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• If you don’t have data, you get 
to make it up

• If you have one data set, it must 
be correct

• If you have two data sets, they 
are both wrong
– And everyone is just going to pick 

their favorite
• When you have many data sets, 

you get to make it up again

Let’s start by considering 
“The Data Dilemma”

It’s not enough to make the most accurate measurement 
since it will be viewed within the historical context

3% error 
followed by 3-

sigma shift

1% error 
followed by 3-

sigma shift

Thanks to Morgan White (LANL)
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What happens when you ignore hidden compensating 
errors in nuclear data:  The Maple reactor story

You run the risk of making bad decisions 
if you don’t have trustworthy data

• The Maple reactors were dedicated medical isotope 
production reactors fueled with LEU using HEU targets

• AECL discovered that the reactor had a positive power 
coefficient of reactivity in June 2003.

• This behavior was deemed by the Canadian Nuclear 
Safety Commission to be a safety issue. 

• AECL engaged the services of organizations such as 
BNL, INL, and INVAP, from 2005 to 2008 to identify 
the cause of the discrepancy.

• The cause was never determined and in May 2008, 
• AECL discontinued the project.
• Following this decision, AECL was served with a $1.6 

billion lawsuit against for breach of contract.
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There are a VERY large body of complementary 
and/or competing nuclear databases*

*L.A.B. et al., Annu. Rev. Nucl. Part. Sci. 2019.69:109-136.



UNIVERSITY OF 
CALIFORNIA 

Office of
Science

There are a VERY large body of complementary 
and/or competing nuclear databases (continued)*

*L.A.B. et al., Annu. Rev. Nucl. Part. Sci. 2019.69:109-136.

Atomic Mass Evaluation and 
NUBASE2016

Atomic masses and decay 
properties

Evaluation http://amdc.impcas.ac.cn/web/masseval.html
http://amdc.impcas.ac.cn/web/nubase_en.html
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The Nuclear Data Pipeline in a Nutshell

Reactions Structure

A lot connections exist, but many aren’t obvious to the casual user

Step #1: Measurements published

Step #2: Results are compiled

ENDF
Reactions
(mostly cross 

sections)

ENSDF
Low-lying 
Structure

(Levels, gammas…)

Step #3: Data are evaluated

g’s from highly 
excited states 
r(E), F(Eg)

(nfast,g)
(n,fg)

(n,n’g)
Much of this sort of data 
isn’t part of an ongoing 

evaluation effort
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The Nuclear Data “Pipeline” 
in most of its gory detail…

There’s even more detail, but I 
don’t want you screaming and 

running in fear…
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• Data from select peer-reviewed journals are compiled into the 
XUNDL (Unevaluated Nuclear Data List) database.
– For many journals this is now done as a part of the review process

• The data from XUNDL are reviewed by expert evaluators on 
nuclide-by-nuclide basis or as part of an A-chain.  
– Data from decay and reactions etc. are combined to produce a list of 

recommended values called the Adopted Levels and Gammas file.
– Vast majority of data is from g-ray spectroscopy.
– Only discrete levels are included (incomplete over Ex ≈ 0.5 – 2.0 MeV).
– The ENSDF format is non-numeric with fixed length 80-character records 

and numerous text comments.
– Results are published in Nuclear Data Sheets or Nuclear Physics A for 

nuclides with A<20.
– The amount of data can vary dramatically from one nuclide to another.

