Ph. Walter *

J. CGastaing™
B.:Moignard -

Th. Guillou* ; oa y
L. Pichon .
J. Salomon

*= CNRS

»
| g
p | T 4 \
- ‘,‘*'-' ). '”ﬁ” ool » oy M;

’S :fg‘.v j'-l //;

Impact of the IBA techniques on the s?udy of
cultural heritage materials
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- How to extract a particle beam to atmosphere

- lon Beam Analysis

- Evolution of our external beam setup

- Sequential PIXE/RBS with successive beams of protons
and alphas:

- Simultaneous PIXE/RBS with a single shot of o particles:

- Some new improvements

- Future prospects

But before going to IBA I would like to present you a
500 year old lady: Mona Lisa
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79,4cm x 53,4 cm x 13 mm. painting on a wooden poplar panel
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X-ray radiography
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X-ray radiography
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11,9 cm long crack stable since
1933 (first radiography)




UV fluorescence photography Shows the restorations

o ATRRESTIEIIN. S AT e O o NN T ame

R - e

fét.ﬁ’Pro jecﬁ/‘éfj /mpacf (1 956 ),

Restorations




We start to penetrate inside the paint
layer: more details are seen !
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Infrared photography 900 nm
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Infrared reflectography 1000 to 2200 nm  ‘Pentimento’ of the painter
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The carbon black from the under |
drawings absorbes, while the paint
layers ref/ecf the IR light.
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Emissiography polychromatic X-ray spectrum Eg, < 290 kV; 4 mA; 2 min




X-ray radiography versus Emissiography
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XRF (X-Ray Fluorescence spectrometry) :

Portable X-ray fluorescence spectrometer for elemental analysis

X-ray tube from MOXTEK
Silver anode ; 3 W power
SDD from Rontec
with a resolution of 150 eV

XRF — Mona Lisa pigments:

Due to absorption, below Si
there is no XRF signal for low Z

elements

rtable XRFspectrometer and its comparison to PIXE methods.
P. Walter.

ivres d'Art, Gallimard [2006]
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Portable combined XRD/XRF:
structural analysis of works of art.
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RD: structural analysis of works o
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Applications of IBA to cultural heritage mostly rely on the use of

- high sensitivity down to trace elements
- ease of implementation at atmospheric pressure

However the poor depth information, of this technique, is a strong limitation
frequently of primary importance in art works having multilayer structure

like paintings, glazed ceramics, patinated bronzes, etc..

can provide detailed depth information, but cannot readily be
Implemented in air due to potential beam deterioration by energy loss.

We have progressively developed setups that permit to combine PIXE and
RBS / under the best conditions with one / or two external beam(s).
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The high voltage generator

EC machine (pelletron) :6SDH-2 tandem model
terminal voltage with a turbo pumped gas stripper

Pelletron Charging System
(Positive configuration shown)

50 kv PS Charging Chain meral Terminal Shell

Inductor pellets, nylon links s‘ l Suppressor =
o eriiiﬁiiﬁi-‘&ii%i:ﬁi?i? Seksl
‘ % Drive pulley i/

Suppressor

50 kV PS

Charging
Current
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A beam of charged particles propagating in air:
the externd@beam

Benefits

* direct analysis of artefacts
any shape and any size

* no sampling

* no charging, no preparation

* no heating, reduced damage

* easy sample positioning

* 120-mm air path for 3-MeV p
* thin exit foil




Detail of the extraction snout

57 mm

UoRoRIXS WWieag

Collimator: beam only sees the window, not the frame

XRays and backscattered
particles from the
beam/window interaction

\ <«——— Diaphragm
/ Detector only
Sees the window

XRay Detector
or SB detector
attached to the

Memb. De Si3N4 nozzle
Memb. surf: 1 mm2

Memb. thickness: 100 nm
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Energy : 3 MeV
after a 2.5 mm path in He Intensity : ~ 2 nA
®min ~ 12 pm o Integrated dose : 0.25 uC ( no damage )

3 MeV proton u-beam extracted to helium atmosphere through a

silicon nitride membrane
. Memb. area: 1 mm2 Memb. thickness: 100 nm
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Ton Beam Analysis

echniques constitute a powerful fool for the
ion of the composition and structure of
matter




Camera for
positioning

Low energy
Si(Li) Xray det.
equipped
with deflection §
magnet / 0.2
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. « nozz
with Si;N,
window
mounted

