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Summary

➢ Ion beam analysis laboratory based on Pelletron accelerator

➢Installation in 1999 within an IAEA TC project

➢ Performing PIXE, PIGE, RBS/EBS, ERD techniques

➢ Applications in archeology, environment, pharmaceuticals and materials 
science

➢ Large number of samples: coins, soil, sediments, pharmaceutical drugs, 
aerosol filters and ceramics

➢ Development and upgrading of experimental setup for a better 
performance and wider applications



“First Accelerator Based Ion Beam Analysis Facility in Lebanon: Development and Applications”,

M. Roumié, & al, Nuclear Inst. and Methods in Physics Research B 219-220 (2004) 389.

Experimental setup & Analytical Techniques
✓ 5SDH pelletron tandem accelerator of 1.7 MV from NEC

✓ Gupix software package & SIMNRA, MPAWIN, DppMCA

❖ Alphatross
ion source

❖ Protons 
beam: 

0.3-3.4 MeV

1-200 nA

❖ Alpha-
particles 
beam:

0.5-5.1 MeV

1-100 nA



ION BEAM ANALYSIS TECHNIQUES IBA

TECHNIQUE ACRONYM PARTICLE/RADIATION
MEASURED

Particle-Induced X-ray
Emission

Rutherford Back-
scattering Spectrometry

PIXE

RBS

Characteristic x-rays

Elastically scattered
ions in backward angles

Elastic Recoil Detection
Analysis

Nuclear Reaction
Analysis

ERDA Recoiled target nuclei

Prompt product
NRA particles or gamma-rays

(PIGE)

Often two or more of these techniques are carried out
simultaneously in order to obtained complementary information



CONVENTIONAL EXPERIMENTAL SETUP :

HPGe gamma-ray detector (for PIGE)
Vacuum chamber (10-6 torr)

Target (up to 16)

Ion beam

SBD particle detector (for RBS):
25 or 50 mm2 active area
12 -14 keV energy resolution

Faraday cup

Si (Li) x-ray detector (for PIXE):
30 mm² active area
12.7 μm Be window
175 eV energy resolution at 5.9 keV



Preamplifier + Amplifier +Current Integrator

MCA and ADCs (up to 8) and Counter
MPAWIN

Camera



Micromatter Standards



Geostandards



DppMCA

Silicon Drift Detector (130 eV)



MPAWIN and DppMCA



Technical upgrading of experimental setup

1- IAEA TC project LEB/0/006: "Improving Analytical 
Capabilities and Technical Performance of the Pelletron
Accelerator" (2014-2017)

2- IAEA TC project concept LEB/0/008: "Enhancing the 
Performance and Capacity of the New External Microbeam for 
the Analysis of Biomedical and Atmospheric Aerosol Samples” 
(2016-2019) 



External Micro-Beam





Dual Ion Source

Duoplasmatron Alphatross RF
alpha (2.4 µA) 
protons (4.2 µA) 

protons (20 µA)





IBA Applications: Cultural Heritage

➢ PIXE is applied to analyze objects relevant to Art and Archeology: pottery, 
glass, coins, paintings, statues, manuscripts,..

➢ Answer questions of provenance and authenticity

➢ Ceramics are most abundant and most studied archeological findings

➢ PIXE and cluster analysis of excavated potsherds: 
- characterize workshop production
- attribution and provenance
- valuable insight into ancient trade connections 

➢ Establish a database of ceramic elemental composition: more than 600 
objects



Provenance study of excavated pottery from Beirut using PIXE cluster analysis

Mohamad Roumié, Paul Reynolds, Carol Atallah, Elias Bakraji, Khaled Zahraman, Bilal Nsouli, 17th Int. Conf. on

Ion Beam Analysis, Nuclear Inst. and Methods in Physics Research B 249 (2006) 612.
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Future: The contribution of ion beam analysis 
techniques to the study of Phoenician expansion in the 
Mediterranean through the characterization of potteries 
from Phoenician settlements 

