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IPNAS Research

• Fundamental physics: 
– Beam-foil spectroscopy
– Cold atoms
– Ionisation by charged particles and non-Rutherford 

diffusion cross section measurements
• Applied physics:

– Ion Beam Analysis
– Thin Layer Activation
– Irradiation test
– Cultural Heritage analysis
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Introduction - IPNAS  / SANA

–SANA Atomic and Nuclear Spectroscopy, 
Archaeometry 

–Accelerators:

–2  «oldies»   Van  De  Graaff1  Cyclotron  
with variable energy    

–Access to an extended range of particle/
energy to characterize/irradiate 
materials: materials for energy production, 
Cultural Heritage objects, industrial 
applications (Thin Layer Activation) 

4

Accelerator Particles Energy 
range

VDG I - 2 MV
H+,D,He+,  
Metallic 

Ions, Li, Ne,  
0.3- 2 MeV

VDG II - 2,5 MV
H+,D, 4He+, 

4He++

0.3 - 2.5 MeV 

0.3-4.5 MeV

CGR-MeV  
AVF Cyclotron

H+, 
D, 

4He+, 3He+

2.5- 22 MeV 
4- 20MeV 

5.5- 22 MeV
2 MV-VanDeGraaff-BF CGR MeV520- AVF Cyclotron - TLA, IBA&M

2.5 MV-VanDeGraaff-IBA&M

VDG I - 2 MV
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IBA at IPNAS

• Long history of IBA
• Applications in biology, thin films, 

polymers, geology, Cultural 
Heritage,…
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✤ 2 vacuum chambers on 2.5MV van de 
Graaff (RBS and multi-analysis)

✤ 4 beamlines on cyclotron (archaeometry, 
cross section measurements, irradiation, 
thin layer activation)
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TLA (Thin Layer Activation)

Typical reactions
       56Fe(p,n)56Co      (T1/2 = 77 days) 
       48Ti(d,2n)48V    (T1/2 = 16 days)    
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TLA (Thin Layer Activation)

• Direct measurement
� (precision ~ 0.1 �m)
• Indirect measurement in the oil
� (precision�~ 0.01 �m)
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 M. Scherge, K. Pölmann, A. Gervé, Wear 254 (2003) 801-817
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IPNAS IBA atmospheric setup
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Archaeometry center

• Funded in 2002, now part of the Research Unit Art, 
Archéologie et Patrimoine

• Analytical methods available: Ion Beam Analysis, SEM, 
Raman, FT-IR, XRF, IR reflectography, X-ray imaging, 
dendrochronology, 3D imaging...

• Expertise
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Recent projects

• Analysis of Modern and Contemporary art paintings by 
Magritte, Picasso, Ensor, Chagall, Sam Francis, Otto 
Dix, Gauguin,…

• Roman wall-paintings
• Cave painting project (Font de Gaume)
• Medieval glass and tesserae production
• Modern pigment degradation
• Medieval manuscript degradation
• Polyurethane for outdoor sculptures
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Cross section measurements

• Beamline for cross section 
measurements by 3-20 
MeV proton and alpha

• Beam energy resolution of 
1 keV

• Energy measured by TOF 
system

• X-ray production cross 
sections for high energy 
PIXE

• Non-Rutherford diffusion 
cross sections
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σtandard
Chamber
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Introduction - CSL

12

• Centre Spatial de Liège (CSL) : Applied research center (spin-
off) from Liège University specialized in conception and 
testing of space instruments

• Environment Testing for European Space Agency (ESA), 
space companies (Thales, Airbus,OHB, RUAG....) and 
regional firms (AMOS,TechSpaceAero, TNO)

• 100 scientists

• Expertise   Electronics, Signal treatment, Metrology, Laser, 
Optics, Cryogeny, Vacuum

Laboratory of Micro&Nano Surface Engineering 
Optical, thermal and mechanical tests under space 
environment

• Equipements

Coating techniques and surface Engineering system
Optical techniques surface characterization

TROPOMI - Sentinel 5P 
- test cyclage Thermique 
& sous Vide

mailto:gregoire.chene@ulg.ac.be
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focal3

integration dans focal5

focal6,5focal5

focal1.

focal2
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PontVibrant

Test optique

TROOPOMI in Focal 6,5
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Collaboration between SANA/CSL 

13

Quantitative  analysis  of  materials: 
thickness  control,  reproductibility,  reverse 
engineering … of optical coatings

IBA...  IBMM...  

