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Welcome 

It is our great pleasure to welcome you to the MA-XRF workshop, held in Paris from September 
29 to October 2, 2026. 

This workshop brings together researchers working with Macro X-Ray Fluorescence (MA-XRF) 
and complementary imaging techniques for the study of cultural and natural heritage. These include 
Reflectance Imaging Spectroscopy (RIS), Luminescence Imaging Spectroscopy (LIS), X-Ray 
Diffraction Mapping (XRD), Confocal X-Ray Fluorescence (CXRF), and other emerging 
approaches. 

The workshop will highlight recent advances in instrumentation, data processing and evaluation 
methods, as well as their application to a wide range of case studies. Particular attention will be 
given to the integration of MA-XRF with complementary techniques within multimodal analytical 
approaches, and to the opportunities and challenges arising from the combination of different 
imaging modalities. 

The morning of Friday, October 2, will be dedicated to issues of particular relevance to museum 
curators, with a focus on the use and interpretation of imaging techniques in the context of 
collections and heritage research. 

We are delighted to host this edition in Paris, at the National Museum of Natural History and the 
École du Louvre, two institutions deeply committed to the study and preservation of cultural and 
natural heritage. We hope that this workshop will provide a stimulating opportunity to share recent 
results, exchange ideas and strengthen collaborations within our community. 

We wish you all a very fruitful and enjoyable workshop!
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Local Organisation Committee 

Oulfa Belhadj, CRC, Paris, France 
Lucile Brunel-Duverger, C2RMF, Paris, France 
Thomas Calligaro, C2RMF/Lab-BC, Paris, France 
Marie-Angélique Languille, CRC, Paris, France 
Anne Michelin, CRC, Paris, France 
Laurent Pichon, C2RMF/Lab-BC, Paris, France 
Marie Radepont, CRC, Paris, France 
Ina Reiche, Lab-BC/C2RMF, Paris, France 
Laurence de Viguerie, LAMS, Paris, France 

 International Scientific Committee 

Matthias Alfeld, Delft University of Technology, Netherlands 
Anikó Bezur, Yale University, USA 
Claudia Caliri, INFN-LNS & ISPC-CNR, Italy 
Thomas Calligaro, C2RMF, France 
Silvia Centeno, Metropolitan Museum of Art, USA 
John Delaney, National Gallery of Art Washington, USA 
Joris Dik, Delft University of Technology, Netherlands 
Francesca Gabrieli, Rijksmuseum, Netherlands 
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Karen Trentelman, Getty Conservation Institute, USA 
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Practical information 

Welcome of the participants 
Monday, September 28th between 4 pm and 7 pm at the Ecole Nationale de Chimie 
de Paris (Chimie ParisTech - PSL), in the 5th Arrondissement of Paris. 
A welcome drink will be offered. 

Ecole Nationale de Chimie de Paris 
11, rue Pierre et Marie Curie 
75005 PARIS  

Conference venues 
 The conference will be held from September 29th to October 1st at the National 
Museum of Natural History in the amphitheater Verniquet located in the Jardin des 
plantes in the 5th arrondissement of Paris. 

The October 2nd session will take place in the amphitheaters Michel-Ange and Goya at 
the Ecole du Louvre in the 1st arrondissement of Paris. 

Amphitheater Verniquet  
at Jardin des Plantes 
57 Rue Cuvier, 75005 PARIS 

Gala Dinner 
Thursday October 1st at the Musée d'Orsay Restaurant, in the 7th arrondissement of 
Paris. 
Pre-dinner drink 7:30 pm, meal 8 pm (vegan meal option).  
Please meet up with the museum tour group at 6 pm. 
Proposed visit of the Museum from 6 to 7 :30 pm with audio guide 

Musée d’Orsay 
Esplanade Valéry Giscard d'Estaing 
75007 Paris 

 Tours 
 Friday October 2nd afternoon : tours will be proposed to conference participants 

Access maps  
maxrf2026.sciencesconf.org 

Ecole du Louvre 
Palais du Louvre  
Porte Jaujard 
Place du Carrousel 
75001 Paris 
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MA-XRF 2026
Program - Poster sessions

Tuesday 29/09/2026 Wednesday 30/09/2026 Thursday 01/10/2026
Poster Session 1 Poster Session 3 Poster Session 5

10:30 Sponsors/Manufacturers Multimodal workflow Materials accross time
Olivero Celia - HORIBA: How MicroXRF 
analysis can support the production date 
estimation of painting through the study on an 
"Ougi-e" painting.

Daimellah Sofiane: Multimodal Self-
Supervised Learning for Cultural Heritage: 
Integrating XRF and Hyperspectral Imaging

Rochut Sophie: Contribution of portable 
XRF, XRD and Reflectance Imaging 
Spectroscopy to the study of pictorial 
materials in the manuscripts of La Grande 
Chartreuse (Grenoble, France)

Amandine Debloudts - IDIL: Fibered 
spectroscopy in heritage science

Eveno Myriam: Virtual simulation of the 
original appearance of oil paintings containing 
altered smalt

Alloteau Fanny: Scientific imaging analysis 
of an underlying painting: the case of a 17th-
century painting from the Church of Saint-
Nicolas in Bonneuil-les-Eaux

Marta Ghirardello - NIREOS: HERA: a 
novel Fourier-Transform based hyperspectral 
camera for Cultural Heritage diagnostics

Moreau Raphael: Statistical Analysis vs. 
Manual Interpretation in the Non-Invasive 
Study of 15th-Century Italian Tarot Cards

Ioanna Vasiliki Patakiouta: Spatial and 
Thickness Analysis of Gold Leaves in Post-
Byzantine Icons using MA-XRF

Nicolas Venjean - SPECTRAL 
EVOLUTION: Ultra-high Resolution 
Spectroradiometer for Heritage Science

Langagne Elise: Classifying medieval stained 
glass with portable XRF: a comparative 
approach

Lore Troalen: Non-invasive, multi-modal 
investigation of four Indian paintings from 
the Mughal period

Emmanuel Ancousture (BRUKER) Eckertz Nina: Creating a Multimodal Imaging 
Platform for Artworks

Pagnoux Loïc: From sampling to in situ 
methodology: complementary spectroscopies 
for painted metals characterisation

 Poster Session 2 Poster Session 4 Poster Session 6
Instrumental development Materials accross time Artist practice

15:30

Schmeltz Margaux:  Documenting material 
transformation in fossil systems through 
luminescence-based contrast (P1)

Gallo Giulia: Characterizing exogenous 
manganese in blue calcined archaeological 
bone: multi-analytical imaging approach

Bruckman De Renstrom Kinga: Two 
landscapes signed "Corot": a restoration 
supported by MA-XRF imaging

Alfeld Matthias: The Value of Inverse 
Compton X-Ray Sources for Cultural Heritage 
Analysis: First Results from Smart*Light

Mangani Simi Maria Emilia: Integrated 
pXRF and MA-XRF Analysis of Glazed Tiles 
from the Dome of the Rock (Jerusalem)

Vercruysse Lowie: Studio Rubens 
@KMSKA: Complete MA-XRF Imaging of a 
Monumental Altarpiece by Peter Paul Rubens

Fromager Julie: Hyperspectral imaging 
coupled with 3D recording as a tool for the 
preventive conservation of historic residences

Uhlir Katharina: The use of MA-XRF and 
multiband imaging for the investigation of the 
enamel plates of the Viennese Imperial Crown

Samaniego Jiménez Irene: The beauty of 
the little things: A Systematic Non-Invasive 
Multiband Imaging (MBI) Preliminary Study 
of Picasso's Early Academic Paintings

Gergios Kantas: Revealing hidden layers in 
Greek Orthodox religious icons

José Tapia: Beyond 2D: in situ investigation 
and 3D reconstruction of polychrome 
sculptures combining portable XRF with 
structured-light scanning, XRR, VIS/UV 
imaging and OM.

Hao Pengxiao: Zooming into Christoforos 
Savva's colors and brushstrokes: multi-modal 
non-invasive analysis of seven artworks from 
1957 to 1967

Eva Luna Ravan: Integrating 2D and 3D X-
ray Imaging Spectroscopy for non-invasive 
investigation of degradation in pictorial 
artworks

Stéphanie Courtier: Combining marked 
white and MA-XRF for gilded woodworks 
restoration
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MA-XRF 2026
Program

Special sessions 02/10
Français

09:40 Accueil
09:50 Introduction : Thomas Calligaro : MA-XRF, une nouvelle vision des œuvres
10:00 Maximilien Durand, Etienne Blondeau : Icônes, images, imagerie : étude et restauration de la collection 

d'icônes du Louvre au C2RMF

10:30 Alexandre Girard Muscagorry : L’apport de l’imagerie XRF à la recherche de provenance : l’exemple des 
inscriptions tridimensionnelles de Victor Schœlcher

11:00 Stéphane Loire, Alix Laveau : Les secrets révélés du Polichinelle Coupable  de Giambattista Tiepolo

11:20 Pause café
11:40 David Bourgarit, Ann-Solenn Le Hô, Dominique Robcis, Thomas Calligaro, Brice Vincent : La 

microanalyse XRF révèle la riche polychromie du Vishnu de Mebon Ouest, chef-d'œuvre monumental en 
bronze d'Angkor.

12:00  Florian Meunier, Marie Godet, Thomas Calligaro : La couverture du livre de Maastricht : une enquête 
scientifique sur un trésor du XIe siècle

12:20 Aurelie Tournié, Leila Sauvage : De la campagne de restauration à l’étude des matériaux : MA-XRF et 
imagerie par réflectance des pastels de Louis Pasteur

12:50 Charlotte Denoël : Voir au-delà de la couleur : ce que l’imagerie scientifique révèle du Beatus de Saint-
Sever

13:10 Table ronde
13:30 Pause déjeuner 

English
09:40 Welcome
09:50 Introduction : Thomas Calligaro : MA-XRF, a new vision of artworks

10:00 Maximilien Durand, Etienne Blondeau : Icons, images, imagery: study and restoration of the Louvre’s icon 
collection at C2RMF

10:30 Alexandre Girard Muscagorry : The contribution of XRF imaging to provenance research: the example of 
three-dimensional inscriptions by Victor Schœlcher

11:00 Stéphane Loire, Alix Laveau : Secrets revealed by the Polichinelle Coupable of Giambattista Tiepolo

11:20 Coffee break

11:40  David Bourgarit, Ann-Solenn Le Hô,Dominique Robcis, Thomas Calligaro, Brice Vincent : MA-XRF reveals 
the rich polychromy of the West Mebon Vishnu, the bronze monumental Angkorian masterpiece

12:00  Florian Meunier, Marie Godet, Thomas Calligaro  : Unveiling the Maastricht bookcover: a scientific 
investigation of an 11th-century treasure

12:20 Aurelie Tournié, Leila Sauvage : From restoration campaign to material investigation: MA-XRF and 
reflectance imaging of Louis Pasteur's Pastels

12:50 Charlotte Denoël : Seeing beyond color: what scientific imaging reveals about the Saint-Sever Beatus

13:10 Round table

13:30 Lunch break





Invited talks
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MA-XRF challenges and opportunities

Armando Solé ∗ 1

1 European Synchrotron Radiation Facility [Grenoble] – European Synchrotron Radiation Facility
(ESRF) – France

This presentation aims to introduce the workshop by providing an overview of some of the
challenges associated with the use of MA-XRF in the Cultural Heritage field, while taking into
account the historical context in which these challenges have emerged.
This temporal perspective is essential, as solutions and approaches that are being considered
today were not necessarily available or even conceivable in the past.

The topic is broad and encompasses not only XRF itself, but also access to instrumentation,
acquisition strategies, data analysis, and related aspects, reflecting the need for collaborative
and multidisciplinary approaches.
To foster discussion during the workshop, current approaches, as well as possible future direc-
tions, will be presented in an informative rather than prescriptive or dogmatic manner.

∗Speaker
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Biography Vicente Armando Solé Jover
European Synchrotron Radiation Facility - ESRF, Grenoble, France 

Armando Solé is Spanish, Scientist and Engineer with more than 25 years’ experience in 
synchrotron radiation-related science and instrumentation, and recognized expert in data analysis 
and management. Educated at the University of Valencia, Spain, he completed a PhD on Physics 
at Institute for Reference Materials and Measurements IRMM in Geel, Belgium. During his career, 
Armando authored numerous publications in the field of X-ray instrumentation as well as in the 
fields of X-ray microscopy, fluorescence, spectroscopy and imaging, making important 
contributions such as pioneering the synchronization of an in-motion undulator with a beamline 
monochromator, or the worldwide used PyMca code that has become a reference in the X-Ray 
fluorescence field. 

After three years working as beamline scientist at the EMBL outstation in Hamburg, Armando 
joined the ESRF in 1997 as beamline scientist and then scientist in charge of ID26, where he was 
involved in the commissioning of the very first version of the beamline. In 2000, he took up the 
role of Beamline Instrumentation Software Support Engineer, responsible for the data acquisition 
and diagnostic software of several ESRF beamlines. From 2010 to 2016, he worked as Scientific 
Software Engineer, responsible for the conception, development and implementation of 
algorithms for improving data collection, diagnostics and analysis at ESRF. He then headed the 
Data Analysis Unit (DAU) over a five-year period until 2021, when he moved to the Experiments 
Division Algorithms and Data Analysis Unit before taking up his role as Head of the 
Instrumentation Services and Development Division, on 1 April 2024. 
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Why we do what we do: science as a tool for
communication

Monica Ganio ∗ 1

1 The Getty Conservation Institute – United States

Scientific analysis in heritage conservation extends far beyond technical measurement. It
functions as a powerful language that connects scientists, conservators, curators, and the pub-
lic through evidence, and ultimately, understanding. Although scientific examination is often
viewed primarily as a means of generating data, identifying materials, or answering technical
questions, its greatest impact within museums may be its capacity to inform decision-making,
foster interdisciplinary collaboration, and create common frameworks for interpreting cultural
heritage objects and sites. X-ray fluorescence (XRF) mapping exemplifies this dual role. As
both a rigorous analytical technique and a communicative tool, it transforms material evidence
into knowledge that can be shared across disciplines, supporting conservation and curatorial
practice. By making material evidence visible and accessible, it enables museum professionals
to more easily exchange ideas, evaluate possibilities, and build consensus. In doing so, scientific
analysis helps establish and build trust, foster collaboration, and advance the stewardship, un-
derstanding, and interpretation of collections.
Through a series of projects drawn from museum practice, this presentation explores how XRF
contributes to museum practice at multiple levels, initiating and driving inquiry. From pigment
identification and material characterization to art historical investigation and conservation treat-
ment, XRF provides critical evidence that informs research, interpretation and decision-making.
Equally importantly, it creates opportunities for scientists, conservators, and curators to engage
with one another’s questions, perspectives, and objectives, transforming analytical results into
a shared basis for discussion and action. The presentation will explore how analytical results
sustain iterative collaborations, with scientific findings, conservation concerns, and curatorial
objectives informing one another. Finally, it will consider the role of science in communicating
with broader audiences, showing how analytical discoveries can be translated into compelling
narratives that deepen public understanding of artworks, their material histories, and the im-
portance of their preservation.
Together, these examples suggest that the most significant contribution of scientific analysis is
not simply the generation of data, but its capacity to create connections: between disciplines,
between evidence and decision-making, and between museums and the communities they serve.
Viewed in this way, XRF is more than a tool for studying objects; it is a means of fostering
dialogue, building trust, and advancing the shared mission of preservation, interpretation, and
public engagement.

∗Speaker

13



Biography Monica Ganio

Getty Conservation Institute - Science department, Los Angeles, CA, USA. 

Monica Ganio is a Scientist in the Technical Studies Research group at the Getty Conservation 
Institute, where she leads research on archaeological artefacts and materials. Her work focuses on 
questions of production technologies, provenance, and preservation spanning diverse materials 
(ancient glass, ceramics, polychromy, stone, and metals). Trained as an archaeological scientist, she 
holds a PhD in Geology from KU Leuven (Belgium), specializing in Roman glass, and has extensive 
experience integrating scientific data with archaeological and conservation questions.  

She is especially interested in the ways scientific inquiry can foster interdisciplinary collaboration and 
generate new perspectives on cultural heritage. Her current projects include the application of XRF 
and multivariate statistical analysis to archaeological glass in museum collections, expanding 
opportunities for non-invasive investigation of ancient glass production and technological change. She 
is also leading a technical study of a rare first-century BCE gold box-bezel ring with a garden scene 
exploring questions of manufacture, function, provenance, and the broader significance of this 
exceptional group of only fourteen known objects within ancient Mediterranean networks. 

Beyond her research, she actively develops opportunities for collaboration and mentorship across 
institutional and disciplinary boundaries. Through initiatives such as international study days on the 
Mensa Isiaca at the Museo Egizio in Turin, and the mentoring component she introduced at the latest 
edition of SR2A, she strives to bring together researchers, conservators, curators, practitioners, and 
emerging professionals, fostering communities that advance the study and stewardship of cultural 
heritage.  

Prior to joining the Getty Conservation Institute, she was an Andrew W. Mellon Postdoctoral Fellow 
at the Northwestern University-Art Institute of Chicago Center for Scientific Studies in the Arts, 
where she conducted technical studies on modern sculpture, Romano-Egyptian portraits, and 
archaeological and modern deeply colored glass.  
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Smart MA XRF Imaging of Paintings: From
Exhaustive Scans to Information Driven

Acquisition

Matthias Alfeld ∗ 1, Lúıs Manuel De Almeida Nieto 1, Milou De Lange 1,
Henry Chopp 2,3, Aggelos Katsaggelos 2,3

1 Delft University of Technology, Department of Material Science, Delft – Netherlands
2 Northwestern University, Electrical and Computer Engineering, Evanston, IL – United States

3 Northwestern University, Center for Scientific Studies in the Arts, Evanston, IL – United States

Although MA-XRF imaging has reached a high level of technical maturity and become a
standard tool for the investigation of historical paintings, acquisition and evaluation strategies
have changed remarkably little over the past decades. Conventional whiskbroom scanning ac-
quires data strictly pixel by pixel, often resulting in substantial redundancy, while hyperspectral
data cubes are typically evaluated on a per-pixel basis to generate elemental distribution maps.
In recent years, we have explored the use of machine learning to make MA-XRF scanning more
efficient. These efforts include the use of photographs, preliminary scans, and features emerg-
ing from sparsely sampled reconstructions to guide adaptive scan strategies. Such ”smart”
approaches can vary dwell times per pixel or define sparse, information-driven scan patterns
that reduce acquisition time and radiation dose without compromising interpretability. While
their feasibility has been demonstrated, the diversity of painting materials, stratigraphies, and
research questions has so far prevented the derivation of a universally applicable algorithm.

At the same time, MA-XRF is increasingly combined with complementary imaging techniques-
such as reflectance imaging spectroscopy and X-ray radiography-to gain a more comprehensive
understanding of paintings and their stratigraphy. This trend is reinforced by the fact that
modern instruments combine different modalities in a single measurement head. Also, multi-
purpose ”tabletop synchrotron sources”, such as the Inverse Compton Source Smart*Light at
the Eindhoven University of Technology allow for the construction of multimodal instruments,
combining XRF with radiography. However, in most cases these multimodal datasets are still
integrated only during post-processing, rather than informing acquisition itself.
In this talk, we summarize our previous work on adaptive MA-XRF scanning and present a
next step: using information from complementary imaging modalities to actively guide and
optimize MA-XRF acquisition strategies based on material, compositional, and structural cues.
We demonstrate how multimodal priors can be incorporated into smart scan design for historical
paintings, pointing toward a shift from redundant data collection to information-driven imaging
workflows.

