2023 LNL User Community Meeting

= Nov 16, 2023, 200PM — Nov 17,2023, 1:30 PM Europe/Rome
@ Sala Villi (Laboratori Nazionali di Legnaro)

Cultural heritage at LNL
Activities of INFN Torino Division at AN2000 accelerator

Alessandro LO GIUDICE

NIVERSITA
| TORINO Laura GUIDORZI, Alessandro RE, Marta MAGALINI

~ TORINO

INFN

N e Physics Department, University of Torino and INFN, Torino division

Istituto Nazionale di Fisica Nucleare
| ! ¢ K

http://www.solid.unito.it/research/culturalheritage/index.html
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Physics for Cultural Heritage: collaborations

Multidisciplinarity Physics for Cultural Heritage ... an important
impact on society

Collaboration with.... local (but not only) institutions

MLESUITE Restoration Center
M§ MUSEO 9 CENTRO
ArChaeometry & EGIZIO I . . I E;l\iz{\?{lﬁ?z; :J\ii
SIEGREEIE e El5 musco Musei Reali Torino
d’arte

orientale Superintendence

asian
art
museum

MUSEO DI ANTROPOLOGIA
ED ETNOGRAFIA

UNIVERSITA DI TORINO

Information on:

- conservation state of artworks

- manufacturing techniques

- materials used

- provenance of raw materials (carried out in Legnaro)
- authentication .........

Legnaro, 17/11/2023 2127



Physics for Cultural Heritage: an example of what physicists can do in CH

Use of techniques based on:
X-Rays (XRF, Radiography, Tomography)
Protons (PIXE, IBIL)
Neutrons (Tomography, Diffraction, PGAA)

Examples of Ancient Egypt objects

M§ MUSEO
EGIZIO g/ AR

X-RAYS

A. Lo Giudice et al, Archaeological and
PROTONS Anthropological SC|ences (2017) 9: 637-651

NEUTRONS

CCR La Venaria Reale TU Delft in Netherland

X-
Gl (neutrons)
, AGLAE in Paris

(protons)

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

L. Vigorelli et al, Journal of Archaeological
Science: Reports 44 (2022) 103518

g. 1 Neutron Tomography reconstruction of the cat bronze statuette C. 0887. On the left side of the figure the Paper urjder
submission...

D segmentation.

F1
3

Legnaro, 17/11/2023



Physics for Cultural Heritage: the importance to collaborate with institutions

=8 REGIONE

W W PIEMONTE

RESTAURO

RICERCA

Legnaro, 17/11/2023 4/27



Physics for Cultural Heritage (CH) : the importance to collaborate with institutions

MURAL PAINTINGS, STONEWORK
AND ARCHITECTURAL SURFACES

WOODEN ARTEFACTS CONTEMPORARY ART PAPER ITEMS AND PHOTOGRAPHS

PAINTINGS ON CANVAS METAL, CERAMIC AND GLASS WOODEN SCULPTURES

Cultural Heritage: applied physics
who can produce excellent spin-offs
and visibility with institutions!

TEXTILES, TAPESTRIES, LEATHER
AND CARPETS

DIAGNOSTICS cT ENVIRONMENTAL MONITORING PIGMENTS DATABASE

Progetto neu_ART (2010-2013), finanziato da:

Centro Conservazione e Restauro

§§ |La Venaria Reale

DI DI TORINO

.mhﬂdl‘ :l |

.| Part of the instrumentation was
—u| developed in the framework of
the CMS experiment and
readapted for this project !
IMPORTANCE OF
FUNDAMENTAL RESEARCH !

October 2017

| crmae

« On the occasion of G7 Science a prbject for a new apparatus for digital
radiographs and computerized tomography for cultural heritage

Legnaro, 17/11/2023
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lon Beam Analysis for archaeological materials in Legnaro (AN)

AN2000

e @ Experiment: ALCHIMIA

it | Spokeperson: Dr. Laura GUIDORZI

Alessandro LO GIUDICE,
Alessandro RE, Marta MAGALINI

In Vacuum
Line: 0°
Microbeam
(beam diameter around 5-6 um)
Energy: 2 MeV
Current < 0.5 nA
Analysis: mainly p-PIXE, p-IBIL

| In average, about 10 days/year
b 24h/24h (more than 100 hours for a 5 days run)

Legnaro, 17/11/2023 6/27



lon Beam Analysis for archaeological materials in Legnaro (AN)