*

Irradiation test platform : 
H+ from 100 keV to 22 MeV   
e- ?? ... conversion of VDG-I to produce  e-  
beams

∥

Primary radiation environment :  Boudenot et al. RADECS 1999Charge particles of interest

Accelerator Particles Energy range Current 
range

Beam size

VDG I - 2 MV
H+,D,He+,  

Metallic Ions, 
Li, Ne,  

0,5- 2 MeV x x

VDG II - 2,5 MV
H+,D, 4He+, 

4He++

0,1 - 2,5 MeV 

0,5-4,5 MeV

0,1 nA - 1 
µA

0,4 mm - 6 
cm

CGR-MeV  
AVF Cyclotron

H+, 
D, 

4He++, 3He++

2,5- 22 MeV 
4- 20MeV 

5,5- 22 MeV

0,3 nA -  
100 µA

0,8 mm - 12 
cm

Provenance Particles Energy range Flux

Radiation ring 
250km< H< 80 000 km

H+  

e-

<qq. 100 MeV 
(dont 99% <10MeV) 

<7 MeV 
(dont 99% <2 MeV)

10 - 106  cm-2 s-1 

10-2  - 107  cm-2 s-1

Solar wind
H+, 
e- 

4He++

<100 keV 
<qq keV 

108  - 1010  cm-2 s-1

Cyclic solar eruption 
 (10 years)

H+, 
4He++ 

ions lourds

10 MeV- 1 GeV 

10 MeV à qq 100 MeV

 1010  cm-2 s-1 

∾102  - 103  cm-2 s-1

Cosmic ray
H+,87% 

4He++  12% 
IONS LOURDS 1%

10 2 - 106MeV 
Fortes énergies 

1-1014 MeV

 1  cm-2 s-1  100 MeV 

10-4  cm-2 s-1 106MeV

* *VDG I - 2 MV

VDG II- 2,5 MV

CYCLOTRON AVF

Challenge: how to attain these objectives with QA, ISO criteria used by Space agencies

Aim :  Produce charge particle beams characteristics of space radiation environment    
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Challenge: how to attain these objectives with QA, ISO criteria used by Space agencies

Altitude & mission duration

Orbite Duration Altitude Inclinaison Longitude λ 

LEO (Low Earth Orbit) 7 ans  800 km 60° λ (t)
GEO (GEOstationnaire) 18 ans 35786 km 0° 36°

Aim :  Produce charge particle beams characteristics of space radiation environment    
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Constrain  1:  reduction & monitoring of molecular contamination

•New pumping groups

•Integration of cold traps in the vacuum chambers

• New connections and vacuum feedthroughs

• Systematic cleaning procedure at each opening

• Use  of  contamination  witnesses  before  and  during 
irradiation and analysis by FTIR (labo QA - CSL) following 
protocol described in  «Space product assurance - ECSS-Q-
ST-70-05C»

Contamination sources defined in «Space product assurance - ECSS-Q-ST-70-05C»
• Back-streaming from pumping
• Outgassing  products during vacuum integration
• Cleaning products residues
• Handling residues (e.g. human grease). 
• Unfiltered external pollution

☹

✌

✌

✌

✌
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Constrain  1:  reduction & monitoring of molecular contamination

HYDROCARBURE (2925 cm-1) ESTER (1735 cm-1) METHL SILICONES PHENYL SILICONES

Absorbance 0,0014 0,0024 / 0,0017

Background 0,0001 / / /

Results (x 10-7 g.cm2) < 0,2 0,3 / 0,4

Absorbance 0,0003 0,0004 / /

Background 0,0001 / / /

Results (x 10-7 g.cm2) < 0,2 / / /

Before After
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Constraint  2:   Control, Traceability & Monitoring :T(°C), Log(.txt)  (.xls)

