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NuclearNuclear TechnologyTechnology

• Essential in the modern world
po er plantspower plants
applications

t h itechniques
• Future energy production –

• To apply these safely and efficiently need to 
have accurate and well tested values for 
many physical quantities
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Fission Power PlantsFission Power Plants
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Fission Power PlantsFission Power Plants
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Medical Medical -- diagnosisdiagnosis

The left hand of 
Mrs Röntgen (1895)

Modern pelvic X-ray 
examination using digital 

techniques
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Medical Medical -- diagnosisdiagnosis
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Medical Medical -- therapytherapy
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Analytical techniquesAnalytical techniques
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Analytical techniquesAnalytical techniques

Ion beam

EmittedEmitted
particles,
gamma

raysy
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Analytical techniquesAnalytical techniques

PIXE

Particle 
induced 

X-ray 
emission
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Analytical techniquesAnalytical techniques

Dust 
evolution 
studies

IBA of 
dust in ice 

core
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FusionFusion
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FusionFusion

Plasma

Person
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Technical termsTechnical terms

• Chemistry and 
atomic physics –
electrons

• Nuclear physics –
interact with 
nucleus with 
neutrons or 
protons
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DecayDecay
• Radioactive 

atoms decay
• After 4 half-

lives only 1/16 y
left

• Compare toCompare to 
chemical 
toxicity – laststoxicity lasts 
forever!
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Natural RadioactivityNatural Radioactivity

• We are all ‘radioactive’ because of the 14C 
and 40K in our bodiesand 40K in our bodies

• Actinides such as Thorium and Uranium 
t ll h b loccur naturally, when we burn coal 

radioactivity is released from the stack
• Carbon dating relies on 14C being formed 

in the atmosphere
• We are constantly irradiated by radiation 

from rocks and cosmic rays 
International Atomic Energy Agency

y
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Reaction cross sectionsReaction cross sections

• Production of 14C and the fusion in the 
sun are examples of nuclear reactionssun are examples of nuclear reactions

• Note a nucleus is shown as AZX or AX
• Wh ti l t ‘hit ’• When a particle e.g. neutron ‘hits’ a 

nucleus it can react
• Many types of reaction are possible
• Write as 

Target(Incoming,Outgoing)Product
• 56Fe(n 2n)55Fe
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(n 2n) reaction(n 2n) reaction n(n,2n) reaction(n,2n) reaction n

n

A
ZX

n

C d
A-1

ZX
Compound 

nucleus

A
ZX(n 2n)A-1

ZX
n
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Cross sectionCross section

• Cross section  Probability of reaction
• Depends on energy (E) of incident 

particlep
• Units barns (b) = 1 10-28 m2

• For a nucleus 1 b cross section is ‘as big• For a nucleus 1 b cross section is ‘as big 
as a barn door’!!

• (E)• (E)
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Cross sectionCross section

ThresholdThreshold
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ExperimentsExperiments

• How do we know the values of a cross 
section?

• Measurements are made at particular p
energies

• Note that we actually measure a quantityNote that we actually measure a quantity 
like ‘counts’ and then infer the cross 
sectionsection

• Measurements are not exact
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DataData

Gap

UncertaintyUncertainty
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DataData

Theory
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EvaluationsEvaluations

• If the same theory is used for all 
reactions on the target and fits made toreactions on the target and fits made to 
all data

• Theory gives a ‘complete’ description ofTheory gives a complete  description of 
all reactions

• Put in standard format (ENDF)• Put in standard format (ENDF)
• Gives a first evaluation
• Test under wide range of conditions
• Iterate
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Data libraryData library
Consistent
theoretical
parameters

E l ti Data library Processed data

parameters

Evaluations
for range of 

nuclides

Data library

[Standard 
format]

Processed data
suitable for 
applications

E i t lExperimental
data
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Nuclear dataNuclear data
Measurements

Needs
EXFOR

Model codesApplications

Benchmarking RIPL
DATA 

LIBRARIES

EvaluationsProcessing

ENDF formatted 
fil
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Nuclear structure and decay

Alpha DecayAlpha Decay

XXAA YYAA--44 ++ HeHe44XX
ZZ

YY
ZZ--22 ++ HeHe

22

unstable atomunstable atom

more stable atommore stable atom

alpha particlealpha particle
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more stable atommore stable atom
R.A. Forrest, ICTP, 8-26 Aug 2011



Alpha Decay

226226 RnRn222222

RaRa226226

8888

RnRn
8686

HH44HeHe
22
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Beta Decay

A beta particle is a fast moving electron
hi h i itt d f th l fwhich is emitted from the nucleus of an

atom undergoing radioactive decay

Beta decay occurs when a neutronBeta decay occurs when a neutron
changes into a proton, an electron and
an anti-neutrino

International Atomic Energy Agency
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Beta Decay