Ancient Roman and pre-Roman Coins

Question: study of surface silver-enriched layer, corrosion layer,
trace elements and contaminants

Period: 3" to 2"d century
BCE

Main study by means of
neutrons (not invasive)

concentration (wt%)

In few cases cross
sections were prepared

Ag Ka ® ClAg = ClCu

U-PIXE analysis in
vacuum chamber

T a0 e 80 1000
position in the profile (um)

Figure 6. p-PIXE results of a profile of the same Victoriatus shown in Figure 3
and Figure 5; a) optical microscopy section showing the analysed areas
(each yellow square is about 40x40 umz); b) concentration profiles of the

main elements (Ag and Cu); c) ratio of peak areas Au/Ag and Au/Cu; d) ratio
of peak areas Cl/Ag and CI/Cu.

Figure 3. Obverse and reverse images of one of the investigated victoriatus
JC1 (RRC: 166)

Laboratori Nazionali di Legnaro

Ancient Greek ceramics

Question: provenance study of red-figured pottery shards of
Southern Italy (distinguish Attic, Calabrian and Sicilian
production)

e LOCAL
@ SICILIAN
@ ATTIC

Italian

Period: 6t to 4t century
BCE

Study on micro-sample
cross sections (body and

slip)

PC2 (16.4%)

H-PIXE analysis in
vacuum chamber

0 2
PC1 (30.9%)

Legnaro, 17/11/2023
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The main topic of our research in Legnaro: Provenance study of Lapis Lazuli

Raw

Legnaro, 17/11/2023 8/27



Provenance study of Lapis Lazuli

BLUE COLOUR: LAZURITE

(Na, Ca); 55 (Si, Al)1; (O, S)p4 (SO, , Cl)y 35 GOLD COLOUR

PYRITE
FeS,
DIOPSIDE WOLLASTONITE K-FELDSPAR CALCITE

CaMg(SiO,), CaSio, KAISi;O4 CaCo,

WHITE COLOUR

Lapis lazuli is a rock.... more than 30 mineralogical phases in lapis lazuli rocks have been reported so far in literature...

Legnaro, 17/11/2023 9/27



Lapis Lazuli in ancient and recent time

! First documented site where lapis lazuli was used
i (Mehrgarh, VII millennium BCE)

T
Armenia%, -Azerbaijan-aBek3

Turkmenistan

Ashgabat

fegnzed Afghanistan

Iraq

St. Isaac’s Cathedral in St. Peterburg, Russia

“Tutankhamun's pectoral® r artworks come from? XIX century CE

(Around 1300 BCE)
Egyptian Museum, Cairo, Egypt

Ebih Il, found in Mari, Syria
(about 2400 BCE), Louvre Museum, Paris

Lapis lazuli beads from Ur Museo degli Argenti, Firenze
(around 2600 BCE) (3" milleniuim BCE), XVI century CE
The British Museum, London (UK) The British Museum, London (UK)

Legnaro, 17/11/2023 10/27



Provenance study of Lapis Lazuli

Due to compositionaland ~ Where did the raw material used for artworks come from?

isotopic variability in samples need for a lot of beam time
from the same area, need for at micro-IBA facilities... a

high statistics & ’ long work....

Comparison between chemical-physical properties of the raw material and artworks
(mainly, differences in chemical composition, both minor and trace elements, and isotope ratios)

Rock
Data Base

Afghanistan
Tajikistan
Myanmar

Siberia

Each pointis a p-
PIXE

Lapis lazuli \

Museo Archaeologico di Firenze

Guidorzi et al.
NIM B (2023) 45-50

measurement
that need more
than 1 hour!

4

" PC1 (39.9%)

Legnaro, 17/11/2023 11/27



Lapis Lazuli provencance: an interdisciplinary collaboration £
886%
%

<

Istituto Nazionale di Fisica Nucleare

UNIVERSITA

.
D

UNIVERSITA UNIVERSITA (
DEGLI STUDI DEGLI STUDI ‘!!’
FIRENZE DI PADOVA A/ W!ﬁgvgm%!,u

MUSEO )66

U

OKAYAMA
UNIVERSITY

CENTRO

NVERSTA EGIZIO EMRSN 338 ..