Standards CSL

• T,P measurement and T control 

• Low beam current (nA) and total 
dose measurements (<5%)

• Logs files .txt

• Deliverable  .xls

I

date;hour;P;T1;T2;I
date;hour;P;T1;T2;I
date;hour;P;T1;T2;I
date;hour;P;T1;T2;I
date;hour;P;T1;T2;I

Thermal bridge between cold trap/
sample holder and  heating system
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Cyclo Beam Line 4a - CSL I chamber  //   VDG II - Beam Line 30° - CSL chamber I

Q-5-1

SW2

LN OUT

+80V DC

OUTPUT
SIGNALS

LN IN

Secondary Electron Supressor Stainless Steel Tube at +80V

Beam Defining Collimator Aluminium 

Beam Homogenizer Aluminium Foil 20 microns 

Retractable Luminescent Alumina Al2O3 : Cr, no beam

Camera CCD 1 no beam

Description : CSL Beam Line, CSL Vacuum Irradiation Chamber, Vacuum Temperature & Fluence control 

Fig. 2 Set-Up Description 

Primary Pump Agilent Tech. SH110 DryScrollPump

Turbo Molecular Secondary Pump Pfeiffer HiPace 80

Full Range Vacuum Gauge Pfeiffer Compact Full Range

Remise à l’air Zeolite Molecular Sieve & Dry Nitrogen

Camera CCD 2 no beam

 Thermocontrolled Sample Holder Aluminium Bulk + 2 PT1OO

Liquid Nitrogen Cold Trap Copper Bulk / no beam

Internal Faraday Cup Copper Coated Thick Copper Coating 

Thermal Bridge LNCT-SH Copper , no beam

cyclotron «CSL Beam Line» 
H+ @ 10 MeV (S4UVN) , 20 MeV (Sider) 

use of Al foil as beam homogeneizer 
«CSL Cyclo Chamber» 

LN Cold Trap & I, T, P  control and log (S4UVN)

VDG «CSL Beam Line» 
H+ @ 595 keV / 100 keV on target(S4UVN)  
use of Al foil as beam homogenizer 
«CSL VDG Chamber» 
LN Cold Trap & I, T, P  control and log (S4UVN)

Data Processing Results Summary

Blank: S1_08-55min irradiation 14/07/2015   
                    

Activité résiduelle le 15/07 (après 22h de 
décroissance):  

385 kBq de Co55,  
900 Bq  de Co57,  
500 Bq de Co58, 
560 kBq de Cu64
                    
Activité résiduelle le 10/08 (après 25 jours 
(env.600h) de décroissance)): 

inf LOD de Co55,  
900 Bq de Co57, 
500 Bq de Co58, 
inf LOD de Cu64  

Conclusions 

- Identification du Co55 confirmée par 
AM#2

- «Confinement/Cooling» time evaluation to 
allow release for Safe Transport and Visual 
Inspection @ CSL facility: 
evaluated : 4 - 5 x ( T1/2 (Co55) ) = 70-90hrs

Fig. 1  AM#1,2 gamma spectra and RN quantification summary
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SIDER project: test of shielding materials 

18

• Spatial hardware: use of Al as radiation shielding as well as container 
• Replace Al by composite materials with better weight/mechanical properties 
• Graphite/epoxy composites: 

– at equal mass, composites attenuate 30 à 40% less than Al  
– at equal attenuation,  composites are 30 to 40% thicker than Al  

• Optimization 
– Z to add to attain similar shielding with minimal mass 
– Quantity to add; 
– Position in composite/enveloppe  
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Nanomaterials 

Doped resin Buckypaper  

Tec4 (30% wt nW/0.5% wt CNT)  CNT/W 6/94  

Integration of Foils 

Different foils 
(steel, W) 

Various surface 
treatments (grit 

blasting, etching…) 

Materials for composite shieldings 
MTM44 epoxy from  ACG  
fibres M40J 

SIDER project: test of shielding materials 
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Nanomaterials 

