
2172-6

Joint ICTP-IAEA Workshop on Nuclear Data for Science and 
Technology: Analytical Applications 

Alexander GURBICH

8 - 12 November 2010

State Scientific Center, Instit. of Phys. & Power Eng. 
Bondarenko Sq.1 

Kaluga Region, 249033 
Obninsk 
RUSSIA

 
 

Differential cross sections for ion beam analysis

 



DIFFERENTIAL CROSS 
SECTIONS FOR ION BEAM 

ANALYSIS
Alexander Gurbich

Institute of Physics and Power Engineering
Obninsk, Russia

Workshop on Nuclear Data for Science and Technology: Analytical Applications

FRIDAY, 12 NOVEMBER 2010
11.00 - 12.30

The GIAMBIAGI Lecture Hall

2

PLAN  OF  THE  LECTURE

• Needs of IBA in nuclear data

• Ion Beam Analysis Nuclear Data Library (IBANDL)

• EXFOR data base

• Evaluation of nuclear data
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What nuclear data are needed for 
IBA?

Sort of data Projectiles Targets Type of interaction Energy range

Differential 
cross sections 
dσ(E)/dΩ, 
γ−ray yields

p, d, 3He, 
4He, heavy 
ions

All elements Elastic scattering, 
nuclear reactions

0.5÷10 MeV
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NRA Depth Profiling
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• A channel of width δE at
energy E in the spectrum 
corresponds to a slice of width 
dx at depth x in the sample, 
with E and δE 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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Distinctive feature of the nuclear data for IBA

• 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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The difference between cross sections for 
separate isotopes and for an element of natural 

abundance
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R33 Format for Communication of Reaction 
Cross Sections in the IBA Community
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The IBANDL content by element
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The distribution of the available data on angle

0

15

30

45

60
7590105

120

135

150

165

1800

20

40

14

Content of IBANDL (by reaction)
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How accurate is digitizing?
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What is EXFOR
Database for all experimental nuclear reaction data, 
such as all total and differential cross section types, 
resonance parameters, fission and other product yields, 
production  cross sections, spectra, polarization data, 
etc. etc.

Started in 1970 for neutron data, later extended to 
charged-particle and photonuclear data

Includes also structured abstract of experimental 
method and bibliographic information



19

EXFOR format
Data exchanged in 80-character ASCII files,  managed with 
relational database system with sophisticated retrieval 
possibilities see http://www-nds.iaea.org/exfor/ )

Data presentation very flexible (close to authors’
presentation in publication): different units, varying 
number of data columns, etc.

Several “computational” output formats for processing 
and plotting; not yet working for differential data (but 
coming soon)
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THE REASONS WHY EVALUATION IS NEEDED

Reason 1: because  of discrepancies between results 
of different measurements
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Reason 2: because cross section may has a fine 
structure missed in some measurements

THE REASONS WHY EVALUATION IS NEEDED

27150 175 200 225
0

10000

20000

30000

C
ou

nt
s/

C
ha

nn
el

Channel Number

WHY IS A FINE STRUCTURE ESSENTIAL?

Black line – simulation with "true" 
cross section, blue and magenta –
simulation with sparse point cross 
section measurements

Suppose "true" cross section is as shown 
by a solid line and two measurements with 
12 keV step are made, the measured points 
in the two sets being shifted by 6 keV

Simulated EBS spectra
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THE REASONS WHY EVALUATION IS NEEDED

Reason 3: because cross section may have a strong 
dependence on angle.
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The comparison of the results obtained by «thin»
and «thick» target methods for Si(α,α) cross section

K.-M. Kallman, Z. Phys. A 356 (1996) 287
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Evaluation Problem

Given:
Different sets of (generally inconsistent) 
experimental data measured at sparse 
points on energy and angle

Find:
The most accurate possible smooth 
curves of dσ/dΩ(Ε,θ)
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Solution
Step 1: search in the literature and nuclear data 

bases to find all relevant experimental data.

Step 2: digitize data published only as graphs. 

Step 3: compare data from different sources. 

Step 4: examine reported experimental conditions 
and errors assigned to the data. 

Step 5: select the apparently reliable experimental 
points. 

Step 6: identify nuclear physics processes  
corresponding to the case. 

Step 7: fit free parameters of the theoretical model.

Step 8: produce the optimal theoretical differential 
cross-section. 
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The Essence of Evaluation

To produce evaluated cross-section
through incorporation of the data 
measured under different experimental 
conditions at different scattering angles 
into the frameworks of the unified 
theoretical approach.
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Critical Analysis

Data Compilation

Theoretical Calculations

Analysis of Discrepancies

Cross Section
Measurements
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Experiments

Data Dissemination

Evaluation Scheme
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Critical Analysis
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Comparison of different results for 11B(p,p0)11B
cross section
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Comparison of different results for 12C(α,α0)12C
cross section
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Evaluation Scheme
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Critical Analysis
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Benchmarks

A benchmark is an integral experiment which is 
compared with a standard direct simulation using 
microscopic cross-section data in order to verify 
the data.

