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Nuclear Data for Fast Reactor Systems

Nuclear ReactionsNuclear Reactions

X (a , b) Y          
X = Target    a = Projectile
Y = Residual   b = Ejectile

X =     ZX N
A

Be  +  He C  + n or     Be ( α , n) C
4
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NeutronNeutron--induced reactionsinduced reactions

X (n , x) Y          
X = Target    n = Projectile
Y = Residual   x = Ejectile

i.e if x = n  the reaction is scattering  
i.e.  If x = γ  the reaction is Radiative Capture

H  +  n H  + γ or     H ( n , γ ) D1

1

1 2

10 1
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The probability that a reaction occurs depends on EnergyThe probability that a reaction occurs depends on Energy

40000.0861000
22000.026300

Speed  
(m/s)         

Energy 
(eV)

Temperature
(K)

“slow” or thermal neutrons E ~ 0.03 eV

“fast” neutrons E ~ 1  MeV
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Nuclear Data for Fast Reactor Systems

For Slow neutronsFor Slow neutrons

The most important reactions:
• Scattering     (ELA: (n,n) ; INE: (n,n’))
• Capture:

(n,γ)
(n,α) only low Z
(n,p) only  low Z
(n,f)
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For Fast neutronsFor Fast neutrons

The most important reactions:
• Scattering     (ELA: (n,n) ; INE: (n,n’))
• Capture:

(n,γ)
(n,α) ; (n,2n) ; (n,3n) …
(n,p) ; (n,np) ; (n,2np)…
(n,f)
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Cross SectionCross Section

The probability of a particular reaction is 
proportional to its “cross section”

Let us assume  a uniform beam of 
neutrons   of intensity I (neutrons/cm2s)

The target is a layer “one atom thick” of Na 
atoms/cm2 and C is the number of 
interactions for example neutron captures

per cm2s
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Cross SectionCross Section

Then the cross section  σ is defined:

σ =
_____________________________

C ( n/cm2.s)

I ( n/cm2.s) Na ( nucleus/cm2)

Units:  
(cm2  per nucleus)
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Cross SectionCross Section

Rearranging terms:

σ __
C 

I 

Na 

If every neutron falling on 
target reacted, then C=I   
fraction reacting =1 (100%)

= 

σ Represents the fraction of surface 
that undergoes capture. That is from 
one cm2 

σ Na  cm2 

Na 
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Cross SectionCross Section

Now generalizing to any thickness:
N = #of target nucleus/cm3

dx-dI/I =   

I 0

σ
dx

x 

I x
I I-dI

N
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Cross SectionCross Section

Integrating….

σ

dx =0.01cm
0.30 

I 0

I x__ =   e -N σ x

Example: Cd
ρ = 8.65 g/cm2

I 0

I x__ =   

=   ?  
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Control Rod Insertion

Boron-10 Thermal Absorption Cross Section

10B

11B

NeutronNeutron--induced reactionsinduced reactions
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Nuclear ReactionsNuclear Reactions Nuclear structure and decayNuclear structure and decay

Nuclear DataNuclear Data
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Nuclear structure and decayNuclear structure and decay

Beta decayBeta decay BB--, B+, B+

BetaBeta--delayed neutronsdelayed neutrons

Alpha decayAlpha decay

Exotic decaysExotic decays……
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Example: A=239Example: A=239



D.Abriola, ICTP FRSystems 2009 International Atomic Energy Agency

Where to get nuclear data?
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IAEA – Nuclear Data Section
www-nds.iaea.org

OECD – Nuclear Energy Agency Data Bank
www.nea.fr

CERN – Particle Data Group
www.cern.ch

International Nuclear Data Centers

Nuclear Data for Fast Reactor Systems



D.Abriola, ICTP FRSystems 2009 International Atomic Energy Agency

BNL – National Nuclear Data Center          
JAEA – Japan Atomic Energy Agency       
IPPE Obninsk – Nuclear Data Center 
TUNL Nuclear Data Project       
…(*)