∗Speaker
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Examining Hidden Compositions through
XRF Scans of the Reverse of Canvases: Two

Case Studies at the Courtauld

Silvia Rita Amato ∗ 1

1 Courtauld Institute of Art – United Kingdom

Visualisation and examination of a composition that has been reworked or painted over
can often represent a challenging task. X-radiography and scanning XRF of the front of a
painting may not provide sufficient technical evidence when complex paint stratigraphy and X-
ray-absorbing materials are present in the overlying paint layers. Through the discussion of two
recent case studies at the Courtauld – Nevermore, painted in 1897 by Paul Gauguin, a leading
Post-Impressionist known for his bold colour, flattened forms, and Symbolist imagery developed
during his Tahitian period, and Portrait of the Artist as the Painter Raphael, painted in 1921
by Percy Wyndham Lewis, a central figure in British Vorticism whose work combines geometric
abstraction with figuration – this paper aims to illustrate how a different approach, involving
scanning XRF of the reverse of a canvas, can help overcome some limitations associated with
traditional imaging methods and provide new technical evidence for fresh interpretations of the
genesis of an artist’s work.

∗Speaker
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From Naples to Sicily: shedding new light
on Caravaggio’s technical transition with

MA-XRF imaging

Michela Botticelli ∗† 1,2, Costanza Miliani 1, Eva Luna Ravan 1,2,
Francesco Paolo Romano 1,2, Claudia Caliri‡ 1,2

1 Istituto di Scienze del Patrimonio Culturale - Consiglio Nazionale delle Ricerche (ISPC-CNR) – Italy
2 Laboratori Nazionali del Sud - Istituto Nazionale di Fisica Nucleare (INFN-LNS) – Italy

Caravaggio’s final years were shaped by intense mobility and profound artistic change, as he
moved between Naples and Sicily from 1606 to 1610. This turbulent period gave rise to some of
his most powerful and innovative works. Yet, despite its significance, the artist’s late production
has not been extensively explored through systematic technical comparison across these loca-
tions. In this context, non-invasive analytical methods offer a valuable means of investigating
Caravaggio’s materials, working processes, and the ways in which shifting environments may
have influenced his practice.
This study sheds new light on this transitional phase through a comparative investigation of
selected paintings from Caravaggio’s Neapolitan and Sicilian periods, using macro X-ray fluores-
cence (MA-XRF) imaging spectroscopy. Four key works from this late periods were examined:
The Seven Works of Mercy (1607) and The Flagellation of Christ (1607), created during his
first stay in Naples; The Raising of Lazarus (1609), painted in Messina after his escape from
Malta; and The Martyrdom of Saint Ursula (1610), widely regarded as one of his final works
produced upon return to Naples.

MA-XRF analysis, carried out in situ with mobile instrumentation developed at CNR ISPC,
reveals both continuity and change in Caravaggio’s technique. Elemental mapping highlights
consistent material choices alongside distinct variations that appear to reflect local conditions,
suggesting a pragmatic adaptation to the resources available during his years of exile. The re-
sults also provide insight into the conservation state of the paintings, with particular emphasis
on The Martyrdom of Saint Ursula, whose complex material condition points to early handling,
transport, and intervention.
By combining non-invasive imaging with art historical interpretation, this research demonstrates
how X-ray–based techniques can illuminate not only artistic practice but also the layered con-
servation histories of paintings. In doing so, it contributes to a more nuanced understanding of
Caravaggio’s late work and strengthens the broader potential of MA-XRF in interdisciplinary
studies of historical art.
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Unveiling the Nature and Distribution of
Egyptian Green Pigments in the Books of

Kha and Merit: HSI and MA-XRF Imaging
Integrated with Analytical Studies on

Mock-Ups
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The funerary papyri known as the Book of the Dead of Kha (Museo Egizio, Turin) and the
Book of the Dead of Merit (Bibliothèque nationale de France, Paris), both dated to the 18th
Dynasty, represent a exceptional case study for investigating the materiality and technology
of ancient Egyptian painting practices. These objects have been the subject of extensive non-
invasive analytical campaigns carried out through E-RIHS (European Research Infrastructure
for Heritage Science) enabling a comprehensive characterization of their painting materials. The
investigations have revealed a complex palette of Cu-based green pigments, including inorganic
compounds and species containing organic moieties, whose origin remains debated.
In this work, a multimodal imaging approach is applied to the two Books, focusing on the
identification, differentiation and spatial distribution of Egyptian green pigments. HSI in the
VIS-NIR range is exploited first to map spectral variability across the painted surfaces. Based
on spectral features, multiple typologies of green pigments are distinguished, highlighting vari-
ations in composition and/or production technology.

To further investigate the chemical nature of these green materials, HSI results are correlated
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with MA-XRF imaging data. Elemental distribution maps, particularly of Cu and associated el-
ements, support the discrimination between different classes of pigments and alteration products.

Finally, the study is complemented by an experimental approach based on the laboratory syn-
thesis of Egyptian green and related Cu-based compounds within an ongoing PhD project. A
systematic variation of synthesis parameters (temperature, raw material ratios, and fluxes) and
the production of model paints with different binders provide reference materials for comparison
with the in situ data, supported by their multi-analytical characterization through SEM-EDX,
FTIR and Raman spectroscopies, UV-VIS-NIR reflectance and fluorescence, and XRD.

The visualization of pigment distribution across specific iconographic elements provides key
insights into artistic choices and material use, while the integration of imaging analysis and
experimental approaches contributes to clarifying the nature and origin of Egyptian green pig-
ments, offering new perspectives on their production technology, use, and transformation over
time, as well as valuable tools for their non-invasive identification in cultural heritage contexts.
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Material Insights into the Books of the
Dead of Kha and Merit: MA-XRF and

MA-XRD Imaging of Two New Kingdom
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The ”Book of the Dead” papyri of Kha and his wife Merit, dating to the reigns of Amenhotep
II and Amenhotep III (1425–1353 BCE), are two exceptional examples of funerary manuscripts
intended to guide and protect their owners and to ensure their rebirth in the afterlife. Kha’s
Book of the Dead, a 14 m-long papyrus discovered in 1906 during the excavations at Deir el-
Medina and now preserved in the Museo Egizio, Turin, and Merit’s Book of the Dead, donated
to the Bibliothèque nationale de France, Paris, in 1862, some forty years before the discovery of
the intact tomb of Kha and Merit, rank among the best-preserved New Kingdom manuscripts.
Both are distinguished by the high quality of the papyrus support, the refined execution of their
polychrome vignettes, and the remarkable precision of their handwriting. Close examination
of the two manuscripts has also revealed significant evidence of possible reuse. In both cases,
the papyrus appears to have been prepared in advance, with blank spaces later completed with
the owner’s name. In Merit’s manuscript, the name of Kha even appears in some columns,
suggesting that the papyrus may originally have been intended for him. Moreover, the marked
stylistic and paleographic similarities between the two manuscripts strongly suggest that they
were produced in the same period and in the same Theban workshop, possibly even by the same
circle of scribes and illustrators. Although both papyri have attracted Egyptological interest over
the past century, with translations, photographic reproductions, and commentaries on selected
passages, a systematic and extensive material investigation of the two manuscripts has so far
been lacking.
In this work, we present the results of the material characterization of the papyri of Kha and
Merit by means of MA-XRF and MA-XRD imaging, developed at XRAYLab (ISPC-CNR,
Catania) and applied within the MOLAB framework of the European research infrastructure
E-RIHS.
These investigations have expanded our knowledge of the original materials, painting techniques,
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layout, and scribal practices, making it possible to reconstruct aspects of the writing process
through its materiality, improve the readability of the text, and identify errors, corrections,
erasures, and possible rewriting. The analytical evidence also provides solid material support
for historically and philologically grounded hypotheses concerning the common origin of the two
papyri, their modes of production, and their histories of use and reuse. Comparison with other
objects from the same funerary assemblage helps complete the material documentation of the
tomb and offers new evidence on the possible procurement routes of the raw materials. Finally,
the study of the degradation processes affecting the original materials has made it possible to
reconstruct the conservation state of the two papyri.
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Beyond the surface: multimodal chemical
imaging - reflectance HSI, MA-XRF and

VIL – reveals a rare use of Egyptian blue in
Raphael’s painting ”Christ Blessing”
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The recent identification of Egyptian blue-one of the earliest synthetic pigments, first pro-
duced in ancient Egypt-in a limited but well-documented number of paintings from the Italian
Renaissance has renewed the debate on the history, diffusion, and re-introduction of this ancient
pigment after centuries of disuse following Roman times. Within this context, particularly rel-
evant are some analytical results that indicated a sporadic-yet intentional-use of Egyptian blue
by the Renaissance master Raphael, whose painting technique, working practice, and choices of
unconventional materials still remain an active area of research.
The present contribution discusses some key results of a recent non-invasive analytical study that
was carried out on a wooden panel Raphael’s painting, titled ”Christ Blessing” (1505-1506), cur-
rently held in the Pinacoteca Tosio Martinengo in Brescia, Italy (1). Among the most significant
outcomes of this scientific analysis, novel evidence for the presence of Egyptian blue in Raphael’s
palette was obtained. In particular, adoption of a multi-modal approach combining complemen-
tary advanced imaging-namely, reflectance hyperspectral imaging in the VNIR-SWIR range,
MA-XRF, and multi-band imaging including visible induced luminescence-and spot spectro-
scopic analysis (XRF, FORS and OM) enabled identification of Egyptian blue among other blue
pigments and visualization of their distribution and layering across the painted surface. Notably,
multimodal imaging provided multiple maps highlighting the presence of Egyptian blue in the
background of the composition, and particularly in the sky, alongside articulated distribution of
other blue pigments, such as azurite and ultramarine, thus shedding light on the technical artist
choices to obtain precise chromatic effects. In particular, the present contribution will focus on
reflectance HSI data processing, taking into account technical aspects related to data fusion and
comparative analysis of data from different analytical techniques (HSI, MA-XRF and multiband
imaging). Beyond providing significant insight into Raphael’s working process and his careful
material’s choices, the presented work demonstrates the effectiveness of multi-modal chemical
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imaging for the investigation of the complex material composition of multilayered artworks.
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This presentation explores the results of an analytical campaign using MA-XRF on several
illuminations from a manuscript of the Histoire ancienne jusqu’à César (ms 2331, Les Champs
Libres Library, Rennes). This volume belongs to the remarkable collection of Jeanne Raguenel
de Malestroitand Tanguy IV du Chastel, a prominent bibliophile couple at the courts of Charles
VII and Louis XI. Within their library of twenty-four codices, this work is part of a distin-
guished set of three copies following the same historical text tradition. The couple owned the
original 14th century volume produced for King Charles V (Jörn Günther Rare Books, Basel)
and commissioned two new copies in the 15th century. While the copy held at the New York
Public Library (ms Spencer 41) is iconographically distinct, manuscript 2331 appears to be a
visual replica of this precious royal model.
Such a close link to a prestigious work suggests material choices matching such high ambition.
Preliminary investigations by X-ray diffraction (XRD) further support this hypothesis. Indeed,
while orpiment (As2S3) traditionally dominates the yellow palette in medieval illumination,
analyses here revealed a frequent and versatile use of lead-tin yellow type I (Pb2SnO4). The
latter is employed in subtle mixtures with lead white, goethite, azurite, and malachite, or as an
underlayer for gold leaf. This stratigraphic complexity required the use of MA-XRF mapping to
characterize the distribution of these intricate formulations across several illuminations of the
manuscript.
The interpretation of these data, cross-referenced with optical microscopy, point X-ray fluores-
cence and X-ray powder diffraction documents the signature of an exceptionally sophisticated
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workshop. Echoing the 14th century model, the originality of these material compositions sug-
gests that the illuminator of manuscript 2331 acted as a true colourist artist. This commu-
nication will thus highlight a technical deliberate intent deployed in the service of exceptional
chromatic versatility.
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A collaboration at work(?) Frans Hals’
Portrait of a Married Couple, Probably

Isaac Abrahamsz Massa and Beatrix van der
Laen examined with MA-XRF and RIS
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Frans Hals (1582/83-1666) was a leading Dutch seventeenth-century artist, active in Haar-
lem and renowned for his individual and group portraits, as well as tronies distinguished by
bold and vivacious brushwork. Among scholars, there has long been debate about whether Hals
ran a workshop with assistants and the extent to which he collaborated with fellow painters
specialized in particular motifs and genres to assist in the execution of his paintings.
In Portrait of a Married Couple, probably Isaac Abrahamsz. Massa (1586-1643) and Beatrix
van der Laen (1592-1639) in the Rijksmuseum, the question also arises whether the landscape
background - which fills roughly half the picture plane - was painted by Hals himself or by an-
other hand. In 1937, Van Dantzig contended that the two prominent figures in the background
were definitely not by Hals and considered the foliage of the trees too weak and the view into
the distance too clumsily executed (1). In 1989, Slive did not support the hypothesis of a col-
laboration and saw Hals’s touch both in the landscape background as is in the portraits (2).
More recently, in 2024, Grimm proposed that the Haarlem landscape specialist painter Pieter de
Molijn (1595–1661) was responsible for the landscape in the background and the small figures,
pointing to stylistic consistencies with a drawing and two paintings (3).

Up to now, the question of whether different hands were involved in the painting has been
addressed primarily through careful visual analysis of the paint surface, supplemented by stylis-
tic comparative research. As part of the cataloguing project of the Rijksmuseum’s holdings
of Dutch seventeenth-century paintings, the portrait was recently examined with macroscopic
X-ray fluorescence imaging spectroscopy (MA-XRF), infrared reflectography (IRR) reflectance
imaging spectroscopy in the short-wave infrared range (RIS-SWIR) and cross-sections, helping
to evaluate the collaboration hypothesis and the division of labour, which will be the focus of
this presentation.

The technical results provided deeper insight into the painting process and initial paint stages
of the overall composition, allowing comparison between the approaches used for the portraits
and surrounding landscape and foliage. In the landscape, for example, more significant composi-
tional changes were identified, while Hals’s characteristic loose, spontaneous brushwork-both in
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the early paint layers beneath the surface and in the finishing touches on the surface-was found
in the portraits.
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Lead white served as the dominant white pigment in European art practices until the 20th
century. For authentication purposes lead white’s long period of dominance introduces a chal-
lenge for differentiating original from modern lead white in artworks. The situation is further
complicated by the numerous subtypes of lead white. These variations stem from either different
post-processing techniques used in the traditional Dutch Stack method or the diverse industrial
synthesis processes developed after the Industrial Revolution (1).
Since lead white typically consists of varying ratios of three crystalline phases (hydrocerussite,
cerussite, and plumbonacrite) macroscopic X-ray powder diffraction (MA-XRPD) has emerged
as a powerful non-invasive tool for identifying pigment variations. Artists used different subtypes
of lead white to achieve specific optical or rheological effects (2). However, the application of
this technique to track chronological trends has remained largely unexplored. This study seeks
to bridge that gap by utilizing MA-XRPD to investigate whether lead white’s distinct chemical
signature can serve as a diagnostic marker for a pigment’s era of production or as an indicator
of intervention. To evaluate the strengths and limitations of this non-invasive approach, several
case studies will be presented to explore the correlation between the lead white composition, its
period of synthesis and its status as an original material. These include an analysis of extensive
restorations on an early 16th century work, as well as interventions found on Jan van Eyck’s
Ghent Altarpiece.
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Several of Johannes Vermeer’s paintings feature compositional elements thought to have
been painted with a mixture of a yellow lake and natural ultramarine, such as the women’s blue
jackets in ”Girl with the Red Hat” and ”Woman Holding a Balance”. Given the fugitive nature
of yellow lakes, these jackets are blue in appearance today. Studies have shown Vermeer used
yellow lake pigments made with dyes from weld precipitated onto chalk. Elevated calcium levels
observed in the X-ray Fluorescence (XRF) element maps of the jackets are attributed to the
presence of a yellow lake (now faded). To explore the feasibility of virtually restoring the yellow
lake’s contribution to the color appearance of the jackets, a yellow lake on chalk was prepared
from weld, and the Kubelka-Munk absorption and scattering coefficients will be determined.
The distribution of calcium in the jackets will help determine the weighting of the fraction of
yellow lake to be added back virtually to the reflectance spectrum using a Kubelka-Munk model.
We will create mockups to better understand the relationship between total calcium measured
by the XRF and the reflectance spectroscopy measurements. While such virtual studies always
involve a degree of subjectivity, they help provide a deeper understanding of Vermeer’s creative
process.
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Edgar Degas’s Edmondo and Thérèse Morbilli is a reworked painting that was in Degas’s
studio at the time of his death in 1917. The painting was likely first completed in the 1860s.
At some later date/s, the painting was reworked by the artist, including slightly shifting the
placement of the face and body of Thérèse, as first visualized in an X-ray radiograph. Much of
her bodice and skirt appear unfinished, although such reworking by Degas was not uncommon
and has been observed in some of his other paintings in the collection of the National Gallery
of Art, including Scene from the Steeplechase: The Fallen Jockey.
X-ray fluorescence imaging spectroscopy and reflectance imaging spectroscopy (RIS, 400-2500
nm) were used to identify and map the pigments in the flesh tones and hair. The white pigment
used in both faces of Thérèse is lead white. Both faces also contain iron ochres, an iron-and
manganese-containing ochre, and vermilion. These same pigments are also used to depict the
face of Edmondo. The color of the vermilion pigment used for all faces is the same according to
RIS, although the color of the yellow ochre pigment used in Edmondo’s face versus the surface
face of Thérèse is shifted by a few nanometers, which may indicate a different pigment was
used between these areas. Pigment differences are also apparent between the two versions of
Thérèse’s hair, with more manganese and mercury in the underlying hair whereas an organic
black pigment was used to darken the hair on the surface. The pigments used for reworking
(including lead white in Thérèse’s face versus zinc white in her unfinished torso) along with
material and art historical analysis of other Degas reworked paintings may help to date the
changes in the Morbilli portrait.
Finally, multispectral infrared reflectography at high spatial sampling ( ˜192 pixels per cm) and
RIS visualized the brushwork in the composition and also helped identify potential drawing in
the faces, including at least two drawing materials used in the face of Edmondo.
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The challenge: ”RRR” optical
measurements in Art Heritage Science and
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The application of advanced optical spectroscopy and hyperspectral imaging to cultural her-
itage has expanded rapidly, providing powerful non-invasive methods for the examination, doc-
umentation, and scientific analysis of artworks. However, the transition from laboratory-based
measurement science to routine use in conservation-restoration presents significant challenges.
Reliable interpretation of spectral data depends not only on sophisticated instrumentation, but
also on rigorous control of measurement conditions, calibration, illumination, data quality, and
reproducibility. This presentation explores the fundamental measurement principles that under-
pin quantitative optical imaging and demonstrates why a systems-based approach is essential
for producing scientifically reliable data in heritage applications.
Drawing on practical examples from paintings, manuscripts, and other cultural heritage objects,
the presentation discusses the role of hyperspectral imaging, reflectance imaging spectroscopy,
Raman imaging, microscopy, and complementary analytical techniques within an integrated re-
search framework. Particular attention is given to factors that govern measurement quality,
including spectral and spatial calibration, instrument uniformity and stability, signal-to-noise
ratio, dynamic range, illumination design, and multimodal data integration. The presenta-
tion also considers practical conservation requirements, such as minimising light exposure while
maintaining sufficient measurement sensitivity, demonstrating that robust optical characterisa-
tion can be achieved without compromising object safety.
The presentation argues that future progress in heritage science depends upon treating optical
imaging as a metrological discipline rather than simply an imaging technology. Standardisa-
tion, traceable calibration, reproducible measurement protocols, and intelligent management of
high-dimensional spectral datasets are identified as key requirements for ensuring that measure-
ments are comparable between instruments, institutions, and research projects. By combining
advances in optical physics with practical conservation needs, the work aims to strengthen con-
fidence in spectroscopic evidence and to support more reliable material identification, condition
assessment, authentication, and long-term documentation of cultural heritage objects.
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In 2019, the Rijksmuseum initiated Operation Night Watch, an ambitious research project
centered on The Night Watch (1642), Rembrandt van Rijn’s largest and most iconic painting.
A key objective of this project is the comprehensive investigation of the painting’s material
composition, condition, and degradation processes, with the ultimate aim of informing future
conservation strategies.
A wide array of advanced, non-invasive imaging techniques, such as macro X-ray fluorescence
(MA-XRF), macro X-ray powder diffraction (MA-XRPD), and reflectance imaging spectroscopy
(RIS), has enabled detailed mapping of pigment distributions and degradation products. While
these approaches have significantly deepened our understanding of the painting’s composition,
they have also revealed important analytical limitations.