The main nuclear structure database is the 
Evaluated Nuclear Structure Data File (ENSDF)
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The 235U ENSDF adopted levels file
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Nuclear structure data isn’t evenly spread out 
over the chart of nuclides

Example
Heavy-ion 

Fusion Reactions 
populate high J 

states in neutron-
deficient nuclei
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This is means 
that we are 

missing LOTS 
of information 
about off-yrast 

levels

And heavy-ion fusion reactions only populate 
states near the yrast lines (maximum J per unit E)

Here 
there be 
dragons
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Another source of information is the decay of 
fission fragments

Heavy-ion 
Fusion Reactions 
populate high J 

states in neutron-
deficient nuclei

Fission Fragment populate 
select mid-mass nuclei and 

their decay products
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The ENSDF philosophy

The goal of ENSDF is to 
provide an objective 
representation of all 

available knowledge about 
known nuclear states

There is no attempt to “fill in” missing information 
for highly-excited states, unknown Jπ, nuclei which 

have not been formed etc. 

Nuclear structure evaluation is 
a pain-staking process with 
full-time evaluators 
completing 1-2 
A-chains per
year 

Accuracy and consistency are most important
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ENSDF evolves slowly on nuclei near 
stability – Example: 56Fe circa 1974 vs 2009

Ei < 4539 keV
• c 1970 – 36 g-rays 
• 2009 – 96 g-rays

Ei < 3756 keV
• c 1970 – 18 g-rays 
• 2009 – 28 g-rays

ENSDF 2009

Eg changed by < 0.1%
But…
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Radioactive ion beam facilities offer the possibility of 
learning about nuclei far from the valley of stability
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Now, let’s focus on the approach used on 
the reaction evaluation process

Let’s say you want to design a reactor
1. First you put together a computer simulation
2. The simulation calls on nuclear data libraries to 

determine the right cross sections to use
But no one has measured one of the scattering cross 

sections as a function of angle, so…
No reactor L

Of course we can’t let that happen!!! 
We need to fill in any gaps in reaction data with the best 

information possible - This is the ENDF approach 
Completeness is  most important
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The Evaluated Nuclear Data File (ENDF) contains 
“pre-digested” reaction data for use in applications
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The reaction evaluation process

ENDF uses theory tuned to reproduce energy-differential and integral data

Reaction 
evaluation 
combines 

experiment 
with reaction 
theory and 

modeling to 
build a 

consistent 
picture

Thanks to Dave Brown (BNL/NNDC)

But you 
can’t 

measure 
everything 

with 
arbitrary 
accuracy
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The total reaction cross section is fixed creating a 
connection between different channels

238U n5 fm

(n,total)

(n,n’)

(n,f)
(n,2n)

(n,3n)

(n,elastic)≈3 b

An 
increase in 
one cross 
section 

requires a 
decrease in 

another 

Evaluation is performed for a given projectile+target+energy combination
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Since stotal is fixed for a given projectile + target system at a 
given energy there are covariances between reaction channels

238U n5 fm s(n,f)selastic

s(n,n’)

s(n,f)

s (
n,
g)

s (n
,2n

)selastic

s(n,n’)

s(n,f)

s (
n,
g)

s (n
,2n

)Evaluator #1

s(n,f)
selastic

s(n,n’)

s(n,f)

s (
n,
g)

s (n
,2n

)

Evaluator #2 Compensating
uncertainties

These uncertainties are most 
likely to involve reactions 
channels where there is little data 
available to guide the evaluator
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Case study:  the Jezebel critical assembly
Which piece(s) of nuclear data is most important???

*E. Bauge et al., 
Eur. Phys. J. A (2012) 48: 113

Compensating errors can mask bad data

-16 p.c.m. 

+275 p.c.m. 

-638 p.c.m. +522 p.c.m.

-14 p.c.m.

-122 p.c.m. 

Experiment vs. Model (ENDF-B7.1 & BRC databases)

Good
News!!!

Yikes!

Not too 
bad…

As 
expected

Worrisome
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This problem is still present 7 years later

1

ENDF/B-VIII.0 vs. JEFF-3.3

keff

n,n’ +704el -500

Jezebel (239Pu) 
critical assembly

Neutrons from (n,f) are 
indistinguishable from (n,n’)

*L.A.B. et al., Annu. Rev. Nucl. Part. Sci. 2019.69:109-136.