National Nuclear Data Centres

* for a longer list see this JAEA link

Nuclear Data for Fast Reactor Systems
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Experimental Nuclear PhysicsExperimental Nuclear Physics Nuclear TheoryNuclear Theory

Nuclear Data EvaluationNuclear Data Evaluation

Evaluated Nuclear Data FilesEvaluated Nuclear Data Files

Applications (users)Applications (users)
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Experimental : EXFOR

Evaluated : ENDF/B, JENDL, JEF, BROND, … (reactions)
ENSDF (nuclear structure)
FENDL (nuclear data for fusion applications)

Bibliographic : NSR, CINDA, …

Others : RIPL (nuclear model parameters)
IRDF (reactor dosimetry file)
IBANDL (ion beam analysis)
NACRE (nuclear astrophysics)
…

Nuclear Data: LibrariesNuclear Data: Libraries

Nuclear Data for Fast Reactor Systems
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Applications : ADS-lib, FENDL-2.1
: Medical radioisotope production

(charged-particles reactions)
: Prompt Gamma-ray Activation Analysis (PGAA)
: Photonuclear
: Thermal neutron capture gamma-ray

Nuclear Data: LibrariesNuclear Data: Libraries

Nuclear Data for Fast Reactor Systems



D.Abriola, ICTP FRSystems 2009 International Atomic Energy Agency

Applications : ADS-lib, FENDL-2.1
: Medical radioisotope production

(charged-particles reactions)
: Prompt Gamma-ray Activation Analysis (PGAA)
: Photonuclear
: Thermal neutron capture gamma-ray

Nuclear Data: LibrariesNuclear Data: Libraries

Nuclear Data for Fast Reactor Systems
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Too complicated to be read by humans!

Nuclear Data for Fast Reactor Systems

Example: part of an evaluated data fileExample: part of an evaluated data file
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Files for a materialFiles for a material from report from report ENDFENDF--102102 (ENDF manual)(ENDF manual)

Nuclear Data for Fast Reactor Systems

40 Data covariances for 
radionuclide production cross 
sections

27 Atomic form factors or 
scattering functions for photo-
atomic interactions                                             

8 Radioactivity and 
fission-product yield data                                

39 Data covariances for 
radionuclide production yields             

23 Photo-atomic interaction cross 
sections                                     

7 Thermal neutron 
scattering law data                                         

35 Data covariances for energy 
distributions                                   

15 Energy distributions for 
photon production                                  

6 Energy-angle 
distributions for emitted 
particles                            

34 Data covariances for angular 
distributions                                  

14 Angular distributions for 
photon production                                 

5 Energy distributions for 
emitted particles                                  

33 Data covariances for reaction 
cross sections                                

13 Cross sections for photon 
production                                        

4 Angular distributions for 
emitted particles                                 

32 Data covariances for 
resonance parameters                           

12 Multiplicities for photon 
production                                        

3 Reaction cross sections                                     

31 Data covariances for nubar10 Cross sections for photon 
production                                        

2 Resonance parameter 
data                                                    

30 Data Covariances obtained 
from parameter covariances and 
sensitivities      

9 Multiplicities for radioactive 
nuclide production                           

1 General information                                           
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Examples:

EXFOR : U-238 inelastic

ENDF : U-238 capture (example of plots of MF=3 as raw data) 

ENSDF : Fe-56
IBANDL : p + C-12, calc for angle=175deg
IRDF : plots, MAT-MT list, Fe-54

Others : delayed neutron emission (data, MT=455)
medical radioisotope production (gamma emitters)
PGAA (Al-27)
Photonuclear (Sm-154)

Nuclear Data for Fast Reactor Systems
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PhotonuclearPhotonuclear

<< back

Nuclear Data for Fast Reactor Systems
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JANIS 3.0

Nuclear Data for Fast Reactor Systems
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Q. Where to get Nuclear Data?Q. Where to get Nuclear Data?
A. The InternetA. The Internet

Example:Example:

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

Nuclear Data for Fast Reactor Systems
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Nuclear Data OnlineNuclear Data Online

www-nds.iaea.org

Nuclear Data for Fast Reactor Systems
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Nuclear Data OnlineNuclear Data Online
Nuclear Data for Fast Reactor Systems
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Nuclear Data OnlineNuclear Data Online
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Nuclear Data OnlineNuclear Data Online
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Nuclear Data OnlineNuclear Data Online
Nuclear Data for Fast Reactor Systems
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91Zr capture cross
section 
at En=30 keV: 
61.8 mb

Nuclear Data OnlineNuclear Data Online
Nuclear Data for Fast Reactor Systems
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How about
experimental data?

Nuclear Data OnlineNuclear Data Online
Nuclear Data for Fast Reactor Systems
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Nuclear Data OnlineNuclear Data Online
Nuclear Data for Fast Reactor Systems
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EXFOR statisticsEXFOR statistics

a.mengoni@iaea.org
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EXFOR statisticsEXFOR statistics

a.mengoni@iaea.org
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EXFOR database (present status):

• 63626 experimental data sets with results 
of microscopic and integral 
measurements

• 7369 data sets (12%) obtained with use of 
the reactor as a neutron source

• 1863 data sets (3%) contain results of 
integral (Maxwellian or other spectrum 
averaged) cross section measurements 
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Distributed by year of publication:

• 1946 – 1950 -> 22 datasets 
first compiled work where reactor is used as a neutron 
source: G.T. Seaborg and collaborators (1946), 
measurements of 241Am(n,γ), 10B(n,α) and 158Gd(n,γ)

• 1951 – 1960 -> 525 datasets 
• 1961 – 1970 -> 1700 datasets
• 1971 – 1980 -> 2705 datasets
• 1981 – 2000 -> 556 datasets
• 2001 – present -> 611 datasets 

~200 – for fission products, ~400 – for actinides;
from them 
14 – for target nuclides in metastable state 
12 – for long- and short-lived fission products
16 – for short- and long-lived actinides
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• well documented (text, data tables 
and plots in IAEA Rep. 
STI/PUB/1291 (2006), will be 
published in Nucl. Data Sheets, 
110 (12) (2009))

• achieved low uncertainties 
justified: 

in independent analysis (2007);
by testing in integral 
experiments (2006-2008)

International neutron cross-section standards

(free available at http://www-nds.iaea.org/standards/)
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International neutron cross-section standards

• include evaluation of 24 thermal constants:
elastic scattering, capture and fission cross 
sections, Westcott g-factors and total fission  
neutron yields for 235,238U and 239,241Pu;
their covariance matrix of uncertainties

• Axton’s pre-evaluated values (1986) and new 
experimental data were used in the combined least-
squares fit with all standard cross sections (2006)

• Independent Devadeenam’s evaluation (1984) of 
thermal constants done with inclusion of integral 
measurements was used by Mughabghab in 
preparation of Atlas of Neutron Resonances (2006)
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Providing OnProviding On--line Services:line Services:
Retrieval and Display ToolsRetrieval and Display Tools

Other Nuclear Data libraries available for display & retrieval:

a.mengoni@iaea.org
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Providing OnProviding On--line Services:line Services:
Repository of Data LibrariesRepository of Data Libraries
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Providing OnProviding On--line Services:line Services:
Repository of Data LibrariesRepository of Data Libraries

Marco Verpelli
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Geographical Distribution 
(%)

Total per Year
(Number of accesses + 

retrievals)

Average per Month
(Number of accesses + 

retrievals)

Nuclear Data Services: Web Statistics
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ConclusionConclusion

Nuclear Data Libraries are freely available from various 
international as well as national nuclear data centers. 

The development of advanced nuclear technological 
devices benefits from this availability. Meanwhile, additional 
experimental, theoretical and  evaluation activities are 
needed for continuous update and improvement of the 
quality of nuclear data libraries.

Nuclear Data for Fast Reactor Systems