Based on Rembrandt’s known practice, flesh tones, a central focus of this study, are expected to
consist of mixtures of lead white (Pb(CO)(OH) and PbCO) with iron (Fe)-based earth pigments
(red and yellow ochres: hematite, FeO; goethite, α-FeOOH), vermilion (HgS), black pigments,
and occasionally red lake glazes.

MA-XRF maps acquired during Operation Night Watch show strong lead (Pb) signals in light
flesh areas, while iron (Fe) signals are notably absent. In darker passages, however, weak Fe sig-
nals can sometimes be detected. Similarly, MA-XRPD failed to identify crystalline iron phases
in lead-rich regions but successfully detected them in darker areas. In contrast, RIS in the vis-
ible to near-infrared (VNIR) range clearly identifies spectral signatures of both red and yellow
ochres in light flesh tones, whereas these signals are less pronounced in darker regions.
To systematically investigate this discrepancy, we developed controlled paint reconstructions
consisting of red and yellow ochres mixed with lead white in varying proportions, with and
without the addition of a black pigment, as well as layered systems in which ochres were applied
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over lead white. These mock-ups were analyzed using the same imaging techniques, and the
results were compared with data obtained from The Night Watch. This approach allowed us
to assess the detectability of ochres across methods and to better understand the challenges
associated with interpreting historical flesh tones.
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Metal handcraft and archaeological objects provide profound insights into past technological
capabilities. Humanity’s advances in metal processing were so fundamental to cultural develop-
ment that entire early periods of history are named after them.
Contemporary research and conservation raise a wide range of questions concerning metalwork.
Beyond determining elemental composition, understanding microstructure, degradation states,
and corrosion products is essential for interpreting and preserving this cultural heritage. Such
complexity, however, demands a holistic analytical approach that no single technique can deliver.

Scanning micro–X-ray fluorescence (micro-XRF), also referred to as macro- or MA-XRF, is
widely used for spatially resolved chemical analysis, both qualitative and quantitative. In metal
analysis, this enables the identification of alloys, assessment of material homogeneity, and de-
tection of surface alterations that may indicate corrosion, environmental deposits, or previous
conservation treatments. For metals, ceramics, minerals, and other crystalline materials, X-rays
are not only exciting inner-shell electron transitions, but are additionally diffracted by the lat-
tice, producing peaks in the spectrum that differ fundamentally from fluorescence signals. These
diffraction peaks are often treated as an inconvenience complicating XRF analysis. However,
they also offer crucial structural information which may facilitate the understanding of pro-
duction techniques or material-immanent characteristics of metalwork beyond the information
obtained by elemental composition. Using micro-XRF as a scanning technique allows to map
crystallographic information (Laue Mapping) across an object’s surface, providing additional
information of phase identification, grain orientation or mechanical processing.

X-rays can be used not only to generate elemental or crystal-domain images but also to provide
deeper structural insights into samples. A complementary approach based on X-ray techniques-
such as 3D X-ray microscopy (XRM or micro-CT)-enables non-invasive three-dimensional recon-
struction of objects based on differences in the atomic and physical density of their individual
components.
This presentation highlights the advantages of integrating multiple X-ray methods for the study
of metalwork, demonstrating the complementary nature of scanning micro-XRF and XRM/
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micro-CT, as well as the technological opportunities that emerge from their combined applica-
tion.
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Bayesian Optimization of Feature-Based
Image Mosaicking for Multimodal Imaging
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Large-scale imaging of artworks is commonly performed by acquiring partially overlapping
tiles that must be combined into a spatially consistent mosaic (1). In techniques such as re-
flectance imaging s pectroscopy (RIS) and macro X-ray fluorescence (MA-XRF), mosaicking is
required before the resulting datasets can be spatially compared with high-resolution photo-
graphic documentation or other analytical modalities. Achieving reliable mosaics is challenging
because the performance of image registration depends strongly on algorithmic parameters con-
trolling feature detection, image preprocessing, and geometric transformation estimation. Image
stitching methods based on local feature extraction and matching have been widely used to con-
struct mosaics. However, their performance depends on several parameters which typically
require careful tuning (2).

This work presents a mosaicking framework for tiled spectral imaging datasets in which the
parameters of the registration pipeline are selected using Bayesian optimization. The method
first estimates pairwise correspondences between overlapping tiles using feature-based matching
and then determines the spatial layout of all tiles through a global least-squares optimization
that enforces consistency across the tile grid. Bayesian optimization is used to search the param-
eter space of the registration pipeline. At each iteration, a candidate parameter configuration
is evaluated by computing an objective function that measures the quality of the resulting mo-
saic. The objective function combines seam disagreement between overlapping regions, residual
registration error from the global solution, and a compactness term on the mosaic layout. A
surrogate probabilistic model is used to guide the selection of new parameter configurations that
are expected to reduce the objective value.

The mosaicked datasets are subsequently aligned to a high-resolution RGB image that provides
a common spatial reference. The method was evaluated on imaging datasets from historical
paintings, including VNIR, SWIR, and MA-XRF acquisitions comprising between 6 and 60
overlapping tiles. Experiments on 10–15 mosaicked datasets show that the approach produces
stable mosaics and reliable alignment with RGB reference images, enabling spatial comparison
of spectral and elemental imaging data.
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(1) Conover, D., et al., 2015. Automatic registration and mosaicking of technical images of
Old Master paintings.
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Illuminating Replication: A Multi Modal
Study of Caleb Wing’s 19th Century
Facsimiles of Medieval Miniatures

Tea Ghigo ∗ 1, Maria Ecenarro Catrain 2, Lucia Burgio 2

1 University College London (UCL) – United Kingdom
2 Victoria and Albert Museum – United Kingdom

The nineteenth-century revival of medieval manuscript illumination produced a large number
of handcrafted facsimiles, yet the material and technical procedures underlying this production
remain surprisingly underexplored. This paper offers the first analytical investigation of three
replicas by the professional British facsimilist Caleb William Wing (1801–1875), undertaken
through a new collaboration between UCL and the Victoria and Albert Museum. We aimed to
assess how Wing selected and applied his materials and techniques in relation to the medieval
originals he sought to reproduce.
The project employed a combined analytical protocol including macro X-ray fluorescence (MA-XRF)
with infrared reflectography (IRR), Raman microscopy, UV-induced visible fluorescence mi-
croscopy, and targeted visual examination. MA-XRF provided large-area elemental maps that
were crucial in complementing Raman spectroscopy and the other methods employed for dis-
tinguishing between complex pigment mixtures, identifying preparatory layers, and visualising
gilding materials.

By integrating these analytical results with archival research on 19th-century handbooks, we
show that Wing employed a substantially diverse and deliberately modulated palette-one he tai-
lored closely to the chromatic character of the originals. MA-XRF revealed distinct approaches
to gilding, with evidence of both pure and copper-alloy gold leaf, shell gold used for modelling,
and variable preparatory layers with lead- or calcium-based materials. When compared with the
medieval miniatures themselves, it becomes clear that Wing’s material decisions were driven by
a strong commitment to aesthetic and technical fidelity rather than by reliance on a standardised
palette.
This study highlights the methodological challenges that such eclectic and adaptive practices
pose for attribution, and it reinforces the need for interdisciplinary, multimodal approaches to
reconstruct facsimilists’ working methods. More broadly, this research contributes to ongo-
ing efforts to reassess the material culture of the nineteenth-century illumination revival and
demonstrates how material analysis can reveal both artistic decision-making and historical craft
knowledge.
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Coupling elemental, structural and
molecular macro-scale imaging of oil

paintings by Henri Matisse

Victor Gonzalez ∗† 1, Ayoub Traverson 2, Löıc Bertrand 2, Stéphanie
Elarbi 3, Steven De Meyer 4, Kirsten Derks 4, Lowie Vercruysse 4, Geert
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2 ENS Paris-Saclay – Université Paris-Saclay, ENS Paris-Saclay, CNRS, PPSM, 91190 Gif-sur-Yvette,

France – France
3 Centre Pompidou – Centre Pompidou – France

4 AXIS ARCHES Research groups, University of Antwerp – Belgium
5 CNR-SCITEC, University of Perugia – Italy

6 IPANEMA – CNRS, Ministère de la Culture et de la Communication, Muséum National d’Histoire
Naturelle (MNHN), Université de Versailles Saint-Quentin-en-Yvelines (UVSQ) – France

7 National Gallery of Art – United States

Henri Matisse (1869-1954) is a major artistic figure whose career spanned more than half a
century, and who played a key role in the revolutionary developments in the visual arts in the
early 20th century. He is particularly renowned for his use of intense colors, from his leading
role in the Fauve movement, to his gouaches découpées which he created towards the end of his
life.
However, little information is available on the pigments he used in his oil paintings, and on
the chemical stability of these materials over time. To investigate the pigment palette of Ma-
tisse, a multimodal chemical imaging campaign was organized at the Centre Pompidou in Paris,
during which seven artworks were studied. The analytical procedure combined macroscopic X-
ray fluorescence scanning (MA-XRF), macroscopic X-ray powder diffraction (MA-XRPD) and
macroscopic photoluminescence imaging (MA-PL) with several non-invasive single-point analy-
sis techniques including reflection FTIR, Raman and UV-VIS-NIR spectroscopy.

This contribution will present results from this analytical campaign, providing new informa-
tion on the paint materials used by Matisse, and their potential chemical alteration. The data
collected from paintings by Matisse will be compared with research results obtained in the lab-
oratory on model-samples.

For example, different Cd-based crystalline compounds were found alongside the original hexag-
onal CdS yellow pigment. This raises questions about whether this pigment has changed over
time or whether Matisse was selecting different subtypes of pigments that differ in their historical
production method. Several non-original inorganic compounds, notably lead-sulfate compounds
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were also charted at the macro-scale. Their presence raises questions on the potential chemical
reactions active in the paint layers of Matisse, and on the conservation state of the artworks.
In addition to the new knowledge gathered on the materiality of the palette of Matisse, this
work emphasizes the significance of integrating structural (MA-XRPD), elemental (MA-XRF)
and molecular (MA-PL, FORS, FTIR) analysis for non-invasive imaging of inorganic pigments.
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Mapping materials in Goupil prints using
portable spectroscopic methods (HSI, XRF,
FTIR...): the case of nineteenth century

decorative pendants

Lou Groscol ∗† 1, Régine Bigorne 2, Francesca Galluzzi 3, Caroline
Tokarski 3, Aurélie Mounier 4, Flora Brocas 5, Sarah Petitcolas 1

1 Archéosciences - Bordeaux – Université de Bordeaux, université Bordeaux Montaigne, Centre National
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3 Institute of Chemistry and Biology of Membranes and Nanoobjects, UMR CNRS 5248, Proteome

Platform, University of Bordeaux, F-33000 Bordeaux – Institute of Chemistry and Biology of
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5 Université Bordeaux Montaigne – CNRS – France

Goupil & Cie (1829-1921) was a major French art dealership and publishing house that
played a significant role in the international distribution of reproductions of artworks. The firm
reproduced both Old Master paintings and works by contemporary artists. Offering a wide
range of formats, techniques, and prices. Among its commercial strategies, the production of
pendants, prints designed to be displayed together, provided ready-made decorative solutions
for domestic interiors. However, the material variability and production logic of these ensembles
remain poorly documented.
This study focuses on three pairs of Goupil prints produced using different reproductive tech-
niques: two lithographs, La Perle du Harem (after Brochart) and La Petite Maman (after Bazin);
two burin engravings by the Varin brothers, Enfin... Seuls! (1881) and La Layette (1885); fi-
nally, two colour typogravures after Millet, Les Glaneuses and L’Angélus, both printed in 1890.
A multimodal analytical approach was implemented in the reserves of the Musée d’Aquitaine
(Bordeaux), combining portable and non-invasive methods: hyperspectral imaging in the visible
and near-infrared ranges, X-ray fluorescence, digital microscopy, and infrared spectroscopy. The
aim was to identify the paper substrates, printing techniques, as well as the pigments, dyes,
and binders. In addition, micro-samples were collected using minimally invasive techniques to
investigate the treatment of the paper substrate and to assess the posthumous application of
Arabic gum, using mass spectrometric analyses (MALDI-MS and nanoLC-MS/MS).

The results allowed a spatial characterisation of materials and techniques. Beyond pigment
mapping, hyperspectral imaging made it possible to locate highlights and to distinguish printed
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layers from manual interventions, while elemental analysis revealed variations in the composition
of the colour palettes. This approach unexpectedly highlighted significant material variability,
both between the pendants and within each pair. Principal component analysis further allowed,
particularly in the case of paper, the identification of distinct groups according to reproduction
techniques. For the most recent works, the differentiation of printed areas from the back side,
suggested an additional stage in the preparation process. The colour palettes combine organic
and inorganic pigments, including vermilion, Prussian blue, gamboge, and chromium-based pig-
ments.
These results underscore the complexity of Goupil’s production practices and highlight the
complementarity of the analytical methods. They contribute to a better understanding of the
materiality of these objects, as well as of the technical and commercial strategies underlying the
standardisation and diversification of printed decorative ensembles in the nineteenth century by
Goupil & Cie.
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Laboratory versus synchrotron XRF
elemental mapping of large museum

specimens
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Large area micro-X-ray fluorescence (XRF) mapping, being non-destructive and non-invasive,
is now an established analytical technique to obtain spatially resolved information about the el-
emental composition and distribution of cultural and natural heritage objects. It is used to
analyze not only flat works of art, but also a wide range of other heterogeneous museum spec-
imens such as fossils. Two main categories of XRF scanners are currently being used: mobile
laboratory scanners that allow for the measurement of samples placed horizontally (i.e. laid on
a table) and/or vertically (i.e. hung on a wall), and fixed synchrotron set-ups that provide high
sensitivity and speciation information for trace elements. With the increased availability of both
types of equipment and increased demand from researchers for their use, it can be complicated
for the beginner to know which one to choose. In this contribution, we present a multiscale
comparison of the possibilities offered by the Bruker M6 Jetstream scanner available at the
CRC laboratory (Paris, France) and the PUMA beamline dedicated to ancient materials at the
SOLEIL synchrotron (Gif-sur-Yvette, France). The Jetstream allows for the fast mapping (up
to 100 mm/s) of large pieces, up to 60 × 80 sq.cm, with a 100–500 µm adjustable spot size
offering a satisfactory resolution in the majority of studies. Synchrotron XRF mapping becomes
necessary when a higher lateral resolution is needed: taking advantage of smaller beam sizes, it
enables to detect elements confined to very small areas. Additional differences and the comple-
mentarity between the two techniques will be illustrated with a selection of cultural and natural
heritage applications.
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”The paintings come first”: Mapping
Geography and Revision in Piet Mondrian
Works between 1921 and 1942 with µ-XRF

Scanning
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1 The Museum of Modern Art – United States
2 Cultural Heritage Agency of the Netherlands (RCE) – Hobbemastraat 22, 1071 ZC, Amsterdam,
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4 Kimbell Art Museum 3333 Camp Bowie Boulevard. Fort Worth, Texas. – United States

Over the course of his career, Piet Mondrian moved between the Netherlands, Paris, London,
and finally New York, with each location shaping his materials and methods of working. His
move to New York in 1940, to escape the war, marks a particularly dynamic moment in his
practice. However, the limited documentation of works in progress from that period makes it
challenging to determine how he revised his compositions. In many cases, the extent of these
changes remains unclear.
Scientific analysis, however, offers a means to distinguish passages executed in Europe from
those completed in New York, providing a material framework for reconstructing Mondrian’s
process across geography and time. This study focuses on the application of large-area micro-X-
ray fluorescence (XRF) scanning to investigate a group of paintings dating from 1921 to 1942,
with particular attention to works Mondrian changed in New York City. While complemented
by limited sampling and vibrational spectroscopy, XRF scanning proved to be a powerful tool
for mapping the compositional and material changes Mondrian made and for elucidating com-
positional changes that are not apparent in more traditional imaging techniques, such as X-ray
radiography and UV fluorescence.

The findings show that Mondrian’s choice of primary colors evolved, and XRF scanning further
indicates that he actively modified these colors by adding white, incorporating complementary
hues, and selectively overpainting areas with different paint. The black lines, while appearing
uniform, reveal a complex, layered process. The detection of mercury in some of these lines sug-
gests the incorporation of vermilion during the initial planning stages of the late 1930s works.
The presence of iron and manganese suggests the addition of brown paint to his black, a practice
that dates back to the early 1920s among the works studied. These elemental markers, especially
mercury and chromium (also found in the black lines), help place Mondrian on either side of the
Atlantic.

Perhaps most impressive is the role of XRF scanning in clarifying Mondrian’s dating system
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for works revised in New York. XRF scans of one work revealed earlier, concealed dates and
monograms beneath later paint layers, complicating the apparent chronology established by vis-
ible inscriptions and suggesting that Mondrian viewed more than one version of this painting as
finished before revisiting the composition.
Taken together, these results demonstrate how large-area XRF scanning provides insight into
Mondrian’s evolving materials, techniques, and revisions across locations, especially where doc-
umentary evidence is limited or lost.
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Since ca 2010, several non-invasive imaging methods for structural and chemical imaging
of (metre-sized) painted works of art have been developed, including Macroscopic X-ray flu-
orescence (MA-XRF) and Macroscopic X-ray powder diffraction (MA-XRPD). In favourable
conditions, these methods may provide some form of depth-selective information. In general,
however, they are limited in revealing depth-resolved information on the multilayered stratigra-
phy that is present below the surface of most painted works of art.
A non-invasive method suitable for visualizing the internal structure of heterogeneous materials
and (cultural heritage) artefacts is X-ray microtomography (µ-CT). However, most commer-
cially available µ-CT instruments only allow to obtain volume data from relatively small objects
and/or are limited in the X-ray energy/spatial resolutions level at which they can operate.