The aim

To find one (or more) NOT INVASIVE way to
distinguish among provenances of lapis lazuli raw
material used for artworks and archaeological finds

to reconstruct old trade routes
to improve the knowledge about the story of lapis lazuli employment

o
Egyptian Museum of Florence

Egyptian Museum of Florence

Legnaro, 17/11/2023 12/27



Lapis Lazuli provencance: an interdisciplinary collaboration £
Se

Qfo %

A long and patient work

4 PhD (Physics, Earth Science, Material Science, Technologies for Cultural Heritage);
15 Master Degree (4 Physics, 9 Material Science, 1 Archaeology);
5 Bachelor Degree (1Physics, 4 Material Science)

In 2022-2023 we presented (oral presentation) the work on lapis lazuli in 3 international conference/workshop:

IAEA Workshop on Innovative Approaches of Accelerator Science and Technology for Sustainable Heritage Management, 13/16
June 2022, Wien (Austria)

ICNMTA 2022 - 18th International Conference on Nuclear Microprobe Technology and Applications, 11- 6 September 2022, Ljubljana
(Slovenia)

TECHNART 2023 - International conference on analytical techniques in art and cultural heritage, 7-12 May 2023, Lisbon (Portugal)

We published 15 papers on ISI/SCOPUS journals (306 citations, the most cited 41 citations)
For the end of 2024 we think to reach a number of about 20

http://www.solid.unito.it/research/culturalheritage/index.html

Legnaro, 17/11/2023 13/27
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Lapis Lazuli provencance: an interdisciplinary collaboration £
Se

Last 2 publications (2023) 705

Eur. Phys. J.Plus  (2023) 138:175 THE EUROPEAN
https://doi.org/10.1 140/epjp/s13360-023-03768-x PHYSICAL JOURNAL PLUS

"j r

Regular Article

Micro-PIXE and micro-IBIL characterization of lapis lazuli samples
from Myanmar mines and implications for provenance study

Laura Guidorzi'?, Alessandro Re'~*(5, Marta Magalini'~, Debora Angelici’, Alessandro Borghi®, Gloria Vaggelli*,
Fulvio Fantinu”._‘ir’alentinu Rigalu':".. Leonardo La Torre”, Quentin Lemasson’*, Claire Pacheco’*, Laurent Pichon’®,
Brice Moignard”-®, Alessandro Lo Giudice'~

I INFN Sezione di Torino, Via Pietro Giuria 1, Torino, Italy

. Dipartimento di Fisica, Universita di Torino, Via Pietro Giuria 1, Torino, Italy
3 Dipartimento di Scienze della Terra, Universita di Torino, Via Valperga Caluso, 35, Torino, Italy R A Contents lists available at ScienceDirect
* CNR - Isitituto di Geoscienze e Georisorse, Via Valperga Caluso, 35, Torino, Italy ik >
5 Turin Thermoluminescence Analysis, Via Felice Cavallotti 33, Cuneo, lialy ) Selatie ! Nuclear Inst. and Methods in Ph}rsics RESEEICh_, B
® INFN Laboratori Nazionali di Legnaro, Viale dell’ Universita 2, Legnaro, Padova, Italy g e ,";' .

7 Centre de Recherche et de Restauration des Musées de France, C2RMF, 14 quai Frangois Mitterrand, Par - =
¥ Fédération de Recherche FR3506 New AGLAE. 14 quai Frangois Mitterrand, Paris, France

journal homepage: www.alsavie

Received: 2 November 2022 / Accepted: | February 2023
© The Author(s) 2023 Application of principal component analysis to p-PIXE data in lapis lazuli

provenance studies

Laura Guidorzi ™ , Alessandro Re ™ , Marta Magalini ", Alessandro Lo Giudice™"

" INFN - Seztone di Torimo, Via Plero Glurda 1, 10125 Towrino, Maly
b Dipartimenta di Fisica, Universitn degli Stodi Jf Toréno, Via Pistro Giura 1, 107125 Toring, feomly
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The most suitable technique we have found: lon Beam Analysis

Comparison between chemical-physical
properties of the raw material and artworks

(mainly, differences in chemical composition,
both minor and trace, and isotope ratios)

All the markers we have found are observable in a

NOT INVASIVE way by means of in air micro-IBA

M-PIXE: Particle Induced X-ray Emission
M-IBIL: lonoLuminescence

Museo Archaeologico
di Firenze

Environment In air (helium flux)
Proton Energy 3 MeV

Current ~ 500 pA

Beam dimension 30 - 40 uym

Scanning Area 3 x 3 mm?