This is an extension of the definition taken from 
reactor physics where microscopic neutron data 
are verified by comparison of calculated integral 
reactor characteristics such as e.g. neutron flux 
with results of direct measurements.
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The benchmark demonstrated the significance of 
the cross section fine structure
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The deviation of the cross section for Mg(p,p0) from 
Rutherford above 800 keV
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The benchmark for Mg(p,p0)
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Critical Analysis

Data Compilation

Theoretical Calculations
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Evaluation of the 14N(p,p0)14N cross-section
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Evaluation of the proton elastic scattering from oxygen
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The evaluated cross section for proton 
elastic scattering from oxygen
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Comparison of different results for 16O(α,α0)16O
cross section
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16O(α,α0)16O

Eα, keV Γlab, keV Reference 
3.0317  Demarche et al. J. Appl. Phys. 100 (20060) 124909
3034±5  Leavitt, et al. NIM B 44 (1990) 260 
3035±6  Cheng et al., NIM B 83 (1993) 449 
3036±2.3 10.12+0.37 MacArthur et al., Phys. Rev. C 22 (1980) 356 
3038±5.0 10.0 Soroka et al., NIM B 83 (1993) 311 
3042±3.0 10.26±0.49 Jarjis, NIM B 12 (1985) 331 
3042±3.0 10.20±0.40 Wang et al., NIM 211 (1993) 193 
3045±10.0 10.0 Cameron, Phys. Rev. 90 (1953) 839 
3038.2±2 10.1±0.4 Evaluated (1998, TUNL) 

Resonance parameters reported in different works
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The evaluated cross section for alpha 
elastic scattering from oxygen
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Evaluation of the 14N(α,α0)14N cross-section
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14N(α,α0)14N narrow resonance
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Evaluation of the 12C(α,α0)12C cross-section
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The evaluated cross section for alpha 
elastic scattering from carbon
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Evaluation of the Ar(p,p0)Ar cross-section
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Ar(p,p0)Ar fine structure
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Most useful reactions with deuterons

2H(d,p)3H Q =   4.03 MeV
12C(d,p)13C Q =   2.72 MeV
14N(d,p)15N Q =   8.62 MeV (p0)
14N(d,α)12C Q =  13.57 MeV (α0)
16O(d,p)17O Q =   1.92 MeV (p0)
16O(d,α)14N Q =   3.11 MeV
27Al(d,p)28Al Q =   5.50 MeV (p0)
27Al(d,α)25Mg Q =   6.71 MeV (α0)

28Si(d,p)29Si Q =   6.25 MeV

63

Evaluation of the 12C(d,p0)13C cross-section
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16O(d,α0)14N cross-section at 165°

65

Three regions in the compound nucleus excitation 
and corresponding cross-section behavior
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Ericson fluctuations in the 28Si(d,p)29Si reaction

28Si(d,p1)29Si28Si(d,p0)29Si
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Ericson fluctuations in the 27Al(d,p)28Al reaction
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“Recommended” cross-section for 28Si(d,p0)29Si at 150°
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“Recommended” cross-section for 28Si(d,p1)29Si at 150°
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Benchmark for the 28Si(d,p0)29Si cross-section
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“Recommended” cross-section for 
27Al(d,p0+1)28Al at 150°
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“Recommended” cross-section for 
27Al(d,p2+3)28Al at 150°
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“Recommended” cross-section for 
27Al(d,p5+6)28Al at 150°
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The comparison of the results of a new measurement with 
other data for 27Al(d,p0+1)28Al
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Benchmark for the 27Al(d,p)28Al cross-section
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Most useful reactions with 3He

2H(3He,p)4He Q =   18.35 MeV
2H(3He,α)1H Q =   18.35 MeV
9Be(3He,p0)11B Q =   10.32 MeV (p0)
12C(3He,p)14N Q =     4.78 MeV (p0)
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80

7Li(p,α)4He Q = 17.3 MeV
11B(p,α)8Be Q =   8.5 MeV
18O(p,α)15N Q =   4.0 MeV

Most useful reactions with protons
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18O(p,α)15N cross-section
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COORDINATED RESEARCH PROJECT 
ON NUCLEAR DATA FOR IBA
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Conclusions

• IBANDL is a main source of the cross section data for IBA

• There are a lot of discrepancies in the compiled data

• The evaluation of the IBA cross sections provides the most 
reliable 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