Doped resin Buckypaper  

Tec4 (30% wt nW/0.5% wt CNT)  CNT/W 6/94  

Integration of Foils 

Different foils 
(steel, W) 

Various surface 
treatments (grit 

blasting, etching…) 

Materials for composite shieldings 
MTM44 epoxy from  ACG  
fibres M40J 

Reference Details 
TEC1 Doped resin with 2,21%CNT 
TEC2 Doped resin with 88%W 
TEC3 Doped resin with 63%W 
TEC4 Doped resin with 30%W/0,5%CNT 
TEC9 Buckypaper 100%CNT 
TEC8 Buckypaper 76,60%CNT/23,4%W 
TEC7 Buckypaper 50%CNT/50%W 
TEC6 Buckypaper 24%CNT/76%W 
TEC5 Buckypaper 6%CNT/94%W 
TEC11 0,Buckypaper 76,60%CNT/23,4%W,90,Buckypaper 76,60%CNT/23,4%W,0 
TEC10 Impregnated Buckypaper 30%W 
Aalto-1 & Aalto-6   2"prepreg"layers"+"0.05"mm"Tungsten"+"4"prepreg"layers""""""""""""""""""""""""""
Aalto-2 & Aalto-7         3"prepreg"layers"+"0.05"mm"Tungsten"+"3"prepreg"layers"
Aalto-3 & Aalto-8      4"prepreg"layers"+"0.05"mm"Tungsten"+"2"prepreg"layers"
Aalto-4 & Aalto-9       5"prepreg"layers"+"0.05"mm"Tungsten"+"1"prepreg"layer"
Aalto-10:         3"prepreg"layers"+"0.05"mm"Tungsten"+"1"prepreg"layer"+"0.05"mm"Tungsten"+"2"prepreg"layers"
Aalto-11:         4"prepreg"layers"+"0.05"mm"Tungsten"+"1"prepreg"layer"+"0.05"mm"Tungsten"+"1"prepreg"layer"
Aalto-12:         3"prepreg"layers"+"0.05"mm"steel"+"1"prepreg"layer"+"0.05"mm"Tungsten"+"2"prepreg"layers"
Aalto-13:         4"prepreg"layers"+"0.05"mm"steel"+"1"prepreg"layer"+"0.05"mm"Tungsten"+"1"prepreg"layer"
Aalto-14:         2"prepreg"layers"+"0.05"mm"steel"+"2"prepreg"layers"+"0.05"mm"Tungsten"+"2"prepreg"layers"
Aalto-15:         3"prepreg"layers"+"0.05"mm"steel"+"2"prepreg"layers"+"0.05"mm"Tungsten"+"1"prepreg"layers"
Aalto-18:         8"prepreg"layers"+"Gadolinium"paint"
Aalto-19:         4"prepreg"layers"+"0.05"mm"Tungsten"+"4"prepreg"layers"
Aalto-20:         6"prepreg"layers"+"0.05"mm"Tungsten"+"2"prepreg"layers"
Aalto-21:         7"prepreg"layers"+"0.05"mm"Tungsten"+"1"prepreg"layer"
  ""
Aalto-16:         6"prepreg"layers"(reference)"
Aalto-17:         8"prepreg"layers"(reference)"
Aalto-22:         2"mm"AlC2024CT3"(reference)"

SIDER project: test of shielding materials 
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Particles Energy Facility Deliverable

H+ 20 MeV
IPNAS ULg 
Cycclotron 

AVF

• Fast acquisition H+ energy spectrum with detector placed behind each sample (collimated 
PIPS, 2500 Microns, Schlumberger ) 
• Scan Y & X vs  different beam sizes  

e- 6 MeV Medical 
accelerator

Acquisition of e- energy spectrum with detector placed behind each sample

γ 60Co  60Co ULN Acquisition of intensity with detector placed behind each sample

x

X

Y

PIPS detector 
2500µm

20 MeV ??  MeV

Incident beam  H+ 20 MeV
Exiting 
beam ?? MeV

Counts Counts

Energy Energy

SIDER project: test of shielding materials 
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Correlation between Geant4 Model & Experimental