At the European Synchrotron ESRF-EBS, BM18 is a beamline dedicated to hierarchical µ-
CT. At this facility, it is possible to record X-ray CT volumes from macroscopic artefacts
(and/or subsamples thereof) at lateral resolution levels ranging from ca 2 to ca 100 µm. The
objects/materials investigated at BM18 range from entire musical instruments (e.g., violins, clar-
inets) over paleontological fossils (e.g. dinosaur eggs, humanoid skulls) to entire animal/human
organs (e.g. liver, heart). The objects are irradiated with the quasi-parallel, high-energy poly-
chromatic beam delivered by the BM18 source; the average energy of the beam can be modified
by placing absorber foils in the beam. During the CT-imaging, a combination of absorption and
phase contrast is exploited.
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Using average energies of ca 110 and 150 keV, on an explorative basis, several paintings on
parchment, canvas and curved wooden substrates, typically 20-30 cm in overall lateral size,
were examined in a non-invasive manner by means of high-resolution region-of-interest (ROI)
tomography. In this imaging mode, volume data with a spatial resolution of 2-3 µm could be
successfully recorded from cylindrical subvolumes of the artworks ca 9 mm in diameter. Since
in these CT volumes, the stratigraphic structure of the paint multilayer stack present in these
subareas can be observed, they can be regarded as virtual (black-and-white) paint cross sections.
In this contribution, the information that can be gleaned from a few representative virtual paint
cross sections collected from (a) a 16th c. illuminated manuscript, (b) a 17th. C oil-on-canvas
painting and (c) a 19th c. icon as well as from several paint mockup samples will be discussed.
A critical comparison will be made with depth-resolved information obtained from the same
artworks by means of more traditional (non-)invasive methods such as optical microscopy and
SEM-EDX mapping (of physical cross-sections) and MA-XRF and MA-XRPD scanning (on
complete artworks).
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Integrated macro and micro analytical
evaluation of historic brick architecture of

Pakistan under environmental stress

Muhammad Tehmash Khan ∗ 1

1 The Aga Khan University – Pakistan

This study investigates the deterioration of Mughal era brick masonry in key heritage sites
of Punjab, Pakistan through a combination of macro and micro scale analytical techniques.
A selection of architectural elements from the Lahore Fort, Shalimar Gardens, Sheikhupura
Fort, Jahangir’s Tomb, Wah Gardens, and the Wazir Khan Mosque was examined to document
how environmental stressors alter brick composition, porosity, and mineral structure. Macro X
ray fluorescence techniques were used on exposed wall surfaces to map elemental distributions
related to salt enrichment, previous repairs, and mineral accumulations. These data were com-
plemented by laboratory based XRD and point XRF to identify crystalline phases and elemental
concentrations. SEM EDS provided microstructural imaging to assess pore geometries, firing
related heterogeneities, and granular disintegration.

The results show high concentrations of soluble salts, uneven firing temperatures, and het-
erogeneous pore networks that increase moisture uptake and reduce mechanical stability. Water
absorption values of 12 to 13 percent confirm high porosity and capillary connectivity. Compres-
sive strength tests show moderate structural performance but indicate weaknesses where salt
loading and microcracking are concentrated. The combined use of MA XRF with XRD, XRF,
and SEM EDS demonstrated how multi scale imaging and compositional analysis can reveal
deterioration pathways linked to environmental exposure and past incompatible repairs. The
findings support the development of conservation strategies grounded in material compatibility,
moisture management, and systematic diagnostic imaging.
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Van Gogh/Not Van Gogh: Multi-Modal
Analysis of a Van Gogh–Style Painting with

a Hidden Underlying Image
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This research project presents an ongoing case study of a Landscape with Cypress in the
style of Vincent van Gogh, currently under investigation for questions of authenticity. Visual
inspection and technical imaging have revealed its complex physical structure, which includes
lacunae, a double canvas and a hidden underlying portrait. While macro X-ray fluorescence
(MA-XRF) significantly improves the efficient characterisation of such complex stratigraphy
compared to traditional 2D imaging techniques, elemental distribution maps alone are often
insufficient for the accurate identification of materials due to intrinsic limitations in elemental
sensitivity, and a broader interdisciplinary approach is required to underpin attribution research.
Preliminary analyses of the MA-XRF data in this case revealed a pigment palette consistent
with Van Gogh’s known practices in the South of France in 1888-1890, with no clear indication
of anachronistic pigments. In this context, we implemented a multi-modal analytical frame-
work to achieve a more nuanced and reliable understanding at micro and macro scales. This
study integrates MA-XRF elemental mapping with reflectance imaging spectroscopy (RIS) and
Raman spectroscopy to resolve pigment ambiguities. The technical evidence was further contex-
tualised through high-resolution 3D morphology scanning and an in-depth visual examination.
By combining elemental, molecular, visual, microscopic and topographical information, we have
gained new, comprehensive insights into the materiality, brushwork and compositional devel-
opment. Additionally, the results are compared against a broader framework of reference data
available for Van Gogh’s working practice in the period to further benchmark the findings. This
study demonstrates how the combination of advanced imaging and interdisciplinary expertise
can bridge the gap between raw analytical data and art-historical interpretation, providing a
more robust foundation for authenticity studies.
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A Napari-Based Approach for
Multi-Analytical Imaging of Large-Scale

Painted Objects
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A large (57 sq. m) painted gilt leather wall hanging was acquired by the Louvre Abu Dhabi
in 2023 (LAD 2023.007). As part of a comprehensive investigation, it is undergoing a series of
analyses including Macro X-ray fluorescence (MA-XRF) and Hyperspectral imaging (HSI). The
artwork, The Triumph of David, depicts David’s triumphal procession following his victory over
Goliath, featuring richly dressed figures within an architectural setting framed by a decorative
frieze. Its stratigraphy consists of a silver leaf layer coated with a translucent ‘gold’ varnish,
forming a gold-like base that was subsequently embossed and painted.
Given the 57 sq. m area, 150 individual MA-XRF scans (each approximately 600 x 800 in size)
were acquired at 700 µm resolution to cover the full surface, amounting to approximately 127
million data points. In addition to stitching and analyzing the MA-XRF data, HSI and other
future datasets needed to be co-registered and aligned to enable visualization and processing
within a single interface. Furthermore, data processing required not only standard techniques
such as bivariate histogram analysis, but also custom algorithms such as for automated seg-
mentation of the underlying silver leaves. Several software solutions have been used for similar
purposes (1-3). Napari was selected for its open-source design, integration with the Python envi-
ronment, and high-performance visualization capabilities. It also supports Dask arrays, plugins,
widgets, live data binding, and is well-supported with sponsoring by NumFOCUS and backing
by major funding bodies such as the Chan Zuckerberg Initiative (CZI).

We present our initial efforts in this regard. The stitched dataset was visualized with co-
registered HSI to identify past conservation areas, while bivariate histograms of full and subset
MA-XRF maps were used to characterize paint materials and past interventions. Also, auto-
mated segmentation of silver leaf was performed to analyze its size and placement techniques as
indicators of workshop practice.

Overall, Napari provides a powerful and flexible Python-based framework for processing large
image-based datasets, enabling their efficient co-registration and alignment, visualization, and
analysis.
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Through Picasso’s paint layers: new
discoveries on Woman with a Book (Norton

Simon Museum, California)
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Pablo Picasso’s Woman with a Book (Norton Simon Museum, California), painted in 1932,
was strongly influenced by Madame Moitessier by Jean-Auguste-Dominique Ingres (National
Gallery, London), which he had seen in Paris in 1921. The two works were displayed together
for the first time in London in 2022. On that occasion, Picasso’s painting underwent an extensive
non-invasive multi-modal technical examination. Building on earlier studies undertaken at the
Norton Simon Museum, this aimed at understanding how Picasso developed the composition in
relation to Ingres’s portrait, as well as to a recently identified preparatory drawing with colour
notations.
This presentation focuses on the results from X-ray fluorescence (XRF) scanning and Reflectance
Imaging Spectroscopy (RIS) in the visible to near infrared spectral range (VNIR, 400-1000 nm),
the complementarity of which proved essential to identify and map Picasso’s materials at and
below the paint surface. These findings, complemented by FORS measurements, X-radiography,
infrared reflectography and detailed examination of the painting surface under magnification,
helped in understanding the very complex layer structure of the painting, which reflects the
many changes Picasso made in developing the composition. The new technical images show
how Picasso’s original design was closer to the drawing and that he had started to paint the
composition following the colour notations recorded in it, while the features mostly strongly
referencing Madame Moitessier appear to be quite late additions.
Besides these art-historical insights, this on-going study provides interesting information on
Picasso’s painting materials and technique. Pigments identified include : emerald green, viridian,
ultramarine, cobalt blue, cobalt violet (phosphate form), cadmium yellow, cadmium red, red
lake, earth pigments and lead white. Throughout the painting there are high levels of zinc
which, together with the paint surface texture (captured with 3D laser scanning), point at
Picasso’s possible use of Ripolin house paint.
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Mobile short-wave infrared hyperspectral
imaging (SWIR-HSI) for the enhanced
visualization of hidden compositions in a

double portrait by Giorgio da Castelfranco
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We present results from SWIR-HSI of a painting, recently attributed to the Venetian artist
Giorgio da Castelfranco, called Giorgione (1478 – 1510). The painting, a double portrait of
Giovanni Borgherini and Trifone Gabriele, dated to 1509/10, was studied within an interdisci-
plinary research project on the collection of 15th- and 16th-century Venetian paintings at the
Alte Pinakothek in Munich. Using microscopy, micro-invasive analysis, and imaging methods,
a remarkable stratigraphy was revealed: Below the visible surface, three preceding composi-
tions were found using infrared reflectography (IRR), X-ray radiography (XR), and macro XRF
scanning (Ma-XRF). This study aims to improve and complement existing visualizations via
SWIR-HSI.
We employed a Hyspex SWIR-384 imaging spectrometer, mounted on a mobile platform. The
push-broom scanner moved by a biaxially rotating platform captures a spectral range of 960-
2500 nm at a spectral resolution of 5.45 nm. At working distances of approximately 1 m and 3
m, spatial resolutions of 0.8 and 2.2 mm, respectively, are achieved. While this system’s mobility
enables versatile application in the gallery, several challenges emerged during the campaign: ro-
tational scanning causes geometric distortions, and the glossy varnish results in intense specular
reflections at the shorter working distances required for high spatial resolution. To compensate,
nine individual 1 m-distance scans were acquired from different perspectives and angles and
combined to cover the whole painting area. The scans were calibrated and masked to exclude
specular highlights and overexposure. Using an overview scan (3 m distance) as a co-registration
target, the scans were geometrically corrected and stitched. To visualize the hidden composi-
tions, we applied multivariate analysis (minimum noise fraction transformation and independent
component analysis) and data fusion using subsets of the existing Ma-XRF maps.
In particular, a hidden Arcadian landscape scene, remarkable for its similarities to Giorgione’s
”La Tempesta”, could be enriched with new details, relevant for its art-historical evaluation.
The complex stratigraphy presents an interesting case study for the joint application of SWIR-
HSI and Ma-XRF. In the visualization of hidden compositions, the capabilities and limitations
of both methods were found to be complementary due to their contrasting interactions with
the materials in the paint layers. In this case study, lead-rich paint layers acted as barriers to
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Ma-XRF, but remained significantly transparent in SWIR-HIS, revealing additional details in
the landscape. The employed preprocessing workflow proved crucial for optimizing the complex
data for multivariate analysis, enabling the detection and visualization of hidden features and
greatly completing previously achieved imaging results.
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This study aims to analyze the composition of the painted material and the layered sur-
face decoration of a Mycenaean krater, excavated in the Late Bronze Age (LBA) site of Pyla-
Kokkinokremos in Cyprus, using non-invasive techniques. The artifact is a fine, wheel-made
Mycenaean krater dated to ca. 1300–1250 BCE, recovered from a LBA deposit ca. 1200 BCE,
placing it within the Eastern Mediterranean ”Crisis Years,” a period associated with major po-
litical, economic, social transformations, increased mobility and migration, which has often been
linked to the ”Sea Peoples.” Notably, the krater predates the destruction layer by approximately
50–100 years, yet its presence does not necessarily indicate earlier occupation phases. Rather,
it may reflect prolonged use, deliberate curation, or secondary circulation.
The krater’s pictorial decoration is particularly significant, depicting a sailing ship with warriors
and sailors beside motifs of fish, bulls, and birds, possibly carrying a symbolic meaning for its
users. Its current state of conservation is also key for investigation: the decorations are partly
faded, the visible colors (orange and black or dark brown) appear to vary according to the spa-
tial zones, and several areas show salt damage. Material analysis of the decorative layers can
not only provide insights on the vessel’s material history but also clarify its relationship to the
archaeological context at Pyla-Kokkinokremos.

Mycenaean ceramics have been studied by micro-invasive techniques such as petrography, opti-
cal emission spectroscopy, neutron activated analysis, laser ablation, and SEM-EDS to identify
their composition and provenance. However, these techniques are limited to specific target re-
gions and require sampling. Non-invasive techniques such as point XRF have been used to trace
major and minor elements and assess variations within large assemblages.
Our study uses a non-invasive approach to identify the krater’s color composition and manufac-
turing techniques (e.g., decorating and potentially firing) by combining MA-XRF, point XRF,
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portable FTIR, and optical microscopy. The main challenges in XRF analysis include: 1) the
heterogeneity of the clay and its similar composition to the decorative layers; 2) XRF intensity
variation due to the vessel’s curvature. By processing data across regions, preliminary results
show that the decoration consists of a calcium-based slip and drawings using an iron pigment.
Principal component analysis and background reduction are applied to discern the materiality in
different colors. Ultimately, this study showcases a workflow combining non-invasive techniques
to characterize a decorated Mycenaean krater and presents potential and obstacles to guide
future studies.
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Macro X-ray fluorescence spectroscopy (MA-XRF) has proven to be a highly effective non-
contact analytical method due to its speed, precision, and versatility. Besides routine conser-
vation diagnostics, pigment identification, and support for restoration decisions, MA-XRF also
contributes significantly to art historical research by revealing painting techniques, layer struc-
tures, pentimenti, overpaintings, hidden motifs, signatures, and other concealed features, such
as provenance indicators through bole composition or gilding application directions. In combi-
nation with complementary imaging methods such as SEM-EDS, Raman spectroscopy, FTIR
imaging, IR reflectography, and high-resolution digital scanning, MA-XRF provides valuable
information for the study of historical pigments and degradation processes.
The newly established Material Analysis Laboratory of the Slovak National Gallery employs
these analytical approaches, including a dedicated MA-XRF workstation (M6 JetStream Bruker),
for the investigation of artworks from the SNG collections and other heritage institutions. Re-
search activities include works by Master MS, Melchiorre Gherardini, Ladislav Mednyánszky,
Jozef Zanussi, and Edmund Gwerk, an important representative of Slovak interwar and postwar
modernism.

This study investigates the use of MA-XRF elemental maps combined with IR reflectography
and high-resolution digital scanning for the reconstruction of the original visual appearance of a
panel painting by Edmund Gwerk (1895–1956). In visible light, the painting currently exhibits
flattened tonal transitions and reduced spatial modelling compared to the information preserved
in the elemental maps. The research focused on physicochemical interactions within paint lay-
ers, degradation of chromophores, oxidation processes, binder migration, and the possible role
of varnishes and glaze layers. The painting was analyzed holistically and compared with more
than ten other MA-XRF datasets from Gwerk’s works.
The analysis was performed using MA-XRF (50 kV, 600 µA, 9 ms per pixel, spot size 330 µm),
CRUSE high-resolution digital scanning, and IR reflectography for the detection of graphitic
IR-absorbing layers. Elemental mapping revealed hidden tonal and compositional information
no longer preserved in the visible spectrum. Several areas originally contained smoother tonal
transitions and stronger spatial modelling than currently visible. The combined imaging data
enabled a hypothetical reconstruction of the original color tonality and confirmed the poten-
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tial of MA-XRF not only for material investigation but also for the digital interpretation and
reconstruction of the artist’s original visual intent.
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Under the visible surface of paintings often lies a history of revisions, abandoned ideas, earlier
compositions and traces of artistic decision-making that remain inaccessible to the naked eye.
Macro X-ray fluorescence (MA-XRF) spectroscopy has become a key tool for uncovering these
hidden layers, providing spatially resolved elemental maps that reveal what is present beneath
a painting’s surface. However, the signal it captures is cumulative, representing a superposition
of features from multiple layers intermixed across depth.
This contribution explores how to move from detection to interpretation. By combining MA-
XRF with complementary imaging modalities, such as X-radiography, infrared reflectography
(IRR) and multiband imaging, it becomes possible to unmix the stratigraphy of paintings. Each
modality provides distinct sensitivities, for example to density variations, underdrawings or ele-
mental distributions. Their integration, however, is not simply additive, but it requires careful
alignment, cross-validation and, crucially, computational support.

A framework is presented in which data science techniques play a central role in separating
overlapping signals. Approaches include advanced clustering methods that leverage statistical
structure in multichannel datasets, as well as predictive models of the visible paint layer that can
be subtracted from the total XRF signal to enhance the contrast of underlying compositions. Al-
though these methods operate on different principles (unsupervised versus model-driven), they
converge toward the same goal of isolating hidden information that is otherwise obscured.

The discussion is grounded in a series of case studies from the collection of the National Gallery
of Denmark, spanning a range of artistic practices and material complexities. These include
works by Rembrandt, Pieter de Hooch, Jusepe de Ribera, Vilhelm Hammershøi, and Anna and
Michael Ancher. Across these examples, hidden portraits, compositional changes and reused
supports emerge with varying degrees of clarity depending on the analytical strategy applied.
Rather than presenting a single solution, emphasis is placed on the interplay between instru-
mentation, imaging techniques and data processing. Revealing hidden layers is therefore framed
not only as a matter of improved data acquisition, but as the result of integrated, multimodal
and computationally assisted approaches.
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Analytical imaging techniques for the study of cultural heritage such as macro X-ray flu-
orescence, reflectance imaging spectroscopy and pulsed thermography can capture dense high
resolution multi-dimensional or multi-temporal data that provides unique quantitative informa-
tion at each point of the surface of a work of art. These complementary data sets are are often
acquired, processed and viewed independently due to different and incompatible data formats,
differences in alignment and resolution and the lack of interoperability in viewing software.
Moreover the resulting data cubes are often of very high resolution and extremely large requir-
ing specialized computing and storage equipment. As a result the processed data from these
techniques are rarely shared and are often difficult to fully exploit with the results distributed
in simplified or limited derivative forms that make their re-use difficult.

