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Nuclear Scales
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Microscopic objects ruled by Quantum 

Mechanics 

if
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Evaluated Nuclear Data

Arbiters of the òTruthó

Half -life of 
6He

The need to count with a list of measured nuclear 

properties (compilation), that was critically 

reviewed (evaluation) and published for the use 

of other researchers (dissemination) has been 

present since the earliest times.
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235U(n,fission)

Donald Hughes

(1915-1960)

Ç PhD from the University of 

Chicago, working with Arthur 

Compton on cosmic rays, 1940.

Ç Joined Manhattan Project in 1942.

ÇWorked at Hanford site in 1944, now PNNL.

ÇDirector of ANLôs Nuclear Physics Division, 1945-1949.

Ç Senior Physicist at BNL, 1949-1960. Dean of BNLôs neutron physicists, the 

single most influential experimenter at the reactor and leader of its largest 
group (from Robert Creaseôs book on BNL history).

Ç Started compilation and evaluation of neutron cross section data.

ÇWork has continued with the 2018 publication of Atlas of Neutron Resonances.
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Katherine Way

(1902 ï 1995)

Ç PhD from Columbia University, working 

with John Wheeler on nuclear 

reactions,1938.
Ç Joined Manhattan Project in 1943.

ÇWorked in ORNL, 1945-1949, and 

NIST from 1949.

Ç Founder of the Nuclear Data Project.

Ç Founder and editor of the Nuclear Data 
Sheets and Atomic Data and Nuclear 

Data Tables journals in the 1960s.

Ç Current editors are Elizabeth 

McCutchan (NDS) and Boris 

Pritychenko (ADNDT).

Since the mid-1970s, an important fraction of 

the NNDC activities have developed from the 

foundational works of Donald Hughes and 

Katherine way



8

1947 1952 19661961 1967

BNL is founded

Nuclear Data 

efforts start in 

BNL

Nuclear Data 

group becomes 

the Sigma 

Center

National 

Neutron Cross 

Section Center

Cross Section 

Evaluation 

Working Group

BNL bulletin, 

February 20, 1969.

The beginning
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Branding 101!

Ç The Greek letter sigma, s, is used 

as a symbol for nuclear cross 

sections, which measure the 

probability that a neutron interacts 

with a given nucleus.
Ç The group founded by Donald 

Hughes was known as the Sigma 

Center!

ÇThe óbarnô unit, 1 barn=10-24 cm2, is 

used for nuclear cross sections.
Ç The barn has been used as a 

symbol of the group from the very 

beginning!
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ITER

Creator: WESTINGHOUSE | Credit: VIA REUTERS
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Figure 8. Exemplary molten salt fast reactor  model (Terrapower 2020). 

2.4 HEAT PIPE REACTOR 

Heat pipe reactors are microreactors with small core diameters. These reactors mainly consist of a reactor 

core with a reflector, shielding, and a heat removal system. A stainless-steel monolithic core contains the 
fuel and the heat pipes. Many different heat pipe reactor concepts are currently under development. Most 

of these systems use 19.75 wt% 235U enriched UO2, UN, or U-10Zr fuel with potassium (K), sodium (Na), 

or NaK as coolant. Reflector materials placed above the fuel and radially surrounding the core are BeO, 

steel, and/or Al2O3. Reactivity control is performed using boron-containing control drums. Depending on 

the design, the temperature of the coolant in the heat pipes is 620ï730°C, and the fuel temperature is only 

slightly higher than that of the coolant and under 800°C. Diagrams of a potassium-cooled UO2 fuel heat 
pipe reactor are provided in Figure 9 and Figure 10 (Yan et al. 2020, Sterbentz et al. 2018, Maoioli et al. 

2019, Matthews et al. 2019, Clark et al. 2020). 

 

Modern nuclear 
applications 

require detailed 
and complex 

modeling

NIF from LLNL

Ethan Balkinôs WANDA 2024 talk Veronica Chen in https://str.llnl.gov/2019- 05/burks (2019)

Å Capture reactions (required)

Å Stellar evolution;

Å Heavy-element nucleosynthesis;

Peter, Particles 2020, 3(2), 320-335

Nucleosynthesis



11

ITER

Creator: WESTINGHOUSE | Credit: VIA REUTERS

 

10 

 

Figure 8. Exemplary molten salt fast reactor  model (Terrapower 2020). 

2.4 HEAT PIPE REACTOR 

Heat pipe reactors are microreactors with small core diameters. These reactors mainly consist of a reactor 

core with a reflector, shielding, and a heat removal system. A stainless-steel monolithic core contains the 
fuel and the heat pipes. Many different heat pipe reactor concepts are currently under development. Most 

of these systems use 19.75 wt% 235U enriched UO2, UN, or U-10Zr fuel with potassium (K), sodium (Na), 

or NaK as coolant. Reflector materials placed above the fuel and radially surrounding the core are BeO, 

steel, and/or Al2O3. Reactivity control is performed using boron-containing control drums. Depending on 

the design, the temperature of the coolant in the heat pipes is 620ï730°C, and the fuel temperature is only 

slightly higher than that of the coolant and under 800°C. Diagrams of a potassium-cooled UO2 fuel heat 
pipe reactor are provided in Figure 9 and Figure 10 (Yan et al. 2020, Sterbentz et al. 2018, Maoioli et al. 

