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Ion Beam Analysis  
(from Wikipedia)

•Ion beam analysis ("IBA") is an important family of 
modern analytical techniques involving the use of 
MeV ion beams to probe the composition and obtain 
elemental depth profiles in the near-surface layer of 
solids. 

•IBA is an area of active research.



3

IAEA Physics Section database contains 163 low-
energy electrostatic accelerators. Most of them are 

used for IBA.
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• Quantitative results of any scientific 
investigation of the nuclear properties of 
matter: nuclear physics data, or “nuclear 
constants”.

• Examples: cross sections, γ-rays, nuclear 
spectroscopy information on the positions, 
spin and parity of the nuclear energy levels

What is “nuclear data”?
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IBA METHODS

Elastic scattering at 
backward angles

NBSNuclear (non-Rutherford)
Backscattering 
Spectrometry

Nuclear reaction between 
incident beam and nuclei in 
the target, producing a light 
charged particle

NRANuclear Reaction 
Analysis

Prompt gamma emission 
during ion beam irradiation

PIGEParticle Induced Gamma 
Emission

Elastic recoil at forward 
angles, not necessarily 
Rutherford

ERDAElastic Recoil Detection 
Analysis

Elastic scattering at 
backward angles

RBSRutherford 
Backscattering 
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Characteristic X-ray 
emission following 
ionization by the primary 
beam

PIXEParticle-Induced X-ray 
Emission

InteractionAcronymMethod
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Ion Beam Analysis features 

• All IBA methods are highly sensitive and allow 
the detection of elements in the sub-monolayer 
range. 

• The depth resolution is typically in the range of 
a few nanometers to a few ten nanometers. 

• The analyzed depth ranges from a few ten 
nanometers to a few ten micrometers. 

• IBA methods are always quantitative with an 
accuracy of a few percent. 
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IBA experimental layout
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RBS - principle
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A channel of width δEc at 
energy Ec in the spectrum 
corresponds to a slice of width 
δx at depth x in the sample, with 
Ec and δEc being inversely 
related to x and δx through a 
linear combination of the 
stopping powers for the incident 
and outgoing particle

The number of particles 
accumulated into that histogram 
bin is proportional to c(x), δx, 
and σ(Ex), where Ex is the 
energy of the incident beam 
when it gets to depth x
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Simulation of the IBA spectrum to derive depth profile
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Elastic Recoil Detection Analysis

Sample

4He, 2 MeV
1H, 2H

knocked out of sample
detector

thin foil
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What nuclear data are needed for IBA?

Differential cross sections dσ(E)/dΩ for: 

• elastic scattering of light ions (p, d, 4He, 
7Li,…) 

• nuclear reactions induced by p, d, 4He, 
3He in the energy range of 0.5÷15 MeV
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Distinctive feature of the nuclear data for 
IBA (as compared with other applications)

• IBA uses differential cross sections rather 
than total ones – data for different angles are 
needed

• IBA employs data mainly for elements of 
natural abundance rather than for separated 
isotopes – data acquired in nuclear physics 
studies are often not sufficient
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Coordinated Research Projects organized 
by the IAEA Nuclear Data Section

• Development of a Reference Database for Ion 
Beam Analysis (2005 – 2009)

• Development of a Reference Database for 
Particle-Induced Gamma-ray Emission (PIGE) 
Spectroscopy (2011 – 2015)



16



17



18

R33 Format for Communication of Reaction 
Cross Sections in the IBA Community
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Content of IBANDL (by element)
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Content of IBANDL (by projectile)
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Content of IBANDL by reaction
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The distribution of the compiled data on angle
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Number of hits per year
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Conclusions
• IBANDL has become a main source of the cross section 

data for IBA

• There are a lot of discrepancies in the compiled data

• New measurements and benchmarks are under way to 
resolve the problems

• Some of the most wanted cross sections have been 
evaluated and the work on evaluation is in progress

• The recommended cross sections will be elaborated in 
result of the CRP activity

• The CRP results will serve to the IBA community in 
establishing a firm basis for analytical work


