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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 “Truth”

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)

❑ PhD from the University of 

Chicago, working with Arthur 

Compton on cosmic rays, 1940.

❑ Joined Manhattan Project in 1942.

❑ Worked at Hanford site in 1944, now PNNL.

❑ Director of ANL’s Nuclear Physics Division, 1945-1949.

❑ Senior Physicist at BNL, 1949-1960. Dean of BNL’s neutron physicists, the 

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

❑ Started compilation and evaluation of neutron cross section data.

❑ Work has continued with the 2018 publication of Atlas of Neutron Resonances.



7

Katherine Way

(1902 – 1995)

❑ PhD from Columbia University, working 

with John Wheeler on nuclear 

reactions,1938.
❑ Joined Manhattan Project in 1943.

❑ Worked in ORNL, 1945-1949, and 

NIST from 1949.

❑ Founder of the Nuclear Data Project.

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

Data Tables journals in the 1960s.

❑ 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
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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!

❑ The Greek letter sigma, , is used 

as a symbol for nuclear cross 

sections, which measure the 

probability that a neutron interacts 

with a given nucleus.
❑ The group founded by Donald 

Hughes was known as the Sigma 

Center!

❑ The ‘barn’ unit, 1 barn=10-24 cm2, is 

used for nuclear cross sections.
❑ 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 620–730°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 Balkin’s WANDA 2024 talk Veronica Chen in https://str.llnl.gov/2019- 05/burks (2019)

• Capture reactions (required)

• Stellar evolution;

• Heavy-element nucleosynthesis;

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

Nucleosynthesis
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Nuclear data’s often forgotten role

Because nuclear data 
lives “under the hood” 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 there’s trouble, 

these are the options: 
• Ignore the issues

• Engineer away trouble 

(potentially missing 

opportunities)

• Dig under the hood and 

engage with us



NNDC’s 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 • Fundamental 

Science

• National Security

• Medical Isotopes

• Nuclear Energy 
R&D

• Space Exploration

FeedbackNew Experiments
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NNDC Vision & Mission

1

5

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

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

recommended library to less than two years.

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

❑ Advance dissemination efforts with modern and efficient software tools.

❑ 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

17

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,)

Experimental

supplemented 

with theoretical 

data
- Cross sections

- Particle spectra
- and much more…

+



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
• Excitation Energy

• Half-life

• Angular Momentum

• Magnetic Moment

• Configuration

• …

  Emitted Radiation
• Energy

• Intensity

• Dipole, Quadrupole, …

• Mixing ratio

• Conversion coefficient

Nuclear Decay Data

For each decay type:
• Half-life

• Branching ratio

• Energy

• Intensity

• Coincidences
• …

  



The Cross Section Evaluation Working 
Group produces ENDF/B library

• Formed 1966 & Chaired by BNL

• Currently ~200 members of the collaboration 
from 25 institutions

• US programs, industry and international partners

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

• All steps of nuclear data pipeline 
coordinated through CSEWG

• 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

• Cross section  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 = 10−28 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

a + A → b + Ba + A →   C* → b + B Exciton and 
Multi-Step theory



The ENDF library provides everything one 
needs to model a neutron’s interaction with 
materials

• For each target material:
• Total cross section

• For every energetically allow reaction

• Cross section

• For each emitted particle

• Outgoing multiplicity and 

• energy angle distribution

• Decay data distilled from ENSDF

• Fission product yield data

• Uncertainty/covariance data

??

Best experiment 

+ 

best theory 

+ 

ML

52Cr(n,tot)
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Many nuclear 

modeling packages 

embed ENDF/B data

o Reactor design, simulation 

and licensing codes.

o Nuclear waste and 

repositories.

o Radiation spectroscopy, dose, 

detectors and shielding.

o Defense

o CTBTO

o Non-proliferation

o Space physics

o Industry 

o … *

* ENDF/B-I was 

released in June 1968

Library detailed in 

Nuclear Data Sheets 

vol. 148 (2018)

ENDF/B-VIII.0 
was released on 

2 Feb. 2018



The Latest and Greatest

• Big paper to show up soon

• In addition to coordination role, BNL develops 
evaluations that fill notable gaps in programmatic 
coverage like structural materials, decay and FPY

26

FPY

SFY

Once we release files, then 

they are integrated into codes

✓August 30, 2024
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NNDC Initiatives