2019, Matthews et al. 2019, Clark et al. 2020). 

 

Modern nuclear 
applications 

require detailed 
and complex 

modeling

NIF from LLNL

Ethan Balkinôs WANDA 2024 talk Veronica Chen in https://str.llnl.gov/2019- 05/burks (2019)



Nuclear dataôs often forgotten role

Because nuclear data 
lives ñunder the hoodò in 
many applications, it is 

not obvious to user
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Model matrix of PHITS transport code 

(https://phits.jaea.go.jp/OvMapOfModels.html)

Red boxes = ENDF nuclear data

When thereôs trouble, 

these are the options: 
Å Ignore the issues

Å Engineer away trouble 

(potentially missing 

opportunities)

Å Dig under the hood and 

engage with us



NNDCôs pivotal role
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Nuclear Data Published 

by World-Wide 

community

End Users/Impact

Compilation

Evaluation

Dissemination

National Nuclear Data Center

Leadership of US 

Nuclear Data 

Program Å Fundamental 

Science

Å National Security

Å Medical Isotopes

Å Nuclear Energy 
R&D

Å Space Exploration

FeedbackNew Experiments
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NNDC Vision & Mission

1

5

Be the premier global resource for nuclear data and plan to:

Ẅ Implement AI/ML algorithms to reduce the time from data publication to integration in a

recommended library to less than two years.

Ẅ Establish an open data repository for low-energy nuclear physics.

Ẅ Advance dissemination efforts with modern and efficient software tools.

Ẅ Sustain a robust nuclear physics research portfolio, including the development of an

experimental program to accelerate isotope production science.

The NNDC is the lead and largest unit of the U.S. Nuclear Data

Program (USNDP), whose mission is to provide current, accurate,

authoritative data for workers in pure and applied areas of nuclear

science and engineering.



National Nuclear Data Center

RHIC

NSLSII

www.nndc.bnl.gov



Users of Evaluated Libraries
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More than 3,400 

have been 

produced 

6000-8000 are 

predicted 



Evaluated Nuclear Data

Measured data

 - Structure and Decay 

Properties

   If it was measured it is here

63Cu(n,g)

Experimental

supplemented 

with theoretical 

data
- Cross sections

- Particle spectra
- and much moreé

+



ENSDF
Evaluated Nuclear Structure Data 

File
Comprehensive data on more than 3,300 nuclei How long does nucleus live for?

What are energies and amount of 

radiation produced?



ENSDF : the ONLY comprehensive resource for
Nuclear Structure

Discrete Quantized States
Å Excitation Energy

Å Half-life

Å Angular Momentum

Å Magnetic Moment

Å Configuration

Åé

  Emitted Radiation
Å Energy

Å Intensity

Å Dipole, Quadrupole, é

Å Mixing ratio

Å Conversion coefficient

Nuclear Decay Data

For each decay type:
ÅHalf-life

Å Branching ratio

Å Energy

Å Intensity

Å Coincidences
Åé

  



The Cross Section Evaluation Working 
Group produces ENDF/B library

Å Formed 1966 & Chaired by BNL

Å Currently ~200 members of the collaboration 
from 25 institutions

ÅUS programs, industry and international partners

ÅIf you see something in the library, at some point a 
sponsor somewhere wanted it

Å All steps of nuclear data pipeline 
coordinated through CSEWG

Å Depending on what needs done, getting 
required data in library can be major effort

Always open to new users 

and collaborators

CSEWG collaboration meeting, November 2023



The General Picture

ÅCross section s is a measure of the chance 
(probability) that a nuclear interaction between 
particles occur. 

In analogy to an interaction zone, it is measured 

in units of area: square meters or square feet or 

barns (1 barn = 10ī28 m2).



Compound nucleus:

General Picture of Nuclear Reactions: Mechanisms

~10-21 s~10-15 s

Pre-equilibrium: Direct reactions:

 Hauser-Feshbach model Single p-t interaction

ŀ Ҍ ! Ҧ ō Ҍ .ŀ Ҍ ! Ҧ   /ϝ Ҧ ō Ҍ . Exciton and 
Multi-Step theory



The ENDF library provides everything one 
needs to model a neutronôs interaction with 
materials

Å For each target material:
Å Total cross section

Å For every energetically allow reaction

Å Cross section

Å For each emitted particle

Å Outgoing multiplicity and 

Å energy angle distribution

Å Decay data distilled from ENSDF

Å Fission product yield data

Å Uncertainty/covariance data

??

Best experiment 

+ 

best theory 

+ 

ML

52Cr(n,tot)


