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Evaluation of nuclear cross-sections

The evaluation of the cross-sections for any 
particular reaction consists in the elaboration of the 
most accurate possible cross-sections through 
incorporation of the all relevant experimental data in 
the framework of nuclear physics theory



THE REASONS WHY EVALUATION IS NEEDED
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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
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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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section



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)



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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Comparison of different results for 14N(p,p0)14N 
cross section at the scattering angle of ~140o
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Comparison of different results for 11B(p,p0)11B 
cross section
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Comparison of different results for 10B(p,p0)10B 
cross section at the scattering angle of ~140o
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Elimination of apparently erroneous data
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Renormalization of the data set

[3] Z. Liu et al. NIM B 74       
(1993) 439
[4] S. Mazzoni et al. NIM B 136-
138 (1998) 86
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447
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(1993) 1



The 12C(p,p0)12C cross section at 15o
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The difference between cross sections for 
separate isotopes and for an element of 

natural abundance
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R-matrix
(notation by Lane and Thomas)
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The R-matrix element is

with the sum over the compound nuclear levels λ.

The scattering matrix is where

The T-matrix element is 

The cross section is expressed in terms of this T-matrix.



The effect of channel spin on 
a resonance shape
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For a target of spin It and 
projectile of spin Ip the two 
spins are coupled to form a 
channel spin s. This channel 
spin is then combined with 
the relative orbital angular 
momentum l to form the spin 
of the compound nuclear 
state J.
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OPTICAL  MODEL

The standard form of the 
potential:
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OPTICAL MODEL PARAMETERS AT 
LOW ENERGY

Global sets are inapplicable at low energy

•The strength parameters often have strong energy dependence     
in the vicinity of the Coulomb barrier. 
•The real potential radial dependence is of more complicated 
than Saxon-Woods form.
• The imagine part of potential reveals non-systematic 
dependence on nucleus mass number. 
•The imagine part of potential is close to zero for light nuclei.
•Absorption is peaked at the nucleus surface. 
•The radius of the imaginary potential diminishes with 
decreasing energy while its diffuseness increases.



Shape resonance in 
16O(p,p0)16O
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Shape resonance dependence on aR
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Shape resonance dependence on WD
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Splitting of a single particle resonance 
due to the spin-orbit interaction
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Shape resonances in 12C(p,p0)12C
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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 (2006) 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



Analysis of discrepancies
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A measurement to resolve discrepancy



Comparison of the results of a new 
measurement with other data for 

27Al(d,p0+1)28Al
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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.



Benchmark experiment
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The benchmark demonstrating the significance 
of the cross section fine structure
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Mg(p,p0)Mg cross-section
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Narrow resonance problem
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When cross section has been evaluated it can be 
calculated for any scattering angle
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Evaluation of the 14N(p,p0)14N cross-section
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Evaluated cross-section 14N(α,α0)14N
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CONCLUSIONS

•The evaluation of the cross- sections provides the 
most reliable data.
•Though theory is unable to provide the cross 
section a priory prediction, a particular cross 
section can be reliably represented by adjusting 
model parameters. 

•There are still many problems in calculations of 
charged particle cross-sections in the framework of 
existing theories.