Integrating data and getting that data 
to users faster

Experiments Publications

Data 

extrac

tion

Data 

evaluat

ion

User

s

Experiments

Publications
Data 

evaluation

Users

Open Data

Data 
extraction



NNDC Mobile Apps

• Offline, search-able access to NNDC data
• Nuclear Wallet Cards

• Ground- and isomer-state observable properties

• CapGam
• Gamma ray energies from thermal neutron capture

• Currently available on Google Play Store

• iOS versions created by SULI student Hamnah Irfan
• [Currently applying to publish on App Store]
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Wallet 

Cards

CapGam

https://play.google.com/store/apps/details?id=gov.bnl.nndc.walletcards
https://play.google.com/store/apps/details?id=gov.bnl.nndc.capgam


Bibliographic data: www.nndc.bnl.gov/nsr/

Great 

environment 

for Artificial 

Intelligence !!



www.nndc.bnl.gov/nudat3



Not everything is shining
 … we have a lot to do 
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From Patrick Peplowski talk @DNP/NNDC

• Active Interrogation with fast neutron beams;

En = 14 MeV

• Capture, Inelastic and Decay Gammas = Nuclear fingerprints

• Subject to

- Thorough experimental knowledge; Precise models and 

evaluations; Incorporation of data into evaluated files;



Planetary Nuclear Spectroscopy:
Space exploration!
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• Planetary gamma-ray spectroscopy via 

Active Interrogation (AI) is an established 

technique for characterizing the surface 

composition of planets from orbit. 

➢ The success of AI depends on quality of 

evaluated nuclear data:

• NASA currently has numerous active and 

upcoming investigations valued at >$100M.

Thorium concentrations on the Moon, 

as mapped by Lunar Prospector.

One of the first

• Upcoming Missions:

-  LunaH Map (2022)
- Psyche (2023),VIPER (2023)
- MMX (2024)

- Dragonfly (2026)
- Commercial Lunar Payload Services (multiple 

payloads/missions, 2022+)

https://en.wikipedia.org/wiki/Moon
https://en.wikipedia.org/wiki/Lunar_Prospector
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We are currently partnering to improve 
our gamma-ray libraries

• The 14 MeV Berkeley Atlas

- Dedicated campaign of

 14-MeV (n,n′γ) measurements

 >24 isotopes and >35 γ’s
Team
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• Also improving neutron capture -rays

- Develop methodology and provide data for benchmark qualifications

Parker @ WANDA 2025

We are currently partnering to improve 
our gamma-ray libraries



FAIR grant with UMASS Lowell

Improving thermal neutron 

capture data for ENSDF & ENDF

NatCu(n,g)
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BNL led project GRIN
 (Gamma-Ray Induced By Neutron) just finished:

• Completed report (BNL-224447-2023-INRE) 

outlining issues and recommended 

remediation actions with capture and inelastic 

-rays

• Python packages for data 
processing/formatting:

- pyEGAF: processes and manipulates EGAF 

data sets

- grin_formatter: updates and formats -rays 

in ENDF-6 or GNDS.
• GIDI+ API is working in GEANT4. 

We can now make correlated -ray emissions 

with event-by-event precision

• Manuscript with details and proof-of-concept 

on enabling inline -ray cascades to be 
submitted to NIM.Krystine Rodriguez (UPR – Puerto Rico)

No energy conservation = 0

Nuclear Transport with Geant4 and ENDF



We organized a satellite Meeting 
(@DNP2023 : Division of Nuclear Physics) 

➢Theory
➢Transport codes
➢Radiation Damage
➢Evaluations
➢Measurements
➢Data needs

➢ 8 invited + contributed talks

➢ Space exploration 

requires efforts in the

 “nuclear data pipeline” 

Nagoya University, Johns Hopkins University Applied Physics Lab, 

NASA, Catholic University of America, Chubu University, NASA 

Langley Research Center ,Tokyo Institute of Technology, Lawrence 

Berkeley National Laboratory, J-PARC, JAEA, UC Berkeley, Los 

Alamos National Laboratory, UC Davis, IAEA



Nuclear Data and Space Applications
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Active 

Interrogation
Shielding and 

Space Radiation

Nuclear 

Propulsion/Power

Krusty (Kilopower)

Stopping Powers for 

Secondary Particles2

1J. Norbury et al., Rad. Meas. (2012)
2J. Osheroff et al., IEEE Trans. (2021)

Fast 

neutrons

Natural 

Radioactivity

C. Romano et al., WANDA 2020 Final 

Report.  ORNL/TM-2020/1617 (2020).