Previous joint CNR-CNRS project: Establishment of a Phoenician pottery database on the chemical 
composition of terracotta using ion beam analysis techniques (IBA) and its importance to the 
study of artisanal production (pottery and coroplastic) from the Kharayeb archeological site in 
southern Lebanon





                    

4 Analyzed Coins:

- Five Lebanese coins of 50 piastres dated from 1952

- 1-euro & 2-euro (as references)

4 Used techniques:

– PIXE & RBS 3 MeV protons with  250 μm aluminum “funny filter” 

Authenticity determination of Ag-Cu Lebanese coins using combined 

PIXE and RBS techniques 
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PIXE spectrum of 

one of the 50 

piastres silver 

copper coins

After removing of 

altered surface 

layers

Ag: 61.4 ± 0.18 (60 wt.%)

Cu: 38.6 ± 0.15 (40 wt.%)





Cu: 89.6%
Zn: 4.8% 
Al: 4.6%
Sn: 0.9% Fe substrate coated with :

- 9 µm Cu (100LL) 
- 6.5 µm Ni (500 LL)





Pharmaceutical Sciences
B. Nsouli, K. Zahraman, A. Bejjani, S. Assi, F. El-Yazbi, M. Roumié

CH3NIM B249 (2006) 692-696

Quality control of
commercial drugs using
PIXE and PIGE technique
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IAEA RAS0078 Project

Evaluate and map air pollutants, mainly PM10 and PM2.5, at 
local and regional levels (ARASIA region)

Develop the use of ion beam analysis techniques IBA among 
ARASIA MSs to investigate aerosol samples

Establish a simultaneous sampling campaign, using similar 
protocol, filters and samplers

Analysis of samples, interpretation of results, data evaluation, 
source apportionment, ..

IBA Applications: Atmospheric Aerosols



DppMCA; SDD; PIXE MPAWIN; PIPS; HPGe; EBS, PIGE



PIXE spectra of filter#LB14 using Amptek SDD

Ca

Fe
S Cl

3 MeV proton
87 um Kapton filter
7 uC

Cu Zn

Regional Meeting to Review/Update Procedures and Strategy for Atmospheric Aerosol Sampling and Analyses and Interpretation", 
Beirut. Lebanon, from 4 to 8 April 2016.



PIXE and RBS 
Analysis of Tl-
1223 
Superconducting 
Phase 
Substituted by 
Scandium

100000

Ca Kβ + ScKα Cu KαTl Lα

Cu Kβ

10000 Ba Lα + ScK

Tl Lβ

Tl Lγ PIXE 3 MeV proton
β

Ca K α

Tl Mα

Ba Lβ

1000

100

10

1

Ba Kα

Sr Kβ Ba Kβ

Ag Kα

Ag K β

0 2 4 6 8 10 12 14

Determination of the elemental stoichiometry of

superconducting samples of type

TlBa2Ca2-xScxCu3O9-δ

with 0 ≤ x ≤ 0.6, prepared via solid-state

reaction technique
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IBA Applications: Materials Science
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Stoichiometry and thickness determination of amorphous     
multilayers of Si/SiO2 nano-films using RBS technique

Roumie & al., Advanced Materials Research 324  (2011)310-313



Sample with three periods N = 3
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Sample with five periods N = 5
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IAEA TC RAS/1/021 “Harnessing Nuclear Science and Technology 
for the Preservation and Conservation of Cultural Heritage”

The participants of the group 

scientific visit with LAEC staff





Perspectives

- Sustainability, maintenance, performance

- Improve DAQ systems (in-air and in-vacuum)

- Full operation of the external micro-beam

- Automated system for applications with large number of      
samples

- New applications and collaborations

- Centre of excellence in the MENA region



Thank you for your Attention

The prestigious archeological site of 
Byblos 7000 years old