OUR STRATEGY FOR MARKERS Dt 4 vt s ¢ A T I
IN LAPIS LAZULI ut... to speed up the analysis on reference rocks and when sma
archaeological production waste fragments of lapis lazuli are studied,
- Presence or absence of a mineralogical phase also in vacuum IBA can be used
- Trace elements inside a mineralogical phase

- Luminescence properties of a mineralogical phase Environment I B

Proton Energy 2 MeV

WOLLASTONITE Current ~ 200 pA
CaSi0;  ~aLcITE Beam dimension  5-6 ym
CaCO B : )
PYRITE 3 LN . B Scanning Area 2X2mm
i Fes, DIOPSIDE _ -
GOLD COLOUR CaMg(SiOy), 1! WHITE C%&ﬁ 4 Need for high statistics » large amount of IBA measurements

Legnaro, 17/11/2023 15/27



The most suitable technique we have found: lon Beam Analysis

We have tried other techniques, but they have (for now) limitations.

U-XRF (X-Ray Fluorescence) p-XRL (X-Ray Luminescence) and p-XRF

I Development of
p-XRF/XRL apparatus

Sections
Afghanistan

| Chile

500 600 700 800
Wavelength (nm)

Figure 5. Trace element contents in pyrite (expressed in ppm).

D. Angelici et al. A. Re et al.
Microscopy and Microanalysis 21 (2015) 526-533 European Physical Journal Plus (2018) 133: 362

SEM-WDS (not for objects)

= SEM-WDX
* PIXE-LNL
4 PIXE-AGLAE|

Paper under submission...

Legnaro, 17/11/2023
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A worldwide research.... amazing objects

It is the most extensive work in the world on this topic and we are
highly rated in the archaeological community.

UNIVERSITA

DE( UDI
DI PADOVA

Prof. M. Vidale

\

Makhachkala \//\_/\
N
s g Mavxafkana \ Shymkent o
“odoy (1Y <IN LWbIMKeHT ~ "Bijg|

8. v
4% 7 % s i«\ S b .
e 9 a@ q 5 , Ca / N\ J(J \1? Uzbekistan
. »rsl.‘ Istanbul % o i any / N S
Ankara ‘&rj‘neniaz Azerbaijan @Baku \
k 2 PN \
lzmir Turkey S} o 74 % Turkmenistan
f ) b Ashgabat

Anitalya Adana : o Tepe Hissar N
adl e A (Il millennium BCE)
v e J

Bursa

UNIVERSITY OF WISCONSIN-MADISON

@)WISCONSIN

\

Cyprus ; Syria ? ¢ & g B : j
. b : / 5 5 ( 1 b > /\‘A‘ g )
i P Shahr-i Sokhtanistan ot Ul Prof. J.M. Kenoyer
ut Ja . A ,\ . : 5 o :
oD w, NS (Il millennium BCE) ; ‘ i & Dr. R. Law
ﬁfﬂg’)‘ll‘ JL‘I’US.’J|QI““G Jordan—" . \/ Iran { -

f

A/
Cairo |sra¢l
o,mlall {
@ /

Kerman Region i F - Chand@R

P Ur Cemeter nan b _ 7s.
y (-1l millennium BCE) | Pakistan

2

(11l millennium BCE) ,
AnC|ent E t - o f New Delhi y7 I/‘«:‘ I_I :
(mainly.|-J| millen iR BCE) IETVEe e I[ College of Liberal Arts

,. s O 1o -+~ (-1l millennium BCE) L
Sl el i L T s \ Prof. K.D. Williams
Saudi Arabia '\ Ugi:xe.?aszx @ 7 B ot ’
s L B Mecca Oman e
MUSEO ¢ o (11l millennium BCE)
EGIZI10

HARY
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A worldwide research.... amazing objects

Raccolta’74 - 333

EWK-EWP-186 EWK-EWP-187
EWK-5-324 EWK-5-325

Star on a disc in lapis lazuli Oval bowl in lapis lazuli Small case in lapis lazuli

signed "F.M. 1600" mounted in metal
Catalogue number: 13148 Catalogue number: 13682 Catalogue number: 13684 EWK-EWP-180
Dimensions (cm): 4.5 x 4.5 x 2 Dimensions (cm): 22 x 11 x5 Dimensions (cm): 7 x 4.5 x 3.5 EWK-EWP-205 EWK-EWP-178 EWK-EWP-181

Small vase with cover and Catalogue Number: 64

ase with v : Catlogue Number: 17 Small production waste fragments from Unesco
golden metal hinge \ Statue head: Hathor Goddess Amulet: Maat G?ddess

imansons Gy 4 4x 3 omens | 8 pmeson -3 e ot e (e s site of Shahr-i Sokhta (11l millennium BCE)
L ) B ”) ‘
A.Re et al. T~ o o Tostan Expedition 16281 2
Nuclear Instruments and -

Methods in Physics

Research B 348 (2015)
278-284

A. Lo Giudice et al,

Archaeological and ,
Anthropological Sciences Acquisition: Egypt, unknovn
(2017) 9: 637-651

Paper under submission...