Yet these analytical techniques produce multi-modal data that is highly complementary where
the ability to compare, contrast and visualize the ensemble of data together can provide im-
portant insights into the works of art. Therefore, in order to facilitate this, we propose a
methodology that allows multi-dimensional and quantitative imaging data to be processed into
a practical and re-usable form that is compatible with other analytical and imaging modalities.
We also propose internet-based protocols based on web standards along with open source soft-
ware that provide the ability to share, interact and visualize very large complex data sets over
the internet. In particular we will demonstrate how very large data cubes from hyperspectral
imaging, macro-XRF, pulsed thermography and optical coherence tomography can be made
readily accessible and integrated into a unified platform.
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Hyperspectral imaging (HSI) in the visible and SWIR domains, together with macro X-
ray fluorescence (MA-XRF), constitute fast and non-invasive hyperspectral imaging techniques
increasingly adopted in conservation science for the study of painted surfaces. By measuring
reflectance or elemental responses at each pixel of a 2D surface, these modalities generate large
multidimensional datasets containing millions of spectra and spatially resolved signals. While
the processing of such high-dimensional data poses significant analytical and computational chal-
lenges, it also creates new opportunities for the application of advanced multivariate analysis
and artificial intelligence (AI) methods for data interpretation (1).
With the aim of expanding current approaches to the treatment of hyperspectral datasets and
addressing the nonlinear unmixing of spectral information acquired from painted works of art,
innovative AI-based data analysis strategies have recently been developed (2). In particular, this
work investigates the effect of combining multiple imaging modalities-including VNIR, SWIR,
and MA-XRF datasets-on the performance of deep learning models for the characterization of
pigments and painting materials.

Through the study of laboratory-prepared paint mock-ups and historical paintings, we will
illustrate the use of combined AI algorithms applied to multimodal hyperspectral datasets using
both supervised and unsupervised approaches to further investigate pigment use and material
distributions. The efficiency and limitations of these methods will be discussed, with particular
attention to current challenges related to model optimization, generalization, and robustness
across heterogeneous corpora and acquisition conditions.
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(1) Liu, L., Pouyet, E., et al. (2023). Neural networks for hyperspectral imaging of histori-
cal paintings: a practical review. Sensors, 23 (5), 2419.
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The scientific study of works by the Pre-Raphaelite Brotherhood (PRB) are advancing as
research on this group of nineteenth-century British artists expands with new exhibitions and
revived interest. In Spring 2027, the Delaware Art Museum (DelArt) is presenting a major loan
exhibition, ”Simeon Solomon: Queer and Jewish in Victorian London,” the first museum show
in the United States to comprehensively focus on the art and life of Simeon Solomon (1840-
1905). From 1860 through the early 1870s, Solomon received critical attention in exhibitions at
the Royal Academy and Dudley Gallery, but arrests in the early 1870s halted his professional
career. Rejected by the art establishment and thrust into a life of homelessness and alcoholism,
Solomon maintained his practice, producing hundreds more works over thirty years. The ex-
hibition brings Solomon’s work back into focus, using scientific analysis to critically analyze
the connection between how Solomon worked and lived, as well as his influences and inspiration
working in the sphere of the PRB. To date, only a few scientific materials characterization studies
are recorded in the literature of PRB paintings; these have primarily focused on infrared reflec-
tography, polarized light microscopy, cross section-based microscopy (optical, UVL, SEM-EDS),
and single-spot spectroscopy. Thus, from 2024 to present, the Imaging Science Laboratory for
Cultural Heritage (ISLa-CH) at the University of Delaware, in collaboration with DelArt, has
led a multi-modal characterization study of Solomon’s works, ranging from works on paper to
paintings on canvas featuring both watercolor and oil-based media. Across five museum collec-
tions and multiple private collections, imaging spectroscopy data was performed on Solomon’s
paintings, with complementary fiber-optic reflectance spectroscopy, portable X-ray fluorescence
spectroscopy, and SEM-EDS on carefully selected microsamples. Presented here are results from
select paintings that provide insight into Solomon’s material choices and techniques derived from
the multi-modal investigation. Furthermore, new clustering and classification algorithms will be
presented to showcase some of the ongoing research towards automated, un-supervised pigment
mapping of historical paintings.
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Reflectance imaging spectroscopy (RIS) and X-ray fluorescence spectroscopy (XRF) are
well-established imaging modalities in cultural heritage science, but exploiting their comple-
mentarity poses a significant challenge. Building on the previous development of an artificial
neural network (ANN) for pigment identification from RIS data alone (Radpour, et al., 2024),
the research presented here aims to automate the identification and mapping of pigments in
paintings by taking into account the complementarity of both RIS and XRF data. A new ANN
presented here is trained and tested on registered RIS and XRF data from well-characterized
illuminated manuscripts. A ground truth training library was assembled from RIS spectra (400
nm - 1000 nm) and XRF element maps collected from The Nativity with the Annunciation
to the Shepherds and Christ and the Virgin Enthroned with Forty Saints by the Master of
the Dominican Effigies, where both leaves are sourced from the Laudario of Sant’Agnese (c.
1340). Two other illuminations from the Laudario were used as test paintings to evaluate the
trained network’s performance: Pentecost by the Master of the Dominican Effigies and Christ in
Majesty with Twelve Apostles from the workshop of Pacino di Bonaguida. The network takes
RIS and XRF data from the same spatial pixels as inputs, and then outputs probability scores
for thirty-two pigment classes identified in the training data. Key updates to the foundational
RIS-only ANN model include multi-class outputs for allowed pigment mixtures and squeeze-and-
excitation blocks that enable the network to learn which feature channels and wavelength bands
are most important in the input data. The accuracy of the resulting RIS/XRF fusion model ad-
dresses the limitations of traditional approaches to pigment identification, namely the time and
human expertise required to manually cross-reference data from different imaging modalities.
By exploring neural architectures that have not yet been exploited in cultural heritage research,
it also provides insights into the most valuable priorities for future research in machine learning
as applied to historical investigation.
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Most cultural heritage objects are three-dimensional, with complex shapes, curved surfaces,
and articulated geometries, whereas many noninvasive imaging systems routinely used in situ
remain optimized for planar or quasi-planar artworks (1-4). This mismatch represents a major
limitation for the investigation of heritage artifacts that cannot be adequately examined us-
ing conventional scanning approaches. In this context, the integration of advanced analytical
techniques with robotics opens new possibilities for the noninvasive study of tangible cultural
heritage, enabling more efficient and comprehensive analysis of even large and geometrically
complex objects.
At ISPC-CNR in Catania, we developed a robotic macro X-ray fluorescence imaging (MA-XRF)
system for the elemental investigation of complex 3D cultural heritage objects. The system was
built by integrating our custom spectrometric head with a robotic platform designed for nonin-
vasive in situ operation. The MA-XRF head incorporates a microfocus Rh-anode X-ray source
coupled with polycapillary optics and a high-throughput detection module composed of six SDDs
operated in parallel and arranged in a compact annular geometry (4-5). This configuration en-
ables sensitive elemental imaging, while preserving the flexibility required for the examination
of large and geometrically complex objects under real operating conditions. The spectrometric
head is mounted on a collaborative anthropomorphic robotic arm, extended with an auxiliary
linear stage, allowing for noninvasive analysis of both articulated 3D objects and large-format 2D
surfaces (e.g., paintings up to 300x120 sq.cm in size) in a single measurement session. The robotic
platform integrates metrological vision, collision-avoidance, and path-planning algorithms. The
intelligent planner embedded in the device analyzes object geometry and optimizes safe scan
trajectories based on environmental feedback, while a 3D digital twin generated from vision
data enables georeferenced acquisition and visualization of the elemental maps.

The robotic MA-XRF system was applied in the full-scale investigation of an Egyptian sar-
cophagus at the Museo Egizio Torino and in the analysis of an iconic painting by Caravaggio
of 380x275 sq.cm dimensions at the Museo Accascina in Messina. Results demonstrate the
analytical capabilities of the system and its potential applications in the analysis of both three-
dimensional objects and large-format surfaces.
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X-ray fluorescence spectroscopy is widely used for the analyses of writing inks. For instance,
the detection of greater amounts of iron in the ink line compared to virgin areas is a reliable
indicator of iron-based inks. The presence of other metals, such as copper or zinc, is even more
instructive, because it enables to conclude that the ink was made with vitriol, a mineralogic
phase generally regarded as melanterite ((Fe,Zn,Cu) SO4 7H2O). Different proportions of these
three metals also indicate different vitriols, and thus different inks (but not necessarily different
recipes).
Iron-based inks exhibit some affinity for water, which can cause some migrations of brown prod-
ucts around the ink line if manuscripts are exposed to moisture or if inappropriate water-based
conservation treatments are applied (1). It has been observed that iron systematically follows
the migration of these brown compounds which seriously compromises long-term preservation of
the support. Conventional solubility testing of the inks proved to be unreliable to assess these
migration risks. An alternative method, the Dutch Mending Test (DMT) was then designed to
evaluate the safety of a water-based treatment instead of the sensitivity of the inks (2-3). It
consists of a mock-up made with bathophenanthroline impregnated Whatman paper stamped
with iron gall ink. Because the paper is not charged, not sized, this mock-up is highly sensitive
to water treatment, and migration of iron is rapidly spotted with pinkish halos forming around
ink lines.
The present study aims to take advantage of XRF mapping techniques to investigate more
deeply how the DMT works. Indeed, this test is largely used in European institutions, but
some questions remain open regarding its sensitivity and side effects possibly provoked by
bathophenanthroline. Moreover, the DMT highlights only migrations of iron while historical
inks often contain copper and zinc which may also migrate, thus impacting future preservation
of the support. Experiments were performed with an XRF scanner (Jetstream, Bruker), capa-
ble to map the surface of paper with a spatial resolution of 50-100 µm. Several declinations
of the DMT were made, with and without bathophenanthroline, and with different proportions
of metals in the inks. Visual pictures obtained on samples, bearing bathophenanthroline and
exposed to moisture, were compared with XRF mappings performed on similar samples, yet
without bathophenanthroline, thus giving a closer insight on the possibilities and limitation of
the DMT.
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The imaging modalities typically used in the technical study of paintings reveal different
but complementary information, although the resulting images vary greatly in their resolution.
Image registration is necessary to align the captured images before they can be more fully
analysed. However, when aligning macro X-ray fluorescence (MA-XRF) image stacks with
visible light images, the variation in the image resolution and content restricts the applicability
of registration methods based on recognising features and linear pixel relationships between a
pair of images. We introduce a resolution-independent method for the registration of technical
images of paintings across modalities. The method uses an implicit neural representation (INR)
with a sinusoidal activation function to determine the optimal spatial transformation while
maintaining the native resolutions of the input images. Unlike existing INR-based approaches
in medical image registration, we use mutual information as the optimisation metric to account
for differences in image content across modalities, with a low-frequency initialisation of the
weights of the network’s first layer to account for the fact that registration for paintings is close
to rigid. The method leverages an INR’s continuous and meshless characteristics to register
across resolutions but also provide sufficient freedom when fitting for image distortions linked to
non-planar artworks. The proposed method is evaluated on visible light images and MA-XRF
element maps acquired at the National Gallery, London.
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The work of Norval Morrisseau (Anishinaabe, 1932–2007), a central figure in the develop-
ment of the Woodland School of Art, has been profoundly impacted by the proliferation of
forgeries that have circulated in the art market for decades. The scale and sophistication of
these works have led to significant legal disputes, raising complex questions around authenticity,
attribution, and the protection of Indigenous cultural heritage.
This study addresses these challenges through the application of non-invasive scientific tech-
niques to distinguish authentic works from suspected forgeries. Analysis includes scanning X-ray
fluorescence (XRF) mapping and reflectance imaging spectroscopy (RIS), alongside comparative
multimodal imaging techniques including infrared reflectography, raking and transmitted light
imaging.

A comparative analytical framework was developed for this study using a corpus of verified
Morrisseau paintings provided by the Estate of Norval Morrisseau alongside works identified
as inauthentic. Through the combination of Scanning XRF, RIS, and multimodal imaging, in-
vestigations were undertaken to see if there are measurable differences in pigment composition,
layering strategies, and spectral signatures between authentic and suspected forged works.

By integrating technical art history with advanced imaging science, this research contributes
to ongoing efforts to establish more robust criteria for authentication. It also underscores the
importance of scientific analysis in supporting legal frameworks and safeguarding the cultural
and economic integrity of Indigenous art.
Ultimately, the study demonstrates the potential of combined non-invasive scientific methodolo-
gies as powerful tools in the forensic examination of contested artworks.
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The multiplication of analytical techniques, which are often complementary, enables a more
comprehensive understanding of the objects under study, particularly when these techniques
are applied in 2D. Nevertheless, the volume of data generated and the difficulty of  analyzing it
holistically make interpretation complex.

As part of the IMAGERIE@NewAGLAE project led by the C2RMF, the feasibility of mul-
timodal combination of IBA analysis techniques was studied and validated. The developed 
methodology presented in (Tazzioli et al., 2024) and (Tazzioli et al., 2025) was subsequently
extended to new analytical techniques, thereby raising fundamental questions.

While the combination of IBA data acquired simultaneously and at identical spatial resolu-
tion is well-established, it becomes more challenging when integrating data from instruments
based on different physical principles and exhibiting heterogeneous spatial and spectral resolu-
tions. This type of fusion poses particular challenges, as each technique is associated with its
own experimental constraints and distinct sensitivity ranges. Even when measurements are per-
formed at the same location, parameters specific to the acquisition conditions, such as the angle
of illumination, the analyzed volume, or the depth of penetration, can lead to significant varia-
tions in the information obtained. How can this spectral data fusion be implemented in practice?

Furthermore, what is the role of optical images: do they facilitate data partitioning, or do
they introduce noise? Do these fusions provide real added value?
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This presentation aims to address these questions through a methodology for the joint fusion
and partitioning of spectroscopic and optical data, based on unsupervised dimension reduction
and partitioning approaches. The relative influence of each modality is evaluated to determine
their actual contribution to data structuring.

This approach was applied to the study of the 17th century stained-glass windows from the
Church of Saint-Étienne-du-Mont, within the FR-STAINED-GLASS project led by the LRMH.
The windows depict various scenes from the old and the new Testaments using enamels and
grisailles painted on glass. Smal scenes were analyzed separately with MA-XRF and 2D-IBA
in order to be compared. The results highlight the conditions under which multimodal fusion
improves the discrimination of the studied areas.
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Portable large-area MA-XRF elemental
imaging scanner with complementary

confocal XRF depth profiling for
non-invasive investigation of painted

artworks
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Non-invasive elemental imaging is a cornerstone of cultural heritage analysis, yet the interpre-
tation of macro X-ray fluorescence (MA-XRF) elemental maps of layered, stratigraphy-complex
artworks such as easel paintings and cave art is often limited. Elemental depth information
is typically obtained through microsampling and subsequent cross-sectional analyses, but such
destructive approaches raise conservation concerns and should be minimized. Achieving non-
invasive, depth-resolved elemental characterization of these heterogeneous strata, however, re-
mains a major analytical challenge. Confocal X-ray fluorescence (CXRF) stands out as one of
the few approaches enabling direct, non-invasive depth-resolved probing (1-3), and can nowa-
days be adapted in a portable configuration.
We present the LouCOMAX prototype, a portable MA-XRF scanner with a hand-carriable
measuring head for large-area, high-resolution elemental mapping (up to 15 x 15 sq.cm areas)
that incorporates automated CXRF 1D depth line scans at locations selected directly from the
two-dimensional (2D) maps. Following the 2D scan, points of interest can be defined in the
acquisition interface and queued for sequential confocal measurements, enabling reproducible
depth profiling across multiple points without moving or changing instruments and allowing
correlated 2D–depth-resolved interpretation across mapped regions.

The system’s hand-carriable measuring head (< 14 kg) operates with a working distance of 5.1
mm, facilitating safe on-site examination of heterogeneous surfaces; typical confocal acquisitions
require 10–20 s dwell time, providing depth-resolved elemental information within timeframes
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compatible with campaigns in museums, heritage institutions, and on archaeological sites. The
instrument architecture and workflow is described as well as its performance with respect to
former home-built devices. The complex evaluation procedure is highlighted by non-invasive
analyses of reference materials, layered paint mock-ups representative of the usual paint stratig-
raphy and an easel painting.
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d’Histoire Naturelle, Université de Versailles Saint-Quentin-en-Yvelines, Centre National de la
Recherche Scientifique, Ministère de la culture – France
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The study of ancient materials often requires correlating elemental, chemical, and structural
information across multiple spatial scales, while preserving the integrity of complex and fragile
objects. In this context, the PUMA beamline (”Photons Used for Ancient Materials”) at the
Synchrotron SOLEIL provides a dedicated environment for the multimodal X-ray analysis of
heritage materials.
PUMA enables the investigation of heterogeneous materials from the micrometre to the cen-
timetre scale by combining complementary techniques such as X-ray fluorescence (XRF), X-ray
absorption (XAS), X-ray diffraction (XRD) and X-ray excited optical luminescence spectroscopy
(XEOL). The microbeam end station provides a spatial resolution of 5 to 10 µm, while the fixed
exit double crystal monochromator offers an energy range from 4 to 23 keV, allowing for rapid
energy switching and efficient multi-edge absorption analysis. In addition, a high-performance
microscope capable of luminescence imaging can be used for XEOL imaging and spectroscopy.
Moreover, PUMA can also be used to carry out tomography with more energetic X-rays (from
20 to 60 keV). The versatility of the beamline makes it appropriate for studies in very different
fields such as heritage science, the environment, planetary or instrumentation sciences.