218218 AtAt218218

PoPo218218

8484

AtAt
8585

0000

--11
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Nuclear structure and decay
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Nuclear DataNuclear Data
• Nuclear Data is a separate field of study 

from Nuclear Physicsfrom Nuclear Physics
• Not research
• Aim is produce complete accurate• Aim is produce complete, accurate, 

tested and reliable databases suitable for 
a range of applicationsa range of applications

• Thus Nuclear Data forms the basis for 
th t dimany other studies
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PerceptionsPerceptions
• Most ‘non-Nuclear Data specialists’ 

assume that the data exists and areassume that the data exists and are 
adequate in the same way as a telephone 
directory existsd ecto y e sts

• Data are ‘free’
• Available for all applications particularly• Available for all applications particularly 

‘new’ ones
• If d t i t f fi i t di th th• If data exist for fission studies then they 

should also be available for fusion! 
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RealityReality
• Data are not ‘free’
• Require extension and improvement asRequire extension and improvement as 

new applications arise
• Since measurement usually made relative• Since measurement usually made relative 

to a standard, as these improve then 
original data need to be recalculatedoriginal data need to be recalculated

• Rather few experts – International 
ll b ti ti lcollaboration essential

• Core role for a body such as IAEA 
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Obtaining Nuclear DataObtaining Nuclear Data

Q Where to get Nuclear Data?Q. Where to get Nuclear Data?

A. The Internet

Example:Example:

what is the capture cross section 
of 91Zr at En = 30 keV ?

International Atomic Energy AgencyR.A. Forrest, ICTP, 8-26 Aug 2011
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Nuclear Data Online Nuclear Data Online 
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Nuclear Data Online Nuclear Data Online 
Easy to addEasy to add
experimental data
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Nuclear Data Online Nuclear Data Online 
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EXFOREXFOR
• Database of experimental data, from 

1935, initially neutron-induced but now1935, initially neutron induced but now 
enlarged

• Not necessary to read original papersNot necessary to read original papers 
and extract data

• Covers 19 000 experiments• Covers ~19,000 experiments
• Computer readable format
• Includes ~11,500,000 data points 
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CompilationCompilation
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IAEA roleIAEA role
• Coordinate the network of data centres 

throughout the world doing compilationthroughout the world doing compilation
• Maintain Master EXFOR file
• Do compilation• Do compilation
• Maintain format and documentation
• Develop tools to search and visualise 
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VisualisationVisualisation

EXFOR data 
compared to 

l t d d tevaluated data
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ENSDFENSDF
• Database of evaluated data for properties 

of nuclides (structure and decay)of nuclides (structure and decay)
• Results published in printed form
• Interactive computer programme valuable• Interactive computer programme valuable
• IAEA has developed LiveChart 

International Atomic Energy AgencyR.A. Forrest, ICTP, 8-26 Aug 2011 55



Data for nuclides Data for nuclides -- LiveChartLiveChart

64Cu half-life
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RIPLRIPL
• Model codes (theoretical calculations) 

require many input parametersrequire many input parameters
• Previously very time consuming to 

collectcollect
• Not sure if data up to date and consistent
• N RIPL (R f I• Now use RIPL (Reference Input 

Parameter Library)
• Produced by IAEA over 15 years
• Universal 
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Enter nuclide 
and retrieveand retrieve
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BibliographicBibliographic
• Information on all relevant papers can be 

found in databases such as CINDA andfound in databases such as CINDA and 
NSR

• CINDA – nuclear reactionsCINDA – nuclear reactions
• NSR – originally covered nuclear 

structure but now enlargedstructure but now enlarged
• Enter requests interactively 
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Enter target 
and reaction 

type
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List of titles, 
clicking will 

open PDF of 
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paper



Enter Author 
to find list of 

paperspapers
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Nuclear Data DevelopmentNuclear Data Development

The main tools to produce Nuclear Data 
Libraries for users are:
• Coordinated Research Projectsj
• Data Development Projects
• Staff work• Staff work
• Individual Contracts
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Examples of CRPsExamples of CRPs

• Minor actinide neutron reaction data 
(MANREAD)

• Nuclear data libraries for advanced 
systems: fusion devices (FENDL-3)

• Prompt fission neutron spectra forPrompt fission neutron spectra for 
actinides

• Nuclear data for Particle Induced Gamma• Nuclear data for Particle Induced Gamma 
Ray Emission (PIGE) analysis
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IAEA Nuclear Data SectionIAEA Nuclear Data Section

http://www-nds.iaea.org/
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How to reach our WebHow to reach our Web--page?page?
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ConclusionsConclusions
• Nuclear Data underpins much of Technology• Nuclear Data underpins much of Technology
• The IAEA NDS provides data for users from 

Member StatesMember States
• Discussion of concepts of cross section and 

radioactive decaysradioactive decays
• How to get nuclear data
• Examples of important databases:Examples of important databases:

• EXFOR
• ENSDF
• RIPL

• CRPs tool for data development
International Atomic Energy AgencyR.A. Forrest, ICTP, 8-26 Aug 2011

CRPs tool for data development



Thank you!Thank you!

International Atomic Energy AgencyR.A. Forrest, ICTP, 8-26 Aug 2011