SIDER project: test of shielding materials 
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0 5 10 15 20 25 30 35
0
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prepreg+W100+prepreg+prepre
g+W100+prepreg
prepreg+prepreg+W50+prepreg
+prepreg+W50+prepreg+prepre
g+W50+prepreg
Aluminium

Performance predicted by Geant4 for the next test with respect to 2mm Al

Energy

Energy loss %

SIDER project: test of shielding materials 
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γ
Source : 60Co,measurement of photons 
spectrum after shielding 

Gamma peak at 1.33 MeV the composite sample 
is more efficient shielding than Al. However, it is 
less efficient for the 1.17 MeV peak 

No more eff icient than aluminium. New 
combinations will be tested in the next phases of 
the project 

Medical electron accelerator was used to irradiate 
samples with 6 MeV electrons beam. 

No#shield! Al#2mm#shield! AALTO#shield! TEC13_1#shield!
Calculated#dose#
Radfet#1#(cGy)# 78.92! 18.34! 75.74! 78.13!

Calculated#dose#
Radfet#2#(cGy)# 80.52! 23.92! 74.94! 82.91!

e-

SIDER project: test of shielding materials 
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1A- 3 Avril 2014
1B- 25 Avril 2016

2A- 23 Juin 2015

2B- programmé fin 2016

3A- 17 Fevrier 2015

3B- programmé 2017

 Sentinel 4 : optical coating testing     

programmé 2017

MTG-S (S4UVN/)- programmé 2019

mission : monitoring de qualité air,  

O3, NO2, SO2, HCHO et aerosol optical depth

programme Copernicus  

Orbit : GEO

key features spectral range from 305 nm to 
500 nm with a spectral resolution of 0.5 nm, 
and from 750 nm to 775 nm with a spectral 
resolution of 0.12 nm, in combination with low 
polarization sensitivity and a high radiometric 
accuracy. 

hyperspectral spectrometer operating 
with designated spectral bands in the solar 
reflectance spectrum 
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1A- 3 Avril 2014
1B- 25 Avril 2016

2A- 23 Juin 2015

2B- programmé fin 2016

3A- 17 Fevrier 2015

3B- programmé 2017

 Sentinel 4 : optical coating testing     

programmé 2017

MTG-S (S4UVN/)- programmé 2019

mission : monitoring de qualité air,  

O3, NO2, SO2, HCHO et aerosol optical depth

programme Copernicus  

Orbit : GEO

key features spectral range from 305 nm to 
500 nm with a spectral resolution of 0.5 nm, 
and from 750 nm to 775 nm with a spectral 
resolution of 0.12 nm, in combination with low 
polarization sensitivity and a high radiometric 
accuracy. 

hyperspectral spectrometer operating 
with designated spectral bands in the solar 
reflectance spectrum 
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1A- 3 Avril 2014
1B- 25 Avril 2016

2A- 23 Juin 2015

2B- programmé fin 2016

3A- 17 Fevrier 2015

3B- programmé 2017programmé 2017

MTG-S (S4UVN/)- programmé 2019

M3Layer name - Role Material Thickness 
(µm)

Optical Coating L#1 - protective layer X X

Optical Coating L#2 - reflective layer X X

Coating NiP ** 50

Bulk 9Be 5500

**(stoechiometry needs to be checked)

Description:  Blank Sample S1_08

M3Layer name - Role Material Thickness 
(µm)

Optical Coating L#1 - protective layer SiO2 0,01

Optical Coating L#2 - reflective layer Al * 0,1

Coating NiP ** 50

Bulk 9Be 5500

*(Alflex® from OBJ)
**(stoechiometry needs to be checked)

Description:  Samples S1_xx (04,11,15,16)

M3Material Thicknes
s (µm)

Al 5550

Description:  Test Sample

Material/LayerThickness Impinging/Outgoing Energy (keV) Energy Loss (keV)