Continuous mappings make it possible to scan large areas in a reasonable time, to be coupled
with targeted high-resolution analyses, facilitating the identification of local features within com-
plex objects. In addition, homogeneous dispersed areas in large mappings can be highlighted

∗Speaker
†Corresponding author: laurent.tranchant@synchrotron-soleil.fr

77



and clearly characterized using a hierarchical spatial clustering, developed in the IPANEMA
laboratory, even with a very short dwell time. This opens the door to the studies of radiation
sensitive and complex samples.
These specificities are particularly relevant for addressing questions related to material het-
erogeneity, alteration processes, and manufacturing techniques. Applications to a variety of
heritage materials (including fossils, cuneiform tablets, and historical glass beads) will be pre-
sented. These examples demonstrate how multimodal and multi-scale approaches available at
PUMA can reveal previously inaccessible information, such as hidden morphologies, illegible
inscriptions, or compositional variations.
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The painter and his wife (1496) attributed to the Master of Frankfurt is considered as one
of the key works in the collection of the Royal Museum of Fine Arts Antwerp (KMSKA). The
small double portrait is on permanent display and protected under the Masterpiece Decree by
the Flemish government. Despite its prominent position, doubts regarding its authenticity were
recently expressed by a select group of scholars, not least because of an alleged passage in the
restoration studio Jef Van der Veken (JVdV, 1872–1964) – one of the most controversial figures
in Belgian conservation history, infamous for his hyper-restorations (an extreme form of recon-
structive restoration) and forgeries which today can be found in collections worldwide. In an
attempt to elucidate the double portrait’s material authenticity, this study combines archival
research with non-invasive imaging techniques including Macro X-ray Fluorescence (MA-XRF)
and Macro X-ray Powder Diffraction (MA-XRPD) imaging. The results revealed significant
modifications to the sitters’ appearances which are readily attributable to an intervention car-
ried out by Van der Veken in the 1930s. The technical analyses uncovered the presence of
modern overpaints not detectable with the (even trained) naked eye, including chrome-based
pigments and different subtypes of lead white as well as various artificial crack patterns in both
modified and original areas of the painting. While the characteristics are similar to known
hyper-restorations, the relatively limited proportion of the intervention places the painting in
a new category, in between restorations and hyper-restorations. In this way, by using the dou-
ble portrait as our case study, we not only probe the material authenticity of this important
painting but also demonstrated the value of recent chemical imaging techniques integrated with
traditional technical and archival research to review the status of paintings.
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Recent conservation and restoration campaigns on theGhent Altarpiece have drawn widespread
attention by uncovering the remarkable pictorial refinement of Jan and Hubert van Eyck. Nev-
ertheless, some of the work’s most elaborate and less understood elements, the applied brocades
adorning the honor cloths behind the Deity, the Virgin, and John the Baptist, remain the sub-
ject of ongoing investigation. These decorative features were originally created using a complex
gilded tin-relief technique designed to replicate the sheen and texture of opulent silk textiles in-
terwoven with gold thread. These brocades, once one of the most technically ambitious passages
of the ensemble, are today among its most vulnerable components. Having suffered extensive
degradation and repeated historical interventions, the particularly heterogeneous preservation
state across the panels now poses significant conservation challenges while simultaneously offer-
ing a rare opportunity to study this practice.
To address these issues, a non-invasive analytical campaign was undertaken, combining visual
examination (assisted by optical and stereomicroscopy), macro X-ray fluorescence (MA-XRF),
and macro X-ray powder diffraction (MA-XRPD). MA-XRF mapping enabled the differen-
tiation between surviving original materials and later interventions, revealing lead-rich fillers
beneath brocade motifs, losses of tin and gold foils, while identifying restoration materials such
as barium-based pigments vermilion. Evidence of multiple intervention phases, including re-
touching, overpainting, and localized regilding with gold paint, was systematically documented.
Despite the frequent loss of original metal foils, the relief structure was often preserved, under-
scoring the stabilizing role of the filler layers.
Complementary MA-XRPD analysis identified the corrosion products romarchite (SnO) and cas-
siterite (SnO), indicating extensive oxidation of residual tin. While these techniques provided
valuable material and condition insights for the ongoing treatment, their limitations in layer
specificity and chemical sensitivity highlighted the need for integration with micro-analysis of
sample material, which will be addressed in a separate paper. Overall, this study demonstrates
the effectiveness of multimodal, non-invasive imaging for disentangling complex intervention
histories and supporting informed conservation strategies.
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The eighteenth century marked a turning point in colour printmaking, with innovations
such as aquatint, mezzotint, and chalk-and-wash techniques enabling the imitation of drawings,
watercolors, and paintings. Layered printing processes achieved remarkable chromatic effects,
allowing more faithful reproductions of works by great masters, facilitating their dissemination,
and stimulating the art market. Among French printmakers, Louis-Marin Bonnet (1736–1793)
stood out for his significant improvements to the pastel-manner technique, employing a complex
multi-layered method to produce unprecedented visual effects. Although he published aspects of
his method, critical elements, such as ink composition, printing sequences, and tools, remained
secret and poorly understood, making his technique difficult to replicate.
The TUQUE* project aims to rediscover the technical process and the colour composition un-
derlying Bonnet’s production through non-invasive and non-destructive analytical methods on a
selection of representative prints from the Bibliothèque nationale de France (BnF), the Institut
national d’histoire de l’art (INHA) and the Musée du Louvre. For the material characterisation
and the reconstruction of the sequences of his printing operations, a combination of imaging and
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spectroscopic techniques was employed.

Particular emphasis was placed on the integrated use of reflectance imaging spectroscopy (RIS)
and micro-X-ray fluorescence mapping (2D-µXRF). Indeed, while the former was used to provide
information on the spatial distribution of organic and mixed pigments, the latter allowed the
identification o f t he e lemental c omposition o f i norganic p igments. Data f usion was performed
using Data Handler P, enabling the correlation of multimodal datasets and their interpretation
through multivariate statistical analysis. Complementary insights into material distribution and
conservation state were provided by Broadband Multispectral Imaging (BMI) in the visible, ul-
traviolet, and infrared ranges, while point analyses of black and white inks were performed via
Raman and X-ray fluorescence (XRF) s pectroscopies. Finally, optical microscopy allowed the vi-
sualization of microscopic ink deposits for a possible determination of the order of printing layers.

The results illustrate some aspects of Bonnet’s printing strategy and reveal the reconstruction
of his colour palette, contributing to a deeper understanding of the 18th-century printmaking
development.

*This work benefited from State aid managed by the Agence Nationale de la Recherche (French
National Research Agency) under the future investment programme integrated into France 2030,
bearing the reference ANR-17-EURE-0021 - Ecole Universitaire de Recherche Paris Seine– Fon-
dation des sciences du patrimoine”
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Export Wallpapers through MA-XRF and

Reflectance Spectroscopy
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Recent research undertaken at The National Archives (TNA) in collaboration with Brighton
& Hove Museums investigates the material composition and production history of a significant
group of Chinese export wallpapers associated with the Royal Pavilion, Brighton. Using a
multi-modal analytical approach combining micro X-ray fluorescence (MA-XRF) mapping, spot
XRF, and Fibre-Optic Reflectance Spectroscopy (FORS), the project aims to clarify pigment
use, identify later additions, and better understand the complex histories of these highly deco-
rative objects.
MA-XRF and XRF analysis enabled the non-invasive mapping of key inorganic elements across
large wallpaper areas, allowing us to visualise pigment distribution, identify mixtures, and de-
tect compositional anomalies. FORS provided complementary information on organic and mixed
pigments, refining identifications that could not be resolved through XRF alone. Together, these
datasets revealed a rich and varied palette consistent with Chinese production, while also high-
lighting notable departures from expected materials.

In particular, several wallpaper rolls previously considered ”questionable” due to unusual colour
variation and layered construction were confirmed to contain hidden European wallpaper frag-
ments. These were identified through the presence of calcium- and chromium-based pigments
(potentially calcium chromate), materials not characteristic of eighteenth- or early nineteenth-
century Chinese export wallpaper. Their presence strongly suggests later interventions, possibly
relating nineteenth-century reinstallation campaigns.

The study also documented cut-out decorative additions and potential past conservation treat-
ments, visible through localised elemental inconsistencies and distinct spectral signatures. The
volume of data generated, including thousands of spectra and multiple MA-XRF maps, pro-
vides a robust foundation for continued comparative analysis and new development of novel
data treatment tools.
This multi-technique approach not only enhances understanding of the wallpapers’ material
complexity and global trade context but also demonstrates the value of integrating MA-XRF
with complementary imaging and spectroscopic methods in the study of composite heritage
materials.
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IRIS (Integrated Registration & Imaging System) has been developed as an open source,
graphical user interface (GUI) application for the automated registration and mosaicking of el-
emental distribution maps obtained from MA-XRF scanning of artworks. IRIS allows the user
to implement the area-based image registration method, based on an unique, optimised trans-
formation that provides the highest average mutual information identified with consensus across
all images in the stack.(1,2)
Since the initial prototype was presented at the 2024 X-ray Fluorescence Imaging and Reflectance
Imaging Spectroscopy Conference, IRIS has been developed and extended as a standalone soft-
ware product, enabling the user to open, visualise and inspect the images to align in a dynamic
environment, provide initial parameters such as location, scale and rotation of the images, and
compare them to one another before instructing the software to run the registration algorithm.
IRIS also provides the user with a ”curtain-viewer” style tool to enhance the comparison of the
images prior to running the registration - as well as providing the possibility of un-doing actions
(i.e. to revert parameters assigned to the images to align), granting the user a confident, robust
experience. By presenting the IRIS software it is hoped to recruit a group of people willing to
test the software so that it can be released as a publicly available tool for the heritage sector.
IRIS is licensed as an Open Source Software, under the GNU Affero General Public License
v3.0 - please refer to the license for full details.
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Micro-X-ray fluorescence (µXRF) is a vital non-destructive analytical technology for cultural
heritage research, enabling the acquisition of surface elemental distribution of relics. Macro-X-
ray fluorescence (MA-XRF) specializes in large-area elemental mapping via XRF, and the use
of µXRF instruments for MA-XRF scanning has grown common in the cultural heritage field.
However, most existing MA-XRF systems are only designed for flat-surface detection, gener-
ating merely 2D planar elemental mapping images, which makes accurate elemental analysis
of curved-surface relics- a common feature in heritage conservation and archaeology- extremely
challenging.
To address this issue, our team developed a novel robotic arm-driven surface-adaptive µXRF
system, with initial results published in 2024. Its core advantage is maintaining a fixed working
distance and consistent X-ray incident angle during full relic scanning. The system supports
multi-mode curved-surface detection (horizontal/vertical scanning) and 360◦ circular scanning
for cylindrical or irregular curved relics, and can reconstruct and display relic surface elemen-
tal distribution as point clouds, breaking the planar mapping limitation of traditional MA-XRF.

This system has achieved remarkable application results in cultural heritage research, with sce-
narios including surface state analysis of gold and silver inlaid bronze artifacts, high-precision
investigation of decorative patterns on sticker-covered enamel cylinders, non-destructive exami-
nation of painted layers on lacquer and wooden relics, and in-situ elemental composition analysis
of pottery and porcelain surfaces. The analytical results have provided important technical sup-
port and research insights for cultural heritage conservation and archaeological work.
To boost portability, operational flexibility and application scope, we have completed a com-
prehensive upgrade and optimization of the system. The new-generation system features a
highly integrated miniaturized design, with volume and weight reduced to two-thirds of the
original prototype. A key structural improvement is the separate configuration of the robotic
arm and sample stage, which enables vertical lifting and 360◦ rotation of the stage, greatly
enhancing adaptability for detecting relics of various sizes and shapes. Currently, we focus on
multi-technology integration, exploring the combination of the µXRF system with complemen-
tary analytical technologies such as multispectral imaging to achieve synchronous multimodal
data acquisition. This is expected to realize fully non-invasive in-situ comprehensive analysis of
cultural relics, providing a more comprehensive technical solution for cultural heritage research
and conservation.
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The Value of Inverse Compton X-Ray
Sources for Cultural Heritage Analysis:

First Results from Smart*Light
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X-ray–based methods enable non-destructive, depth-sensitive investigations of cultural her-
itage objects-an essential requirement for the study of unique and fragile artworks. The most
informative X-ray techniques, such as XANES or XRD imaging, K-edge imaging and phase
contrast radiography, are limited to synchrotron (SR) sources as they require tunable, coherent,
monochromatic primary radiation of high intensity. Ex periments at SR sources require trans-
porting fragile objects-often prohibited for conservation reasons-and are further constrained by
limited and competitive beamtime.
Inverse Compton Scattering X-Ray sources (ICS) promise to bridge the gap between X-ray
tubes and SR sources by developing compact sources that can be installed in a museum’s cellar,
minimizing the need for transporting delicate artifacts and maximizing accessibility for cultural
heritage research.

One ICS recently developed at the TU Eindhoven is Smart*Light. Making use of a linear
accelerator it constitutes a pulsed, coherent X-ray source with freely tunable ”pink (ca. 1%
∆E/E)” radiation.
A number of early proof of principle experiments have been executed at Smart*Light, making
use of its radiation for differential XRF, i.e. two measurements with different primary energies
to gain depth sensitivity, and absorption measurements that complement MA-XRF measure-
ments. These measurements illustrate the transformative potential of Inverse Compton Sources
to bring synchrotron-like, energy-selective X-ray experiments into accessible laboratory and
museum-scale environments.
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During the restoration of the 17th-century painting entitled ‘The Presentation of the Rosary
to Saint Simon Stock and Saint Teresa of Ávila’, housed in the Church of Saint-Nicolas in
Bonneuil-les-Eaux (Oise, France), motifs visible through the paint to the naked eye were ob-
served, suggesting the existence of an earlier work concealed beneath this oil painting on a
wooden panel. In order to reveal this underlying composition, several imaging analysis tech-
niques were employed: scanning macro-X-ray fluorescence spectrometry (MA-XRF), multispec-
tral photography, and hyperspectral imaging. Combining the data from these different tech-
niques has brought to light a portrait of a horseman standing before his mount beneath the
depiction of the Presentation of the Rosary. Additionally, the chemical composition data col-
lected by MA-XRF has provided further insight into the materials of the two superimposed
paintings and to formulate hypotheses regarding certain colour tones in the underlying painting.
This paper will focus in particular on presenting several elements of the composition relating to
the horseman’s clothing, the ornamentation of the saddlecloth and the coat of arms appearing
on the shield, which has also been revealed. These details provide clues regarding the origin of
the hidden work and the identity of its subject, while suggesting a stylistic date in the early
seventeenth century.
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Two landscapes signed ”Corot”: a
restoration supported by MA-XRF imaging

Kinga Brückman De Renstrom ∗† 1, Marta Lempart-Geratowska‡ 1, Maria
Goryl§ 1

1 Jan Matejko Academy of Fine Arts in Kraków – Poland

The presentation will focus on the technical examination and conservation of two oil-on-
canvas landscapes attributed to Jean-Baptiste-Camille Corot, held in the collection of the Wawel
Royal Castle in Kraków: Landscape, 1850–1860(?) referred to as Painting A, and Landscape –
Pond in Ville d’Avray (?), 1850–1875(?) referred to as Painting B.
Prior to conservation the artworks were photographed in UV and IR lighting, underwent X-
ray, Portable XRF and Macro X-ray Fluorescence (MA-XRF) imaging, and samples were taken
for SEM-EDX and FT-IR analysis. As sampling was restricted, non-invasive methods became
all the more important. The MA-XRF maps were achieved using Bruker’s M6 JETSTREAM
equipped with a rhodium anode and an SDD detector.

The technological structure of the artworks was found to be typical of the period and consis-
tent with Corot’s preferences-commercial canvas supports primed with lead ground, fine dense
weaves, and high-quality pigments such as cobalt blue, viridian and emerald greens, antimony
and chrome yellows, and vermilion. A subtle but consistent presence of nickel was detected
across Painting A, closely matching the distribution of cobalt, possibly pointing to the use of a
deeper cobalt blue pigment.

Some MA-XRF elemental maps highlighted individual brushstrokes, revealing characteristics
of the artist’s style, often more clearly than optical examination alone. High-resolution scans
of small areas also proved useful in the examination of signatures, where non-invasive methods
are crucial. This technique also helped in distinguishing overpaint from the original paint layer.
Those aspects play a vital role when it comes to questions of authenticity.

During the conservation process, the edges and corners of Painting A were reinforced with-
out removing it from its stretcher. As for Painting B, a linen canvas strip lining (”frame”)
was added, and overpaint and retouching were removed, revealing a colour palette closer to the
work’s initial appearance.

Thanks to the results of technical analysis (MA-XRF, P-XRF, SEM-EDX, FT-IR, X-ray, UV-
IFP and IRR) the creation process of each artwork was reconstructed, from the canvas to the
varnish layer. This approach helped with informed decision-making during the conservation and
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allowed to address some issues concerning the authorship.

The project was conducted as a master’s thesis under the supervision of prof. Marta Lempart-
Geratowska at the Faculty of Conservation and Restoration of Works of Art at the Jan Matejko
Academy in Kraków. Material analysis was performed by the Department of Conservation
Chemistry and Physics of the Faculty, led by prof. Maria Goryl.
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Combining marked white and MA-XRF for
gilded woodworks restoration
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In restoration, traceability is a fundamental principle that ensures transparency in the
restoration process while preserving the historical and artistic integrity of the work. Since
2012, the gilded woodwork restoration workshop of the Center for Research and Restoration of
the Museums of France (C2RMF) has been developing a new technical approach that makes it
possible to distinguish restored surfaces from original ones.
Gilded wood surfaces are prepared using white primer layers known as apprêts et gros blanc in
French. This process removes any imperfections to ensure a solid base for the gilding. In the
restoration of gilded wood, the most common forms of deterioration are caused by dehydration,
material degradation, and loss of cohesion. These defects, which can sometimes be quite signif-
icant, prevent the surface from appearing uniform and require the gilding to be reapplied.

The ”Marked Primer” research project, launched by the C2RMF gilding workshop and led
by Stéphanie Courtier, aims to develop a restoration protocol that incorporates a chemical
marker, titanium dioxide (TiO) in rutile form, into the white preparation. This marked mate-
rial addresses the challenges of conserving and restoring heritage works by meeting three criteria:
natural and environmentally friendly, not altering the physical properties of the pigment, pre-
serving the techniques used by gilders and heritage conservators.
The restoration of Louis XVIII’s throne room elements on display in the Department of Deco-
rative Arts at the Louvre Museum comprising four candelabra, two armchairs, a folding screen,
and a fire screen was entrusted to the gilded woodwork restoration workshop between 2022 and
2024. Since some of the carved sections were incomplete and/or severely damaged, they had to
be reconstructed. MA-XRF mapping of Ti of the entire surface using the MITHRA equipment
allowed to identify the presence of marked primer and so to distinguish the restored surface from
the original gilding.
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Multimodal Self-Supervised Learning for
Cultural Heritage: Integrating XRF and

Hyperspectral Imaging

Sofiane Daimellah ∗† 1, Clotilde Boust‡ 2, Sylvie Le Hégarat-Mascle 1
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France
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The characterization of pigments is a central task in heritage science because it provides es-
sential evidence for the history and preservation of artworks. Researchers commonly use X-ray
Fluorescence (XRF) and Hyperspectral Imaging (HSI) to study these materials. However, these
techniques often provide incomplete information when used in isolation. For example, elemental
analysis through X-ray fluorescence cannot always distinguish between different pigments that
share the same chemical elements. Similarly, hyperspectral data can be difficult to interpret
when pigments are mixed or present similar spectral signatures.
This work introduces a multimodal deep learning model that combines both data sources into
a single analytical framework. The goal is to improve pigment identification and quantitative
unmixing by leveraging the strengths of both modalities simultaneously. The model is built
using a Transformer architecture, which is more suitable for capturing the global dependencies
present in both types of spectra data (XRF and HSI) compared to standard Convolutional Neu-
ral Networks (CNNs), which are generally limited to local patterns and struggle to have a global
understanding of a given modality. Additionally, the model addresses the scarcity of annotated
datasets within the heritage science domain via Self-Supervised Learning (SSL). This process
involves multiple pretext tasks that allow the model to learn the underlying structure of each
modality without needing manual labels. These tasks are designed to model both the individual
characteristics of the spectra and the complex interactions between elemental and optical signals.

The effectiveness of this approach is validated through tests on synthetic spectral datasets and
physical mockup panels that represent common historical pigment mixtures. By moving beyond
local feature analysis to a global and multimodal perspective, this research provides a more
reliable method for the automated mapping of pigments on complex polychrome surfaces.
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Creating a Multimodal Imaging Platform
for Artworks

Nina Eckertz ∗† 1, Yoko Arteaga 1, Jon Yngve Hardeberg 1

1 Norwegian University of Science and Technology (NTNU) – Norway

Multimodal imaging campaigns in cultural heritage increasingly combine techniques such as
hyperspectral imaging (HSI), X-ray fluorescence (XRF), and complementary modalities to sup-
port conservation, storage, and display through a holistic understanding of an artwork’s materi-
ality. These campaigns generate heterogeneous datasets, each requiring dedicated methodology
and software, e.g., datamuncher for XRF or Prediktera for HSI, alongside custom scripting for
object-specific tasks or methods, e.g., deep learning. While data management solutions such
as Conservation Studio address the gathering and updating of conservation documentation, the
surrounding imaging workflow, including loading, registering, annotating, and jointly exploring
multimodal data, remains fragmented and lacks unified management and visualisation infras-
tructure.
This work presents SpectraPaint, a multimodal imaging platform designed to address this infras-
tructure and visualisation gap. The platform provides a structured environment for managing
multimodal imaging datasets, interactively exploring HSI data through linked spatial and spec-
tral visualisations, and supporting annotation workflows that connect regions of interest to ana-
lytical findings. Visualisations produced in external specialist software can be loaded alongside
imaging data, supporting integrated inspection without requiring data migration. The platform
follows a micro-kernel-based architecture and a structured data layer covering HSI cubes, RGB
images, MA-XRF map visualisations, metadata, and annotations, separating data management
from analysis concerns and enabling integration with existing tools rather than replacing them.