Legnaro, 17/11/2023 18/27



IN AIR FACILITIES: used mainly for artistic and archaelogical objects

INEN-LABEC (19 days):

University of Surrey RBI _ .
(Guildford, UK) (Zagreb, Croatia) AGLAE Acc_ess: INFN projects with INFN-LABEC
4% 3% (Paris, France) Pel‘IOdZ 2007 . 2012
21% Spokeperson: Alessandro Lo Giudice
Measurements in the years: 2007, 2009, 2011-2012
Materials: Medicean collection (Florence), Ancient Egypt objects

(Florence)

INFN-LABEC \[IAXCI WA\ =N ¢4 Ke A/} DF FRAVC

| , Ital : : . ’
Padua (Italy) (Fore:;:s al) Access: European programs (Charisma, Iperion CH, Iperion HS)

o0% Period: 2012 — 2023

Spokepersons: Alessandro Re, Laura Guidorzi

Measurements in the years: 2012 - 2013, 2019 - 2023

Materials: King Carlo Alberto collection (Torino), Ancient Egypt objects
(Florence), Il — Il millennium BCE archaeological material from sites
in Oman, Mesopotamia, Iran, Indus Valley

- - - 73 T ]
ot g . g
» [T N N : i
2 )} g P (A
g 2] N & R e - 5
o ~ Integrated 'm for the Europear % A Integrating Platforms for the European
‘, - Research Ir icture ON Cultural 14 oS N esearch Infrastructure ON Heritage
{ Heritage [ ) cience
A S | o P

INFN-Legnaro \
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https://www.euronews.com/next/2013/11/04/art-detectives-team-up

IN VACUUM FACILITIES: used mainly for rocks and archaelogical small working flakes

Research started in 2007

University of Surrey RBI
(Guildford, UK) (Zagreb, Croatia) AGLAE
4% 3% (Paris, France)
21%

INFN-LABEC
(Florence, Italy)
12%

INFN-Legnaro

Padua (Italy)
60%

INEN-LEGNARO (96 days):

Access: call for users

Period: 2007 — 2023

Spokepersons: A. Lo Giudice, A. Re, L. Guidorzi
Measurements in the years: 2009-2023
Materials: Rocks; small production waste fragments from Il — Il
millennium BCE archaeological sites (Iran and Indus Valley)

University of Surrey (6 days):

Access: European programs (RADIATE) SURRE

Period: 2023

Spokeperson: Marta Magalini

Measurements in the years: 28" March — 5" April 2023

Materials: Rocks; small production waste fragments from Il — Il

millennium BCE archaeological sites (Iran and Indus Valley)

Ruder Boskovic Institute (5 days): gy [t
Ruder
Access: European programs (CERIC) m Boskovic

Period: 2023

Spokeperson: Marta Magalini

Measurements in the years: 23 — 27t October 2023

Materials: Rocks; small production waste fragments from Il — Il
millennium BCE archaeological sites (Iran and Indus Valley)

Legnaro, 17/11/2023
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Some Results (all the database on referenced rocks was obtained at AN)

Catalogue Number: 64
Statue head: Hathor Goddess
Dis 3omx2.3em

Acquisition: Egypt, Franco-
Tuscan Expedition 1828-1820

Catalogue Number: 1275
Amulet: scarab

Dimension: ~2.1 cm X 1.5 cm
Period: Late (VII-IV century
50

Acquisition: Grand-Ducal
Collections

Catalogue Number: 1361

Catalogue Number: 1600
Amulet: wijat Eye
Dimension: ~ 4,7 cmx 5,6 em

Period: 3 Intermedite - Late
(X-IV century BC)
Acquisition: Egypt, unknown

Catalogue Number: 1644
Amulet: wdjat eve
Semx18em

Acqui Egypt, Franco-
Tuscan Expedition 1828-1820

A. Lo Giudice et al,
Archaeological and
Anthropological Sciences
(2017) 9: 637-651

Legnaro, 17/11/2023

Compatibility with
an Afghan
provenance

Trace elements in pyrite

R R e o e S|

Afghanistan
«  Tajikistan
Egyptian artefacts

e e w

800 1000 1200 1400
Ni (ppm)

PC2 (19.9%)

Trace elements in diopside - PCA

Archaelogical
material

TAJ

SIB

MYA
Sar-e-Sang

1 2 5

PC1 (35.7%)




Problem with PIXE detector in Legnaro (AN).