SiO2/0,010µm 10600/10599 1

Al/0,08-0,1µm 10599/10598 1

Cr/0,08µm 10598/10596 2

NiP/85µm 10596/8613 1983

Be/5500µm 8613/0 8613  (All) (Range:623,4µm)

NiP/85µm (rear) 0/0 0

Compound density (g/cm3)

SiO2 amorphous 2,196

NiP (m%Ni88P12)  7,7

given in the order of a cross-section from the optical surface to the rear surface of the mirror

Layer name-Role Material Thicknes
s

Optical Coating L#1 protective layer SiO2 0,01

Optical Coating L#1 protective layer Al* 0,08-0,1

Interface - Adhesion layer Cr 0,08

Encapsulating Coating NiP** 85

Bulk Be 5500

Layer name-Role Material Thicknes
s

Optical Coating L#1 protective layer x x

Optical Coating L#1 protective layer x x

Interface - Adhesion layer x x

Encapsulating Coating NiP** 85

Bulk Be 5500

Fig. 1 Samples Description 

10,6MeV

0

10,6MeV 0 MeV

 p Beam direction

 Sentinel 4 : optical coating testing     
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Particles Energy Facility Dose Deliverables

H+ 10 MeV Cyclotron TID T control, grounding, P control, contamination , induced activity (gamma spectro)

H+ 100keV VDG TNID Grounding, P control, contamination

 Sentinel 4 : optical coating testing     
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Disqualified mirror set: 
– Apparition of a blue voile 
– Degradation of optical performances
– Investigation  of  causes  of   «surface 

contamination ?» 
– LogFile,
– FTIR of contamination witness
– XPS measurements 
– Optical Microscopy and 3D AFM  

cf. theory

10MeV 6,2 1015  p/cm2 

Texte

 Sentinel 4 : optical coating testing - Test 1     
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Disqualified mirror set: 
– Apparition of a blue voile 
– Degradation of optical performances
– Investigation  of  causes  of   «surface 

contamination ?» 
– LogFile,
– FTIR of contamination witness
– XPS measurements 
– Optical Microscopy and 3D AFM  

cf. theory

10MeV 6,2 1015  p/cm2 

Texte

Martynenko et al. «radiation induce bubble».... seuil
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Particules : Energie: Facilité: Dose : Délivrables

H+ 100keV VDG TID T control, grounding, P control, contamination

H+ 100keV VDG TNID
T control, grounding, P control, contamination

 Sentinel 4 : optical coating testing - Test 2     
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visual inspection OK 
optical performance test OK 
I,P,T LogFile analysis, OK 
FTIR measurements OK 

Test successfull  

100 keV  All doses 

 Sentinel 4 : optical coating testing - Test 2     
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Perspectives

• New accelerator: use of proton therapy center to get 
20-230 MeV protons (2019)
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Delivering the beam 
to the nearest millimeter

PROTEUS®ONE brings together the most advanced techniques
of patient positioning for proton therapy treatments. It enables
your treatment procedures to optimize proton beam precision —
in dose, depth and shape. Developed over the years by IBA and
our clinical partners, our proton beam technology has proven
successful in delivering the proton beam with fine precision.

Robotic Patient Positioning System

Properly positioning the patient with the utmost
care while to ensure the precise delivery of proton
fractions is a key to clinical effectiveness.
The Robotic Patient Positioning System 
incorporated into PROTEUS®ONE is a safe,
robust and accurate device equipped with
interchangeable treatment tabletops.
Its smooth, deliberate motion positions the patient
so that the target is precisely placed for receiving
the treatment beam. Adjustments to the patient’s
position are automatically transferred from the
Image-guided Proton Therapy system to the 
positioning controller.

IBA’s Robotic Patient Positioning  
System offers:

    Treatment flexibility: Patient positioner 
with 6 degrees of freedom (horizontal, 
lateral, vertical, rotation, pitch and roll 
movements are possible).

    Treatment precision: High positioning 
accuracy and reproducibility.

    Patient comfort: Increased smoothness 
and reliability. 

6 IBA | PROTEUS®ONE IBA | PROTEUS®ONE 7
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