers.

Muon beam

Paintings, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

Qualitative and
quantitative elemental composition
Possibility of 3D imaging
Very limited (if any)
s;lmple achivation

MNo info on compounds
No info on organic materials
Z2>3
Not portable, need of
large-scale facility

HPGe
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Table Al. Cont.

Detected

Radiation Limitations

Primary Radiation Analytical Technique Analysable Objects Obtained Information and Pros Typical detector

No info on compounds
MNo info on organic materials
Not portable, need of
large-scale facility

Qualitative and quantitative
elemental and isotopic composition
Low Z elements
Possibility of imaging

Paintings, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

[on beam (MeV) PIGE HPGe, CdTe

Gamma
rays

Qualitative and quantitative
elemental composition
All the elements ( in particular
low-Z and high neutron capture
cross section: B, Cd, Sm and Gd)

Not portable, need of large
scale facility
Sample activation

Paintings, manuscripts, metal
point drawings, metal objects,
stones, metals, pottery, ...

Neutron beam

e . Shallower region of analy
[dentification of minerals, gem QWET TegIon « :

Electron beam

Gems, stones

authentication, provenance of gems
and stones
Fast, possibility of imaging

respect to [L
Not portable, samples in
vacuum

and lower sensitivity with ccD

(camera/spectrometer)

[on beam (MeV)

UV-VIS-IR
radiation

Gems, stones, ceramics

Characterisation of minerals and
ceramic productions, gem
authentication, provenance of gems
and stones, radiation damage for
pigments and varnish in
paintings, . ..

Possibility of imaging and
measurements in air

Not portable, need of
large-scale facility

CCD

(camera ,-'“::pcctmmctvr]

X-ray beam

Gems, stones

Characterisation of minerals,
saltwater pearl authentication
Partable, possibility of imaging and
measurement in air

Longer acquisition time

CCD
(camera/spectrometer)

VIS radiation

Light characterisation

Light sources

Characterization of light sources in
terms of illuminance, light intensity
and luminance

Portable

Interference of
environment light

Silicon photocell
Silicon photodiode array

Colour specification

Coloured surfaces

Colour specification, monitoring of
changes in the optical properties of
polychrome artworks
Portable

Large measurement area with a

diameter from 3 to 8 mm

RGB sensors
Silicon photodiode array
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Table A1. Cont.

Detected
Radiation

Primary Radiation

Analytical Technique

Analysable Objects

Obtained Information and Pros

Limitations

Typical detector

UWV-VIS-IR
radiation

MIR radiation

Macro FT-IR

Pigments, binders, varnishes,
degradation products and
synthetic materials due to

restoration treatments

Molecular characterization
Portable
Room temperature

Mo info on several oxides
and sulphides
Spot size: from 1.4 to 0.6 cm

DTGS

Single point micro
T-IR

Pigments, binders, varnishes,
degradation products and
synthetic materials due to

restoration treatments

Molecular characterization

Mo info on several oxides
and sulphides
Mot portable
Liquid nitrogen cooled

FT-IK mapping and
imaging

Pigments, binders, varnishes,
degradation products and
synthetic materials due to

"restoration treatments

Molecular characterization and
localization within the sample

Mo info on several oxides and
sulphides
For micro FT-IR mapping and
imaging, polished surfaces (i.e
resin-embedded samples)
are required
Mot portable and nitrogen
cooled in micro configuration

MCT (micro-mapping),
FPA (micro-imaging)
DTGS (macro-mapping)

Neutrons

Meutron 1‘!&:.;111'1

MNeutron diffraction

Metal artifacts, crystalline
systems in general

Alloy composition and its
microstructure, manufacturing
procedures, crystalline
mineralization phases
quantification and localization

Need of large scale facility
Sslmplu activation

Gas detectors (*He
detectors)

Neutron tomogra ]:.uh}-'

Metal artifacts, organic
materials buried in ceramics or
metals, fossilized bones in chalk

rock or in ferrous “red” beds

Morphological and microstructural
characterization of dense materials;

Difference between very similar
materials or isotopes

Meed of large-scale facility
Sample activation

Scintillators for imaging
(ZnS/LiF:Ag)
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