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Evaluations often deal with discrepant data sets for the 
same reaction 

• It is important that the data sets are weighted fairly, and that 

the correlations between the data sets are incorporated
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• Inconsistent 

uncertainty 

analysis between 

different data sets 

can lead to biased 

evaluations



To assist in this process, a template of uncertainties 
was created for fission cross section measurements 

• D. Neudecker, B. Henjal, F. Tovesson, et. al. EPJ. In press.

• This template identifies all typical sources of uncertainty and 
provides reasonable values and correlations within one and between 
experiments

• The template is then used to:

– Check provided uncertainty values

– Fill in missing uncertainty values

– Fill in missing correlations

• Similar work has been done for

– RRR – F. C. S. Gunsing, P. Schillebeeckx, V. Semkova, EXFOR Data in 
Resonance Region and Spectrometer Response Function, Tech. Rep. March 
2012, IAEA (2012).

– Thermal (n,α) reactions - P. Helgesson, Experimental data and Total Monte 
Carlo, Ph.D. thesis, Uppsala University (2015).
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This work  focuses on another subset of cross section 
measurements 

• Experiments that measure 

characteristic discrete gammas to 

identify the product nucleus 

– Activation

– GEANIE

• The measurements have been 

split into six types:

– Gamma type: prompt, isomer, 

decay

– Flux measurement type: monitor, 

absolute GEANIE detector at WNR-LANSCE
http://lansce.lanl.gov/facilities/wnr/flight-

paths/geanie/about.php
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Gammas from the product nucleus are measured 
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https://caensys.co

m/hpge_portable/

neutron beam
gamma detector

sample



The detector signal is converted into the number of 
gammas from which a cross section is calculated
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https://carlwillis.wordpress.com/2012/08/19/gamma-

analysis-of-chagan-atomsite/0_400kev_small/
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A lot of information is needed to get from the number 
of gammas to a cross section

measured 
gammas

# nuclei 
produced

reaction 
cross section

internal 
conversion

gamma 
feeding and 

half-life

detector 
efficiency and 

deadtime

neutron 
flux

sample 
information

irradiation 
information
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The most important sources of uncertainty in this 
analysis process were determined 

• Sample Uncertainties

– Mass

– Isotopic composition

– Gamma attenuation

• Gamma Detector

– Efficiency

– Deadtime Correction

– Counts

• Neutron Source Uncertainties

– Flux

– Energy, Resolution

– Irradiation Geometry

• Nuclear Data 

• Gamma Fractional Feeding 

Intensity

Introduction    Template Modeling    Application     Conclusions 7



The template presents reasonable values for the 
uncertainties in tables
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• Distributions of uncertainties were compiled from EXFOR



Distributions of uncertainty values have been 
compiled from  EXFOR
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Correlations between the data points have been 
estimated for each source
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• Many sources were fully correlated 

– Sample uncertainties

– Detector uncertainties

• Neutron source uncertainties were gaussian

• In the case of monitor experiments, there are correlations 

between the sample and monitor sources of uncertainty



In the case of prompt gammas, the data analysis steps 
are different – a partial gamma  cross section is 
calculated first 

measured 
gammas

partial gamma 
cross section

reaction 
cross section

internal 
conversion

Fractional 
feeding intensity 

of the gamma

detector 
efficiency and 

deadtime

neutron 
flux

sample 
information

irradiation 
information
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The fractional feeding intensity must be calculated by a 
gamma cascade model

• Knowing the intensity of the 

gamma requires modeling

– Angular momentum brought in

– Spin distribution of level density

– Gamma strength function

– Discrete level branching ratios

• These factors determine feeding 

of the yrast band



The uncertainty put on the fractional feeding intensity 
should represent how well the model matches the data 
overall

• Rather than a “model deficiency” this uncertainty represents the 

inconsistency between the model and data
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• The average 

inconsistency is 

calculated as a 

weighted average 

of differences 

between calculated 

and measured ratios

N.Fotiades, PRC 69, 2004 



This method has been applied to a GEANIE  
238U(n,inl) data set from 2004 
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The measured partial gamma cross sections were 
combined to determine the total inelastic scattering 
cross section
• The final step was to use 16 of the lines and their calculated cross 

sections to determine the total inelastic cross section
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• All sources of 

uncertainty were 

given except

– Internal conversion 

coefficients

– Sample isotopic 

composition

– Gamma fractional 

feeding intensities

Partial cross section for the 103.5 keV 41
+ →

21
+ line with full uncertainty analysis



Correlations between data points for the 103.5 keV 
gamma  
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There are large inconsistencies in the shape and 
magnitude of the 103.5 keV gamma

2004 GNASH calculation
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N.Fotiades, PRC 69, 2004 
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The inconsistency has been measured in three forms
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• All weighted by the experimental 

uncertainty, with correlations 

accounted for

• The ratio of the yrast 𝟒𝟏
+- 𝟐𝟏

+

transition to the yrast 𝟔𝟏
+-

𝟒𝟏
+transistion
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• All weighted by the Fotiades

uncertainty, with correlations 

accounted for

• The ratio of the yrast 41
+- 21

+

transition to the yrast 61
+-

41
+transistion

• The ratio of the yrast 𝟒𝟏
+- 𝟐𝟏

+

transition to the  𝟏𝟏
− - 𝟐𝟏

+

transition
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The inconsistency has been measured in three forms
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• All weighted by the Fotiades

uncertainty, with correlations 

accounted for

• The ratio of the yrast 41
+- 21

+

transition to the yrast 61
+-

41
+transistion

• The ratio of the yrast 41
+- 21

+

transition to the  11
− - 2+

transition

• The ratio of the yrast 𝟒𝟏
+- 𝟐𝟏

+

transition to the  𝟐𝟏
− - 𝟐𝟏

+

transition

The inconsistency has been measured in three forms



This lead to large uncertainties on the gamma 
feeding intensity
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Using just this one gamma gives a channel cross section 
with a large uncertainty – but still smaller than the 
discrepancy with the evaluation
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Summary

• A template has been created for cross section experiments 

that measure characteristic discrete gammas

• A method has been developed to incorporate model-data 

inconsistency into the channel cross section uncertainty

• The template and modeling uncertainties should be used 

to ensure consistent treatment of datasets

• This method has been applied to a GEANIE dataset, 

showing how to estimate uncertainty on the fractional 

feeding intensity of one gamma
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Measured branching ratios are an example 
of “data deficiency”
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The gamma feeding intensity uncertainty is calculated  
by a weighted average of the differences between the 
calculated and measured ratios



The covariance matrix is calculated using the sandwich 
formula 

• This is a first-order linear approximation 



The correlations between uncertainties in 
different experiments have also been estimated

• Sample uncertainties were highly correlated

• Detector and neutron source uncertainties depend on the type 

of facility and group

• Nuclear data depends on the library used

• Counts were treated as independent



The updated uncertainties are slightly larger 
than the given uncertainty

1 10 100
6

8

10

12

14

16

18

20

U
n
ce

rt
ai

n
ty

 o
n
 c

ro
ss

 s
ec

ti
o

n
 [

%
]

Neutron Energy [MeV]

 Updated Uncertainty 

 Given Uncertainty