Platform requirements were grounded in a structured online survey of 82 practitioners, including,
e.g., conservators and imaging scientists, investigating imaging workflows, software usage, and
practitioner needs. The survey revealed considerable heterogeneity across participant groups
in terms of technical background and available resources. While users rated current software
as generally sufficient, reported pain points included technological entry barriers, lack of stan-
dardisation across tools and workflows, and insufficient computational resources. These findings
motivated a platform design that prioritises accessibility and interoperability over the assump-
tion of specialist technical knowledge.
The system is demonstrated through case studies on Edvard Munch’s Old Man in Warnemünde
and Chinese woodblock prints, illustrating how SpectraPaint supports the planning, annotation,
and documentation stages of a multimodal imaging workflow. Current capabilities, known lim-
itations, and directions for extending multimodal support to additional data types, including
MA-XRF, are discussed. The platform source code is made available on GitHub.
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Virtual simulation of the original
appearance of oil paintings containing

altered smalt
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The alteration of the smalt, a blue pigment based on a potash glass (K) ground rich in cobalt
(Co), contained in pictorial layers is one of the most common factors affecting e asel paintings
dating from the 16th and 17th centuries. The physicochemical mechanism of alteration is rela-
tively well understood, and the key factors are well identified. This phenomenon of discoloration
in the areas rich in smalt significantly a lters t he appearance o f t he p aintings. As a  r esult, the
interpretation of the represented narrative as well as the information regarding the artist’s in-
tentions may be distorted. Since the alteration of the pigment is not reversible, restoring the
original color of the altered artworks cannot be done with traditional methods.
In our previous research, we developed a workflow for numerical simulation of the original color
of paintings, which incorporates various non-invasive analyses of the artworks, the evaluation
of their preservation state, and a reference data set based on artificially a ged model samples.
This procedure involves data fusion and reduction (e.g. k-means) as well as machine learning
methods (e.g. neural networks). The proof of concept was established on two ancient paintings
(1-2).

Here we present a refined a pproach o f o ur i nitial m ethod t o s imulate t he c olor o f t he paint-
ings more accurately. To achieve this, improved data processing algorithms, larger data sets
of reference models, and other physico-chemical criteria for assessing the progress of smalt al-
teration were used. This methodological improvement is exemplified o n t he smalt containing
ancient copy of the Mona Lisa painting (Inv. no. 2013.0.46) held in the Musée départemental
d’art ancien et contemporain d’Epinal, France.

The use of new tools and the highly interdisciplinary nature of this project enhances the re-
sponses we can provide to conservation and restoration issues.
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Hyperspectral imaging coupled with 3D
recording as a tool for the preventive
conservation of historic residences

Julie Fromager ∗ 1, Löıc Martinez 1, Vincent Gauthier 1, Danilo Forleo 2,
Stéphane Serfaty 1

1 Laboratoire SATIE - UMR8029 – Université de Cergy-Pontoise – France
2 Domaine de versailles – l’Établissement public de Versailles (EPV) – France

In the context of climate change, castle museums are facing the challenges posed by rapid
weather fluctuations which can lead, for example, to the sudden deterioration of murals or
tapestries. It therefore seems necessary to enhance the existing tools for monitoring and measur-
ing early signs of deterioration with new, state-of-the-art multidimensional analysis instruments
to serve as a decision-support system for preventive conservation strategies. To this end, a sys-
tem combining hyperspectral imaging (HSI)-covering both the visible and short-wave infrared
spectra-with 3D LiDAR scans was implemented at the Palace of Versailles, in the Queen’s Bed-
room and the Mercury Salon, for seasonal measurements. A sample of representative elements
was first selected for each room using the EPICO (European Protocol In preventive COnserva-
tion) method, then closely monitored over the course of the seasons for more in-depth analysis.
Once per season, three sets of data are collected for each designated artwork: visible, infrared,
and 3D data. This allows us to track their changes based on their nature and weather conditions.
To date, four seasons have already been covered: summer (July 2025), fall (November 2025),
and winter (February 2026), and spring (May 2026). The goal is to identify the links between
these environmental measurements and the condition of the objects in situ; a comprehensive and
individualized understanding of how these objects evolve is necessary to hope to understand the
cause-and-effect relationships. The scientific challenge is to create a three-dimensional map of
the physical characteristics of spaces and objects and to monitor them, from the molecular to
the structural scale. This HyperPICO project is supported and funded by the Fondation des
Sciences du Patrimoine. The new gonio-hyperspectral system, consisting of two cameras cover-
ing the 400–1700 nm spectrum (VIS-SWIR) and a LiDAR for geospatial information, is funded
as part of the Equipex+ Espadon.
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blue calcined archaeological bone:
multi-analytical imaging approach
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2 Travaux et recherches archéologiques sur les cultures, les espaces et les sociétés – École des Hautes
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Thermally altered archaeological bone occassionally exhibits a distinctive blue coloration
developed during high-temperature exposure (calcination, > 550-700 ◦C). This coloration has
been attributed to the presence of Mn(V+) in the form of oxo-anions, a rare and typically un-
stable manganese species that achieves stability within the apatitic bone mineral matrix in trace
amounts (1). Understanding the distribution, oxidation state, and coordination environment of
manganese in these specimens requires a multi-analytical approach combining bulk and spatially
resolved techniques.

The proper identification and characterization of these bones is particularily of interest by the
archaeological community, as blue calcined bone is found in Middle Paleolithic Pleistocene con-
texts associated with Neanderthal fire features. Contextualizing Neanderthal fire using behaviors
is crucial for better understanding the evolutionary role of fire, and blue calcined bones represent
bones which were previously diagenetically altered prior to thermal alteration. Therefore, such
fragments can support waste mangament hypotheses, can indicate the presence of fire features
built over previosuly buried material, or represent fuel strategies.

Here we present Synchrotron-induced micro-X-ray fluorescence imaging alongside complemen-
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tary micro-X-ray Absorption Near Edge Structure (XANES) analyses at the Mn K edge carried 
out at the PUMA beamline of the SOLEIL synchrotron of blue calcined bone from archaeological 
contexts in Southwest France (approximately 100 ka). Micro-XRF imaging allows for spatially 
resolved maps of Mn across the bone surface, allowing us to characterize the relationship be-
tween Mn distribution and blue coloration. Micro-XANES at Mn edge further allows to relate 
the blue coloration to a specific Mn speciation.

This multi-analytical framework offers a reproducible methodology for identifying burning state, 
i.e. fresh versus diagenetically altered bone, within archaeological assemblages, with broader im-
plications for the taphonomic interpretation of thermally altered fauna.

Reference

(1) Reiche et al. From mastodon ivory to gemstone: The origin of turquoise color in odontolite, 
American Mineralogist (2001) 86, 1519–1524.
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Zooming into Christoforos Savva’s colors
and brushstrokes: multi-modal non-invasive
analysis of seven artworks from 1957 to 1967

Pengxiao Hao ∗† 1, Ropertos Georgiou 1, Andreas Manoli 1, Andriana
Nikolaidou 1, Nikolas Bakirtzis 1

1 Andreas Pittas Art Characterization Lab, Science and Technology in Archaeology and Culture
Research Center, The Cyprus Institute – Cyprus

The present study traces unknown aspects of the materiality of the work of Christoforos
Savva, with a particular focus on the application of multi-modal non-invasive analysis to look
into the colors and techniques of the 20th-century Cypriot artist.

Savva (1924-1968) is considered a pioneer and leading figure in modern Cypriot art. Raised
in the green plains and forested mountains of Cyprus, he studied art at Heatherley’s School in
the UK and the Atelier André Lhote in France. Experiences shaped his artistic outlook; his
paintings are characterized by rich palettes, balanced geometric compositions, and exploratory
uses of materials. Studies of Savva’s work have been conducted exclusively through art historical
lenses. Technical analyses, therefore, offer tremendous possibilities for closer looks at Savva’s
painting techniques, deconstruction of his process, and a better understanding of his interests,
influences, and perspectives.

The challenges in studying the materiality of modern paintings through non-invasive analy-
sis largely relate to the contemporary introduction of synthetic pigments and industrial paints;
a single tube may contain multiple chemical components, and the composition is often brand-
dependent. In Savva’s case, the lack of documentation of his material resources, his cross-country
experiences, the fluctuating financial situation throughout his career, and his experimental style
of using pigments further complicate the material analysis. In response, this study aims to
explore and frame the methodological potential of multi-modal non-invasive analysis for iden-
tifying pigments and painting techniques of artists such as Savva, specifically in the context of
20th-century modern art.

As such, the study focuses on seven paintings of Christoforos Savva dating from 1957 to 1967,
through multi-modal non-invasive characterization and interdisciplinary analysis. The project
was possible with the permission and collaboration of the A. G. Leventis Gallery and the Leventis
Municipal Museum in Nicosia, Cyprus. MA-XRF and technical imaging techniques (visible dif-
fuse and raking light photography, ultraviolet-induced fluorescence imaging, infrared reflected
and transmitted imaging, infrared false-color imaging) are applied to map Savva’s palettes,
brushworks, underdrawings, and adjustments. Image segmentation is applied to the multi-
modal data to decode the colors created by mixing and layering pigments. Technical findings
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provide analytical data that enhances understanding of Savva’s painting process, zooming into
his experimental and imaginative combinations of pigments and brushstroke textures. Being the
first systematic attempt to map the material aspects of the work of modern Cypriot artists, the
study showcases the potential and limitations of current non-invasive analytical approaches and
contributes to future developments in the field.
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The present study investigates the underlying pictorial phases in Greek Orthodox icons, pri-
marily using Macro X-ray Fluorescence (MA-XRF) imaging to visualize concealed compositions.
Historically, the repainting of icons was a multifactorial practice-shaped by economic, aesthetic,
theological, and political factors-encompassing ”sacred” material reuse, image restoration, and
adaptation to new cultic or cultural contexts (1). While MA-XRF enables non-invasive ele-
mental mapping, visualizing hidden layers remains inherently selective, depending on the X-ray
fluorescence transition-energy contrast between successive layers, X-ray penetration, and the
artwork’s stratigraphy. Consequently, MA-XRF alone cannot resolve all pictorial phases. Ac-
curate interpretation of data requires careful management of the analytical techniques used,
integrating pigment and painting materials knowledge, XRF imaging, complementary imaging
techniques such as X-ray radiography, X-ray tomography, multispectral reflectance, and other
complementary non-destructive testing (NDT) techniques (2). Ultimately, this study under-
scores the necessity of an interdisciplinary framework that integrates materials science with
art-historical inquiry and project management to reconstruct the complex history of these sa-
cred objects. References

(1) Seeking the Unseen: A Multimodal Non-Invasive Investigation of a Post-Byzantine Over-
painted Icon, (2025), Nikolaidou, N. V., Asvestas, A., Kaminari, A. A., Panou, T., Sampatakos,
A., Anagnostopoulos, D. F., Alexopoulou, A. G., & Mastrotheodoros, G. P. Heritage, 8(9), 377,
https://doi.org/10.3390/heritage8090377.

(2) Scanning Micro X-ray Fluorescence and Multispectral Imaging Fusion: A Case Study on
Postage Stamps, T. Gerodimos, I.V. Patakiouta, V.M. Papadakis, D. Exarchos, A. Asves-
tas, G. Kenanakis, T.E. Matikas, D.F. Anagnostopoulos, J. Imaging 2024, Vol. 10, Page 95,
https://doi.org/10.3390/JIMAGING10040095.
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Classifying medieval stained glass with
portable XRF: a comparative approach
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Portable X-ray fluorescence (pXRF) is widely used for the onsite analysis of stained glass,
allowing the rapid collection of large compositional datasets. Its semi-quantitative character and
sensitivity to surface alteration, however, raise important questions when these data are used
for provenance studies.
This study presents a set of comparative case studies on medieval stained glass, including the
14th-century windows of Königsfelden (Switzerland). Among the materials considered, potash
glass provides a particularly relevant example for pXRF application. The pXRF results are
compared with results obtained by laboratory-based techniques, in particular LA-ICP-MS, in
order to evaluate the reliability and limits of the different approaches.
The comparison highlights systematic differences between methods, but also strong consistencies
in compositional groupings. When combined with a reference dataset of well-provenanced glass
and explored through statistical and machine learning approaches, pXRF data can be used to
assign samples to compositional groups and by extension their likely origin.
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The glazed tile revetment of the Dome of the Rock (Jerusalem) represents one of the most
significant yet understudied ceramic ensembles of the Islamic world.
Installed during the 16th century and repeatedly restored, dismantled, and replaced until the
20th century, the tiles reflect a complex stratigraphy of materials and technologies that remains
difficult to reconstruct due to extensive interventions and the scarcity of archaeometric data.
This study presents a systematic XRF-based investigation of six façade tiles (belonging to two
distinct decorative sets) removed during the 1960s restoration campaign and currently held in
a private collection.
The analytical approach combines portable X-ray fluorescence (pXRF) for semi-quantitative
compositional analysis with macro X-ray fluorescence (MA-XRF) scanning to visualize the spa-
tial distribution of key elements across the glazed surfaces.
The integration of point-based and imaging XRF data provides a comprehensive framework for
the interpretation of technologically complex, multilayered glaze systems. pXRF results indicate
that the glazes belong to a lead–alkali silicate system, with PbO contents ranging from ca. 13
to 30 wt.%, associated with moderate CaO and KO concentrations.
This compositional pattern is consistent with Islamic and Ottoman glaze technologies, although
significant variability is observed both within and between the two decorative sets analyzed.
MA-XRF mapping proves particularly effective in resolving the spatial organization of chro-
mophore elements (Co, Cu, Fe, Mn), allowing the differentiation between pigment-bearing areas
and overlying transparent glaze layers, and highlighting the superposition of decorative features
inherent to the underglaze technique. The combined XRF dataset reveals a broadly shared
technological framework alongside compositional divergences that may reflect differences in raw
material procurement, glaze recipes, and production or restoration phases.
In particular, variations in cobalt-associated elements suggest the possible use of distinct colourants
sources, while differences in PbO and CaO contents point to non-standardized production prac-
tices. Overall, this work demonstrates the potential of integrated XRF methodologies for the
non-invasive investigation of Islamic glazed ceramics, emphasizing the added value of MA-XRF
imaging in the interpretation of chemically and structurally complex decorative surfaces. The
results contribute to broadening the still limited archaeometric knowledge of the Dome of the
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Rock tiles and provide a methodological reference for the study of similarly complex architectural
ceramic assemblages.
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1, Lucile Brunel Duverger 1, Laurence Clivet 1, Laurence De Viguerie 4,

Yannick Vandenberghe 1

1 Centre de recherche et de restauration des musées de France – Ministère de la Culture et de la
Communication, Centre National de la Recherche Scientifique – France

2 Fondation des sciences du patrimoine – Fondation des sciences du patrimoine – France
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Illuminated cards are prestigious objects that have rarely been examined using non-invasive
archaeometric methods. The identification of their materiality is crucial for understanding the
history of these rare artworks, of which only a limited number have survived. In this study,
pigments, inks, paper supports, and manufacturing techniques of eight illuminated tarot cards
produced in Italy around 1435–1440, from the Rothschild collection of the Musée du Louvre (1)
were investigated.
Previous studies have examined the Milanese cards of the Visconti di Modrone tarot (c. 1441–
1442, Yale University) and the Visconti-Sforza tarot (c. 1456–1458, Morgan Library). The
present research focuses on a corpus of Florentine cards attributed to the workshop of Giovanni
del Ponte (2), whichare considered among the earliest surviving European tarot decks (3).

An initial macroscopic assessment of pigments, inks and dyes was conducted by means of imaging
techniques (Infrared and ultraviolet false-color imaging). Following these initial observations,
reflectance imaging spectroscopy (RIS), 2D X-ray fluorescence (2D-XRF), Raman spectroscopy,
and X-ray diffraction (XRD) were conducted, enabling a more precise identification of coloring
materials.

Two processing strategies were applied to the RIS and XRF-2D data cubes, aiming at eval-
uating the complementarity and limitations of both strategies. On one hand, a sequence of
data fusion, dimensionality reduction, and clustering were applied to RIS and XRF-2D data
cubes, using DataHandlerP software (4). On the other hand, traditional RIS and XRF-2D data
processing methods using RESONON and PyMCA (5) software were applied.
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This work also aims to establish a robust methodological framework for the study of illumi-
nated tarot cards, providing new insights into the materials, techniques, and workshop practices
of 15th-century Italian production.
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graphiques, Musée du Louvre. https://collections.louvre.fr/ark:/53355/cl020518871

(2) TED. ”The Morgan Library & Museum: Tarocchi Virtual Study Day Session 2”. Youtube
video, 57:47 minutes published on June 21th of 2022.

https://youtu.be/60SzKOJ80kM?si=CA3c28ZdlmY7ptq9
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Martin Toys are one of the flagship collections of the Musée des Arts et Métiers (Paris,
France). Small painted tinplate automatons depicting a variety of characters, these toys provide
a true glimpse into French society in the late 19th and early 20th centuries. A previous study
investigated degradation phenomena in painted metal systems, mainly on large outdoor indus-
trial objects (1). Our research, for its part, focuses on characterising the paints formulation of
these toys (pigments, fillers and binders). Thanks to their well-documented historical context
and wide colour palette, this collection offers the opportunity to study the distinctive features
of paints used in Paris at that time through a complementary multi-technique and multi-scale
approach.
First, ten micro-samples were collected and prepared as cross-sections. Microscopic observations
using an optical microscope and a scanning electron microscope were conducted to examine the
stratigraphy of the paint layers, the granulometry of pigments and fillers, and the interface be-
tween the paint and the metal support. On the one hand, Raman spectroscopy and infrared
spectroscopy (FTIR) were performed, allowing structural information at a specific point. On the
other hand, techniques involving synchrotron radiation such as X-ray fluorescence spectroscopy
mapping in FLYSCAN mode (2D-XRF) and X-ray Absorption Near Edge Structure (XANES)
were carried out to access detailed elementary composition at the sample scale and the local
structure of selected element. A wide range of pigments and fillers has been identified, providing
insight into the characteristics of paints available in Paris at that time. Moreover, stratigraphic
analysis reveals information about the painting techniques adopted, as well as the intricate use
of pigments and fillers to achieve certain effects and colours (such as skin tones), which is quite
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similar to those employed in fine art painting.

