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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

Reason 1: because of discrepancies between results of
different measurements
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THE REASONS WHY EVALUATION IS NEEDED

Reason 2: because cross section may has a fine structure
missed in some measurements
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WHY IS A FINE STRUCTURE ESSENTIAL?

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
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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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Comparison of different results for 1°0O(a.,0,)1°0 cross

section
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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
do/dQ(E,0)




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 **N(p,p)**N
Cross section at the scattering angle of ~140°
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Comparison of different results for *B(p,p,)''B
Cross section
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Comparison of different results for 1°B(p,p,)°B
Cross section at the scattering angle of ~140°
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Comparison of different results for *O(a,a,)1°O cross

section
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Elimination of apparently erroneous data
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Renormalization of the data set

1400 .
oo [4] Original 0N Vigo=1/0°

WQOOA'ii%é% Renormalized i
[3] Z. Liuetal. NIM B 74 ST i
(1993) 439 1000 50 [11] .
[4] S. Mazzoni etal. NIM B 136- — L Theory
138 (1998) 86 £ 800
[9] R. Amirikas et al. NIM B 77 -
(1993) 110 = oo
[10] E. Rauhala NIM B 12 (1985)  *
447 =
[11] R. Salomonovich NIM B 82 oo
(1993) 1

200

1400 1600 1800 2000



The 2C(p,py)t*C cross section at 15°
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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)

The R-matrix elementis R, = Z%
~E _

with the sum over the compound nuclear levels A.
The scattering matrixis U =QWQ  where

Q, =expli(e, ] @ =0,

=arctan(F, /G,), ZZarctan(n/I), | >1, n=2z/hv
1

W =1+2iP"?(1-RL,)'RP"?

The T-matrix element is T, =T 7. ., =eXPRi®@,,)S gy —U o

a's'la,s,| — a's'l:osl

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

The standard form of the U(r)=U.(r)+U,(r)+iu (r)+U(r)
potential:

Up () =—Vg T (r)

U,(r)=4aW, d, ()
2
df
Uso:(hj Vsol > -s
m_c rodr

U(r), MeV
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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.
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Shape resonance dependence on ag
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Shape resonance dependence on Vg
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Shape resonance dependence on Wy
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Splitting of a single particle resonance
due to the spin-orbit interaction
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Shape resonances in ?C(p,py)°C
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Comparison of different results for 1°0O(a.,0,)1°O
Cross section
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Resonance parameters reported in different works

E., keV Nabp, keV Reference
3.0317 Demarche et al. J. Appl. Phys. 100 (2006) 124909
303445 Leavitt, et al. NIM B 44 (1990) 260
303546 Chengetal., 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)
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Comparison of the results of a new
measurement with other data for
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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 demonstrating the significance
of the cross section fine structure
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Mg(p,py)Mg cross-section
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Narrow resonance problem
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do/dQ, mb/sr
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When cross section has been evaluated it can be
calculated for any scattering angle
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do/dQ, mb/sr

do/dQ, mb/sr

Evaluation of the **N(p,py)**N cross-section
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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.
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The Abdus Salam International Centre for Theoretical Physics (ICTP), in collaboration with
the International Atomic Energy Agency (LAEA) is orgamzing a workshop on Nuclear Data
for Analytical Applications, which will be held at ICTP, Trieste, Italy, from 21 to 25
October 2013.

The workshop will continue the series of “Nuclear Data for Science and Technology™
workshops initiated in 1999, and held at regular intervals since then Since the late 20®
century many new non-energy applications of nuclear techniques have been developed,
accompamed by a growing need for new and improved nuclear data. New applications
include: nuclear medicine, astrophysics, transmutation, materials analysis, thin layer
activation techmiques, accelerator-driven technologies, and measurements of nuclear
quantities for basic science, all of which frequently require the use and understanding of
charged-particle data.

Ton Beam Analysis (IBA) 1s a powerful analytical technique that makes substantial use of
nuclear data for a wide range of applications i materials science, art, archaeology, geology,
surface and interface engineering as well as environmental studies. IBA exploits the
nteractions of rapid charged particles (from ~0.1 to a few MeV) with matter to determine the
composition and structure of the surface regions of solids. Considerable effort has been
devoted by the IAEA to improve the nuclear data required for this technique, resulting in the
creation of the IBANDL database. The efficient application of these IBA techniques requires
appropriately trained and dedicated physicists.

Topics to be covered:
» nuclear data and on-line retrieval systems
» fundamentals of energetic particle interaction with matter, atoms and nucle
- overview of IBA techniques (RBS, ERDA, EBS, NRA, PIGE)
» mnuclear data for IBA — IBANDL data library
» nuclear data for Particle Induced Gamma ray Emussion (PIGE)
» applications of IBA and PIGE in particular

PARTICIPATION

Scientists and students from all countnies which are members of the United Nations,
UNESCO or IAEA may attend the School. As it will be conducted in English, participants
should have an adequate working knowledge of that langnage. Although the main purpose
of the Centre 1s to help research workers from developing countries, through a programme
of tramming activities within a framework of mtemational cooperation, a limited number of
students and post-doctoral scientists from developed countries are also welcome to attend.
As a rule, travel and subsistence expenses of the participants should be bome by the home
wstitution. Every effort should be made by candidates to secure support for their fare (or at
least half-fare). However, limited funds are available for some participants who are
nationals of, and working in, a developing country. Such support 1s available only for those
who attend the entire activity. There is no registration fee.
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