Strong reduction in PIXE detector performance over time...(despite the great efforts made in 2023 by the Legnaro
researchers linked to AN2000 activities to try to recover the actual detector/electronics)

—— OMDAQ 02_2018
—02_2018 pile-up rejection

~ INL
Istituto Nazionale di Fisica Nucleare
Laborateri Nazionali di Legnaro

o
—_
|

,

SIS336 D1

Normalized

4
©
()
o
O

@)
O

-—

O
(O}

N

©
=
—
O

Z

‘.

— OMDAQ O7_ 2023
M“I 07_2023 pile-up rejection
1 T

| I
il i
il h' | ]Iun ‘ 1||| I Mllh . e ——
8 10 12 14 16 8 4 6 8 10
Energy (keV) E(keV)

In 2018: pile-up rejection works! In 2023: pile-up rejection doesn’t work!
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Problem with PIXE detector in Legnaro (AN).

SIS-336 D1 |—— LNL 07_2023
—— LNL 02_2018

LNL 2023: resolution at 5.9
keV line (Mn) is 273 eV

2023
2018

LNL 2018:
resolution at 5.9
keV line (Mn) is

Legnaro, 17/11/2023

|
|1§o?vl | (A | “ I |

246Ié10 12 14 16 18
Energy (keV)

Energy resolution is very bad!

In 2023 energy resolution @5.9
keV is 273 eV

In 2018: energy resolution @5.9

keV was 180 eV

(sufficient for our research, but in any case
not so good. SDD detectors used in other
facilities for PIXE measurements have a

resolution of 130 eV — 140 eV)

Last 2 runs
Part of the data acquired in December

2022 are unusable

All the data acquired in July 2023 are
unusable




] Detector resolution at 5.9 keV line is 126.6 eV

—— SIS230 NewAGLAE ¢
S1S230 LNL | - & gﬂ'ﬁﬁﬁ%

2023 situation

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

CENTRE DF 7 :
o — Similar good results in Zagreb

ﬁ“”;‘i“‘ e = Run was carried out 2 weeks ago
TR : — (work in progress)
In air LD = - =% my sttt
AGLAE 2023: resolution at N /A DR
5.9 keV line (Mn) is 140 eV! AN fu'h )
! | ! | ! | ! | ' |

2 4 6 8 10

-~
O
o
O
0

@)
O

-

O
QO

N

©
=
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N A My thoughts in the form of
Energy (keV) LA\ *  cultural heritage
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o 1 '/ 3L = —

'UNIVERSITY OFF

L ...to attract new users in

_ '%‘.}El, this field at LNL and to

=St B2 obtain better results, we
- () would suggest ...

....to add a SDD Detector
for 0° line @ AN2000
as in Surrey, Paris and

PIXE DETE
N 7/,

ACH495

Institut
Ruder
Boskovié

Vacuum side
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Georgina Hermann, Guy Clutterbuck, Sebastiano Soldi,
Egle Micheletto, Matilde Borla, Christian Greco, Marco
Rossani, Giulia Gregori, Massimo Vidale, Dennys Frenez,
Claire Pacheco, Thomas Calligaro, Quentin Lemasson,

Laurent Pichon, Brice Moignard, Yvan Coquinot, Antonella
Scherillo, Francesco Grazzi, Toshio Nozaka

Bachelor Degree: C. Avataneo, A. Drigo, F. Gallazzi, C. Gamarra, A. Giordano,

A. Rubiola,,
Master Degree: M. Albonico, D. Angelici, D. Audano, A. Biondi, F. Chiarelli, E.
Conz, L. Es Sebar, G. Gariani, A. Impallaria, M. Magalini, L. Martina, E.

Maupas, S. Molinengo, M. Zangirolami
PhD: Alessandro Re, Debora Angelici, Laura Guidorzi and

Marta Magalini (3° year)

- http://www.solid.unito.it/research/culturalheritage/index.html
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