P. Peplowski numerous

Inelastic, Capture and  Decay

  Gammas (nuclear fingerprints)

Fast neutrons (14 MeV)

(DT) generators

New: Spin Polarization for Fusion 

Propulsion1

- Larger cross-section (facilitates fusion 

ignition). Provides direction for reaction 

products (better trust, reduces weight)

Cross Section data

already needed for powerplants 

Fission-powered

rockets

1L. Baylor et al 2023 Nucl. Fusion (2023)

Interplanetary Astronaut 

Dose Considerations1

~ 100 MeV/n - 10 GeV/n

- Projectile fragmentation

partial and total cross-sections.

Adapted from 

Smith, et al. Front. Astron. Space Sci. (2023)

38Above the Earth’s atmosphere the GCRs provide a serious impediment to the safety and 

viability of space exploration. 
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NNDC Initiatives

Going to higher energies



NNDC In-house Decay Measurements
Experimental Capabilities
• 10 HPGe detectors

• 2 LEPS detectors

• 15 NaI detectors

• Low background well shield

• Electronics, cables, etc

Follow on LDRD from BNL to
• Construct pumping/annealing station

• Purchase 2nd DAQ, sources, misc bits

α – gamma spectroscopy system complete

Measurements in progress of 225Ac 
(Actinium): alpha therapy

Measurement of 176Lu T1/2 

in progress



Ion stopping power measurements
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Figure from talk by Claudia Montanari at 

WANDA2022.  Circles indicate elements for which there is little 

to no data for the stopping power of protons.

• The stopping power of ions in matter is critical 

information nuclear science, radiotherapeutics, 

radiation shielding

• Data on stopping powers are sparse or non-existent for 

many materials, as shown in the figure on the right

• The NNDC is setting up a program to measure stopping 

powers of ions in various materials to address this need

A typical stopping-

power curve.  The 

letters indicate data 

points while the lines 

are calculations.  Note 

how the predictions 

of the peak height 

differ due to lack of 

data.
1 year LDRD to demonstrate feasibility of measurements.

PI: C. Morse



High energy proton spallation cross section 
measurements at NASA beamline at BNL

1 GeV proton beam

natCu target
- NNDC intern, Daniel Quinter, analyzed the 

data and determined cross sections p+Cu → 

X via activation (-decay -ray 

measurements)

Decaying -ray peaks with time

Observed in Pb shielding



FY24 Staffing 

• For FY 24, the NNDC supported 

• 3 IT professionals (Arcilla, Mason, & Shu), 

• 3 administrative staff (Dunn, Krejci, & Frejka) 

• 11 permanent scientists (Brown, Chimanski, Coles, Mattera, 
Morse, Nobre, Ota, Ricard, Sonzogni, Pritychenko, & Wu) 

• 2 postdocs (Kim & Waniganeththi) 

• 3 contractors (Gritzay, Gurdal, & Symochko) Legend

NNDC member, partly funded by USNDP

NNDC member, fully funded by USNDP

Non-NNDC member, partly funded by USNDP



Training the next generation workforce

24 NNDC interns in FY23, 34 in FY24

142 interns since 2014 | 61% from URG

NNDC interns, visiting faculty 

and mentors in Summer 2024
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Getting the word out about 
nuclear data



FY23 also saw completion 
of NP Long Range Plan

Key takeaways:
• Nuclear data aligns with the NP community 

priorities

• Chapter 11 is devoted to us!



Nuclear Structure and Decay

Evaluated Nuclear Structure Data File 

(ENSDF)

Nuclear Reactions

Experimental Unevaluated Nuclear Data 

List (XUNDL)

Evaluated Nuclear Data File 

(ENDF)

Experimental Nuclear Reaction Data  

(EXFOR)

Recommended neutron reaction data for 

all nuclei relevant for nuclear science and 

technology

One and only database of recommended 

values derived from all published 

experimental nuclear structure 

and decay data.

Compiled nuclear structure and decay 

data from recently published articles

World’s only repository of experimental 

nuclear reaction data

Precision measurements of decay radiation properties

Maintaining and improving nuclear data for world-wide use
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Thank you

echimansk@bnl.gov

not export controlled
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