Furthermore, the representativeness of the characteristics observed in samples was assessed
though examinations and non-invasive analyses carried out in situ on a wider range of objects
from the same collection. Digital microscopy, portable XRF, Raman and FTIR were performed,
enabling to identification of both a certain homogeneity in composition within each colour and
some recurring use of specific pigments or fillers. Combining these two approaches also makes
it possible to assess the contributions of data obtained from in situ measurements with those
obtained through sampling.
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The use of gold leaf is a hallmark of post-Byzantine icons, serving not only as a decorative
element for backgrounds and halos but also as a symbol of divine glory (1). Measuring its pla-
nar dimensions and thickness is crucial for understanding historical craftsmanship and guiding
conservation efforts. This study employs macro-X-ray Fluorescence imaging (MA-XRF) as the
primary non-invasive analytical tool, enabling detailed elemental mapping and objective segmen-
tation of heterogeneous gilded surfaces. Spectral clustering of MA-XRF datasets identified dis-
tinct spatial zones within layered gold-leaf structures, addressing challenges such as non-uniform
coverage and overlapping applications (2). Leaf thickness was evaluated using two complemen-
tary XRF-based approaches: (i) emission mode, correlating Au Lα fluorescence intensity with
gold-layer thickness, and (ii) absorption mode, assessing attenuation of substrate-emitted pho-
tons passing through the gold layer. A realistic mock-up replicating historical Byzantine gilding
techniques validated the methodology. Application of this framework to post-Byzantine icons
case studies consistently indicates a single-leaf thickness of approximately 100 nm (3), while vari-
ations in planar dimensions reveal distinct workshop practices, which occasionally show notable
deviations from contemporary Western European gilding practices. This integrated MA-XRF
framework provides robust quantitative insight into both the thickness and the spatial extent
of gold leaves, contributing significantly to the technological study and preservation of post-
Byzantine icons. Finally, to extend the methodology beyond the laboratory, the imaging results
were correlated with point analyses from a portable XRF (pXRF) spectrometer, offering a ro-
bust strategy for on-site artifact analysis.
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Colour alteration and pigment degradation are among the most critical processes affect-
ing the long-term preservation of pictorial artworks. Their investigation traditionally relies on
micro invasive analytical techniques capable of providing detailed chemical, molecular, and struc-
tural information on degradation products (1), (2). However, due to the ethical and practical
constraints associated with sampling cultural heritage objects, achieving a comprehensive and
spatially resolved investigation of degradation processes directly on authentic artworks remains
a significant scientific challenge (3). To address this issue, a novel non-invasive X-ray-driven ap-
proach was established through the combined use of mobile X-ray imaging techniques developed
at the XRAYLab of ISPC-CNR in Catania. The analytical workflow integrates macroscopic and
microscopic X-ray fluorescence imaging (MA-XRF and micro-XRF) (4),(5) three-dimensional
depth-resolved analysis via confocal micro-XRF (CXRF) (5), and macroscopic X-ray powder
diffraction (MA-XRPD) for crystalline phase identification. The synergistic application of these
techniques was validated through controlled artificial ageing of pictorial mock-ups and through
the analysis of original masterpieces within the framework of the MOLAB platform of the
E-RIHS infrastructure. The integrated methodology enabled the identification and spatial map-
ping of degradation phenomena affecting pigments such as orpiment, realgar, cinnabar, smalt,
lead white, and silver gilding, both in artificially aged mock-ups and in real case studies. In
particular, the combined use of these techniques allowed discrimination between primary pig-
ments and secondary alteration products, and the reconstruction of transformation pathways
within multilayered systems. This integrated approach goes beyond the simple juxtaposition of
separate analytical datasets, enabling the resolution of structural and compositional features of
the examined objects and mock-ups, and providing insights into the processes responsible for
material alteration. References
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The study of historical manuscripts requires non-invasive analytical approaches capable of 
accurately characterizing their constituent materials. In this context, X-ray fluorescence (1)
(XRF) and complementary imaging techniques, particularly reflectance imaging spectroscopy 
(2) (RIS), provide critical information on the composition and spatial distribution of pigments. 
This work presents the combined application of portable XRF and RIS to the analysis of several 
medieval manuscripts from la Grande Chartreuse. The results reported here were obtained on 
the first volume (out of four) of the so-called Grosse Bible de Chartreuse and the associated 
homiliary, both dated to the late 12th century. XRF and DRX analyses enabled elemental 
characterization across the illuminations, facilitating the identification of several inorganic pig-
ments. In parallel, RIS provided complementary spectral information, particularly useful for 
discriminating optically similar materials and for identifying organic compounds or complex 
mixtures. The multimodal approach implemented here allowed not only the identification of 
various pigments used in the manuscript (such as cinnabar, lapis lazuli or lead white), but also 
the detection of pigment mixtures and variations in pictorial techniques. These results are very 
different from those obtained during the previous study on another Bible, the so-called Notre 
Dame de Casalibus (mss.1,8,3), written in the same monastery and dating from the beginning of 
the 12th century. Only a few decades separate these manuscripts, but the palette and the way 
in which the colors were used by the decorators and copyists indicate a break in the techniques 
and materials used.
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The Museu Picasso in Barcelona houses an exceptional collection of Picasso’s early academic
small painting panels, a rare ensemble of late nineteenth-century artworks that offers valuable
insight into the training Pablo Picasso received during his formative years in La Coruña, Málaga,
Madrid, Horta de Sant Joan, and Barcelona. These wooden study panels, donated by the artist,
demonstrate his mastery of academic techniques and discipline, and the foundations of his later
artistic language.
The aim of this study is to conduct a preliminary imaging analysis of a selected group of panels
using non-invasive multiband imaging techniques, in order to evaluate each piece individually
by examining its distinct characteristics, while also considering all results collectively to identify
trends in Picasso’s working methods and materials during this early period.

To achieve this, a total of 11 small panels measuring approximately 10×15 cm are presented.
Their systematic study has been carried out using non-invasive imaging techniques covering
the full UV–VIS–NIR range through a sequential protocol combining illumination and radia-
tion sources and filters. Multiband imaging (MBI) was performed, including ultraviolet-induced
visible luminescence (UVL), visible light reflectance imaging (VIS), raking light imaging (RL),
reflected infrared imaging (IR), ultraviolet-induced infrared luminescence (UVIL), reflected ul-
traviolet imaging (UVR), and infrared and ultraviolet false-color imaging (IRFC, UVFC). This
approach was complemented with digital microscopes for micromultiband imaging (µMBI), in-
cluding primarily µVIS and, more selectively, µUVL, µRL, and µIR. This combination of tech-
niques has made it possible to gain a deeper understanding of Picasso’s working methods, the
spectral behavior of some pigments used, and the conservation state of the panels.

The research was organized using comparative tables, diagrams, and image-based resources
to identify recurring trends in his artistic practice. All observations are considered from a global
perspective of the collection, allowing individual findings to be contextualized within broader
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artistic and material trends.
Finally, this study constitutes a fundamental starting point for the analysis of Picasso’s early pe-
riod, focusing on his panel paintings, which have not been studied to date, and highlighting the
importance of image analysis techniques applied both individually and systematically across the
works to identify trends in his expressive resources and use of materials, as well as to establish
a framework for future research campaigns. This approach allows for a better understanding of
his creative process during this period, before his encounter with Catalan modernism, thereby
providing essential insights to understand his expressive evolution and the development of the
later Picasso.
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d’Histoire Naturelle, Université de Versailles Saint-Quentin-en-Yvelines, Centre National de la

Recherche Scientifique, Ministère de la culture – France
2 Institute of Earth Science Université de Lausanne – Switzerland

3 Biogéosciences [UMR 6282] – Ecole Pratique des Hautes Etudes, Centre National de la Recherche
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The study of natural collections provides a unique window into present/past environmental
interactions and the chemical transformations of materials, offering critical insights to current
challenges on climate and biodiversity changes. Advances in analytical techniques have signifi-
cantly improved the characterization of the physico-chemical processes governing the transfor-
mation of minerals, (bio)molecules, and polymers over historical and geological times.
Among the wide range of laboratory- and synchrotron-based methods, luminescence techniques
have long played an important role in the investigation of fossilized systems. Over the past
decade, IPANEMA has developed a suite of luminescence-based spectroscopic and imaging ap-
proaches designed to reveal specific chemical contrasts and resolve their spatial distribution,
allowing the heterogeneity of transformed materials to be interpreted as a meaningful source
of information. Operating in multi- and hyperspectral configurations, these methods deliver
complementary information at multiple levels, from global chemical mapping to the detection
of low-abundance species and advanced characterization of chemical composition in fossilized
systems across a range of temporal and spatial scales.
These developments have led to the optimization of both laboratory and portable instruments,
enabling, for example, improved detection of residual ancient biochromes in fossilized gastropods,
the characterization of transformed chlorophyll derivatives in palaeobotanical specimens, the
identification of traces of bacterial activity in diagenetically-transformed microbialites, and the
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investigation of trace rare-earth element incorporation in apatite-based fossils. These develop-
ments have also enabled the transfer of the techniques to other fields, including the study of
modern biological systems, modern paintings and ethnological objects.
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This paper will present the preliminary results of the non-invasive, multi-modal investigation
of a small number of 17th- and 18th-century Indian paintings on paper. It provides an opportu-
nity to compare the early imperial style with that of a Mughal province, and to gain information
on the materiality of these complex objects, on which very limited comparable literature exists
(1, 2).

The 17th-century paintings belong to a Padshahnamah manuscript painted c. 1635–50 at Shah
Jahan’s court for his Mughal imperial library, sent as a diplomatic gift to King George III in
1798 and preserved in the Royal Library, Windsor Castle, as part of the Royal Collection. The
18th-century paintings originate probably from the Murshidabad court and were brought to
Scotland in 1766 by Archibald Swinton (1731–1804) when he returned home after a career in
the East India Company. These are part of a larger group of paintings today in the collections
of National Museums Scotland.

The paintings were investigated using X-ray fluorescence mapping (MA-XRF) and Fibre Optics
Reflectance Spectroscopy (FORS). Two MA-XRF set-ups were used: a Bruker M6 polycapillary
system and a Bruker CRONO collimated system. The reflectance data were obtained using a
Spectral Evolution PSR+ 3500 spectroradiometer, and an ASD FieldSpec4 spectroradiometer,
both measuring over the visible to short-wave infrared wavelength range (350-2500 nm). Where
possible, the paintings were also imaged using infrared, UV and X-ray technology.

Initial results reveal the extensive use of a range of metals and an overall similarity in palette,
which in most cases includes red lead, vermillion, Indian yellow, as well as organic pink colourants.
Different green hues were obtained by mixing indigo with a yellow pigment, and with a range of
copper-based minerals.

This work provides an opportunity to compare information obtained in different laboratory
setups for cross-institutional collaborative work on Indian paintings and explores the potential
that these materials insights have to tell us more about the multi-cultural societies which pro-
duced these small-scale masterpieces.
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Non-invasive XRF elemental imaging has transformed the study of painted planar artworks
(1,2). Yet medieval polychrome wooden sculpture remains largely understudied. Strong curva-
ture and three-dimensionality, large sizes, occlusions, difficult access in museums and churches,
and heterogeneous substrates and coatings routinely challenge analytical approaches developed
for flat geometry, while sampling is most times unacceptable (3).
Within the ERC-funded POLYCHROME project (2024–29), we are developing a fully mo-
bile, non-invasive workflow that will be systematically applied to c. 150 polychrome sculptures
across Scandinavia. The approach combines digital X-ray radiography (XRR), VIS/UV imaging,
structured-light 3D scanning, 1D/2D portable X-ray fluorescence (pXRF), and 2D/3D optical
microscopy (OM). Object-wide visual observation, VIS/UV and XRR imaging reveal rapid in-
formation on internal structures, damage, repairs, and surface interventions, providing the basis
for targeted site-selective 1D/2D XRF and microscopic investigation.

This contribution focuses on the acquisition, correction, and three-dimensional contextualization
of elemental maps obtained on complex sculptural surfaces. The XRF system is characterized
using NIST SRM 610 and 612 glass standards, and the maps are corrected for working-distance-
related intensity variations using the Ar Kα signal, following the approach proposed by Alfeld
et al. (4). Corrected elemental maps are then registered and projected onto textured models
acquired by structured-light scanning. Using RIS3D, a system developed by POLYCHROME’s
project partner (Archeovision Bordeaux), the maps and their associated analytical metadata can
be anchored directly to the three-dimensional surface of the sculpture and examined together
with other technical-imaging results.

We demonstrate the established approach, analytical strategies and improvements on case-study
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sculptures from POLYCHROME’s first field campaigns (Oslo, Visby, Tromsø, Maribo), support-
ing new interpretations of original polychromy, later interventions, damage, repair, and restora-
tion in Scandinavia.

Acknowledgments : POLYCHROME, ERC Consolidator Grant, ID No.101125383

References

(1) F.P. Romano et al., JAAS, 2017.

(2) M. Alfeld and L. de Viguerie, Spectro. Part B, 2017.

(3) N. Streeton et al., editors. Sacred Medieval Objects and Their Afterlives in Scandinavia.
Brill, 2024.

(4) M. Alfeld, V. Gonzalez and A. van Loon. XRS, 2020.

(5) B. Dutailly, J.C. Portais, X. Granier, ACM Journal on Computing and Cultural Heritage,
2023

123



The use of MA-XRF and multiband imaging
for the investigation of the enamel plates of

the Viennese Imperial Crown

Katharina Uhlir ∗† 1, Nikoletta Sárfi 1, Martina Griesser 1,
 Teresa Lamers 1

1 Kunsthistorisches Museum Wien – Austria

The research project ”CROWN” (2022 – 2024)(i) focused on the study of the history, ma-
teriality, technology and state of preservation of the Imperial Crown, kept in the collections of
the Imperial Treasury in Vienna. The inter-disciplinary research, a collaboration of historians
and art-historians, conservators and scientists, involved the use of a wide variety of methods and
approaches. Special interest was paid on the investigation of the four enamelled gold plates of
the crown. Within this study, applying only portable and non-destructive methods, MA-XRF
and multiband imaging were used along with more conventional methods for enamel analysis, i.e.
µ-XRF, FORS and µ-Raman and a basic technological investigation using a 3-D microscope.
The µ-XRF investigations resulted in semi-quantitative glass compositions of the 11 enamel
colours, identifying most of the chemical characteristics. The MA-XRF scans assisted in retrac-
ing the elemental characteristics of the areas covered by the 11 enamel colours, but especially
helped in localising special phenomena. With multiband imaging further valuable information
could be gained, i.e. showing inhomogeneities neither visible with 3-D microscopy or MA-XRF
scans. FORS helped in the detection of the colouring agents and particular colouring techniques
used, whereas Raman investigations mainly showed information on the opacifiers used.

This poster focuses on the contribution of MA-XRF and multiband imaging. For example,
the MA-XRF lead map shows the distribution of the two lead containing enamels, but also all
areas where a so-called ”brown mass”, which is present on all four plates, can be located. This
material appears to be always very lead-rich, however its composition cannot be interpreted
without doubt by now. Also, later additions on one plate, made with a very lead-rich enamel,
can be identified. As the green additions on this plate are made of two different enamels with a
rather similar appearance, the lead map helps to distinguish the two different types, o ne lead-
rich, the other not. Moreover, with the iron map the localisation of another extraneous material, a
kind of ”grey mass”, on one of the plates is possible. Additionally, a potassium-rich film, prob-
ably organic, could be visualized on one plate. Multiband imaging enables the documentation of
an object under different spectral ranges, revealing material characteristics and surface features
that are not visible under standard illumination. Due to a lack of comparable investigations on
enamels and glasses, it was more of an innovative approach in our research, showing
interesting visual effects that are not all completely understood so f ar. Nevertheless, the
inhomogeneity of the enamels can be visualized, explaining the mean variation of the XRF

measurements.
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Studio Rubens @KMSKA: Complete
MA-XRF Imaging of a Monumental
Altarpiece by Peter Paul Rubens
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Beltran 2, Andrea Marchetti 2

1 ARCHES Research Group, University of Antwerp – Belgium
2 AXIS Research Group, University of Antwerp – Belgium

3 Royal Museum of Fine Arts Antwerp (KMSKA) – Belgium

Peter Paul Rubens (1577–1640) was a leading figure of the Flemish Baroque, renowned for his
dynamic compositions, monumental altarpieces and extensive workshop. His large-scale paint-
ings, often produced through a combination of masterful execution and studio collaboration,
present both art historical and material complexity. Although there has been material-technical
analysis on Rubens’ oeuvre, systematic information regarding the use of pigments, layer buildup
and transfer methods remains lacking for monumental paintings. This study addresses this gap
through the application of macro X-ray fluorescence (MA-XRF) imaging on two major works
within the ”Studio Rubens” project of the Royal museum of Fine Arts Antwerp (KMSKA, 2023–
2027): The Adoration of the Magi (1624) and The Enthroned Madonna adored by Saints (1628).
Both sizeable paintings were created shortly after one another and received extensive restoration
treatment at the time of the scanning campaign, allowing complimentary cross-section analysis.
Furthermore, recent large-scale MA-XRF imaging campaigns, particularly on The Night Watch
(Rembrandt, 1642), have demonstrated the potential of MA-XRF for the non-invasive study of
complex, monumental paintings (1).
The Adoration of the Magi (4.47 m x 3.36 m) is the first monumental altarpiece by Rubens
that was entirely scanned using MA-XRF imaging. This dataset, acquired through 48 in situ
scans over a three-month campaign and covering approximately 15 m2, provides high-resolution,
non-invasive maps of the elemental distributions across the full composition. Direct compari-
son with MA-XRF results from The Enthroned Madonna Adored by Saints exposes significant
differences in transfer and revision strategies, pointing to variability in workshop practice even
among contemporaneous large-scale commissions.

To refine material identification and address specific degradation phenomena, the MA-XRF cam-
paign was complemented by targeted macroscopic X-ray powder diffraction (MA-XRPD) and
hyperspectral imaging (VIS 400–1000 nm; UV–VIS-induced fluorescence, MOLAB/E-RIHS).
These techniques support the identification of vermilion degradation products, allow for the
differentiation between ultramarine and other blue pigments, and the characterization of both
altered and preserved red glazes.
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Celia Olivero ∗ 1, Chiya Nishimura 2, Tomoki Aoyama 2, Shunsuke
Murata 2

1 Horiba France SAS – Horiba France SAS, HORIBA France S.A.S – France
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Ougi-e is one of the traditional Japanese paintings on folding fans, which started in the
Heian period (794–1185) and continued through the Edo period (1603–1868). Some pieces are
highly valuable because of their rarity, while others are less valuable due to mass production.
However, identifying the production period is often difficult, because many of these paintings
were produced over long periods and many of the painters did not include their signatures or
the production dates on their artworks.
Pigment identification helps reveal the historical context. Certain pigments were used only dur-
ing specific periods, so detection of such pigments allows production estimation of traditional
Japanese paintings.

In this study, we analyzed an Ougi-e painting using a micro-XRF with a larger chamber than
usual (XGT-9000SL, HORIBA. Ltd.) to estimate its production period.
The micro-XRF imaging results provide the following findings about the Ougi-e painting linking
colors identification of pigments from the elements detected and their proportion by intensity
variation.
Through the results presented, Micro-XRF is confirmed to be an effective method for pigment
identification thanks to its imaging capability, micro-spot size, and non-destructive nature since
these paintings have fine and complex pigment distributions and layered structures.

∗Speaker
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