The dose:
PIN diode Peltier
cooled detector

" PIXE mode
( routine analysis



PIXE in art and archeology

PIXE is applied to the stucdy of provenance and / or fabrication
technique for major, minor and trace elerment analysis

(field of application)
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BABYLONE

du 14 mars au 2 juin 2008

> Flash version

> Html version




SB detector under vacuum
In a small housing

Solid angle adjustable
With Si;N, membrane as entrance
Positioning XYZ stage

Fixed angle at 150°
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Combined PIXE-RBS protons and/or alphas

( old version )
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Experiments on ceramics

Study of lustered ceramics from Seville. A. Polverinos (University Seville,
Spain). Lustered sherds from a Triana workshop, 15th century.

Combination of PIXE (3 MeV p) and RBS (3 MeV Hee
measure composition and thickness of glaze and lustre




What is lustre ?

of the glaze with a metallic aspect
ours

ic (Cu, Ag) nano particles

’ Lustre layer of Cu or Ag nanc
Glaze (SnO, = opacity pigments)




al proton PIXE spectrum from
tered ceramics (Spain)
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——B.E. signal
——H.E. signal

-The glaze contains approximately 30% of PbO and10% 0
SnoO, .
-Presence of Cu and some Ag responsible for red lustre:




lickness evaluation from alpha RBS
Spectra (Italy)
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RBS Lustre layer models:

Gubbio Gubbio Modern

Red Gold Gold
Y Ay 1-

o AJ

1.5 % Cu

1. Layer 1.Laier .Laier

2% Ag

Glaze

2.7 % Ag
1.5% Cu

1% Ag
1.5 % Cu

0.2 % Ag
1.5 % Cu

CUENRRRSNERLNSE

The modern gold is a contemporary
production following recips from
the 9 century (mesopotamia).

Glaze



reflection from the surface layer;
ttered from tin-opacified glaze.

Incident light
. . gAY ' a— Layer of silver
2 particles
1\/% 0.5 & <+=Tin-opacified

glaze



Main conclusions on lustres

»RBS provides the detailed description of the sub-surface
egion.

a non destructif methode.
e of lustre is related to its origine

ed by a thin glaze (100-200 nm) layer

and simpler than Italian
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zone utilisée (polie)
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Combined PIXE / RBS on the patina of
a drop dispenser

Japanese, shakudo decorated, drop dispenser (19 century)
first known black bronzes (patina): Egypt 2500 BC
first Japanese Shakudo (patina): 14 century

Due to their well adapted range, 6 MeV «a particles are
simultaneously profile (RBS) and quantify (PIXE) the artificial
patina.




Combined PIXE / RBS on the patina of a drop dispenser
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cu K lines . .
Cu pile-up line
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6 MeV o particle PIXE shows Cu content with a few % of £

.

6 MeV o particles probe mostly the patina as well in Pixe mode as
in RBS mode, 3 MeV protons probe mostly the bulk material.



ombined PIXE / RBS on the patina of a drop dispenser

Energy [keV]
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6 MeV « particle RBS shows Au, Ag, Cu and O content.

.

6 MeV « patrticles probe well the patina and show the

altered copper surface (Cu,0O)



Diffraction diagram of the shakudo patina

Cu,0 is red but the presence in this oxide of some Au and
or Ag (solution or nano crystals) changes the color to
ack ! => signature of a shakudo.

Shakudo Compte aouttes

ite (patina)
material)
make the Shakudo alloy)
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Sample interface ~

Confocal system
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Technical details
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Combined PIXE-RBS protons and/or alphas
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-The development of a sophisticated external beam setup has permitted
to implement simultaneously or sequentially PIXE(PIGE) and RBS.

-The setup is currently under improvement to permit simultaneous NRA
measurement (depth profiles of light elements via d or 3He induced
nuclear reactions) in addition to PIXE and RBS (by using a sectorised
annular detector).

- 3He PIXE should even be more advantageous than 4He PIXE.

-The coupling of these techniques provides a wealth of information on
cultural heritage objects, not easily attainable with any other single
method.

-Although XRF (specially on synchrotron radiation facilities) can be
subsituted to PIXE for trace element analysis, PIXE (and thus the whole
set of IBA techniques) remains attractive because it can be
complemented by PIGE for the measurements of light elements in the
bulk material and RBS+NRA for depth profiling.




Thank you for youh attention ..




