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Nuclear Scales

Microscopic objects ruled by Quantum
Mechanics

o electron
<10"%c¢m

proton
(neutron)

(} Brookhaven

National Laboratory

e '
e UL | .

loauﬂbap
a:s"’—;l |—




Evaluated Nuclear Data
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One recommended
value

° T'Fheunteela t% 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.

JULY, 1931 REVIEWS OF MODERN PHYSICS VOLUME 3

THE RADIOACTIVE CONSTANTS AS OF 1930

REPORT OF THE INTERNATIONAL RADIUM-STANDARDS COMMISSION

By M. Cugig, A. DeBiErNE, A. S. Eve, H. GEIGER, (
Sr. MEYER, E. RuTaErrorp, anp E. Scu

—— UNITED STATES ATOMIC ENERGY COMMISSION

1. INTRODUCTION R
FOLLOWING the reorganization of the Internationz. ISOTOPIC MASSES AND ABUNDANCES (LADC-265)
and of the International Atomic Weights Com By
arisen for the publication of special Tables of the Radi o

This responsibility has been assumed by the I
Standards Commission chosen in Brussels in 1910, w
willingness to cooperate with the International Union

Besides the members, M. Curie, A. Debierne, A. |
Hahn, S. C. Lind, St. Meyer, E. Rutherford, E. Sch July 21, 1943
have taken part as experts: J. Chadwick, I. Joliot-Curie
A. F. Kovarik, L. W. McKeehan, L. Meitner and H. S ¢
desired to express especial obligations.

The following report will be simultaneously publishe

lische Zeitschrift, in the Journal of the American Cher i 2
phical Magazine, and Journal de Physique et le Radil ||=
Technical Information Division, ORE, Oak Ridge, Tennessee

Los Alamos Scientific Laboratory




235U(n,fission)

NEUTRON CROSS

Donald J. Hughes and John A. H

Cross Section (b)

July 1, 1955
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Donald Hughes
(1915-1960)

BROOKHAVEN NATIONAL LABORATORY - UPTON - NEW Y

C PhD from the University of ,
Chicago Working with Arthur Associated Universities Inc. under contract with the  United States Atomic Energy Commis P
’ : AESONAances

Compton on cosmic rays, 1940.

C Joined Manhattan Project in 1942.

C Worked at Hanford site in 1944, now PNNL.

CDirector of ANLOs Nucl-894Xx Physics Di /=3

C Senior Physicist at BNL, 1949-1960. De an of BNLOS neutr o St
single most influential experimenter at the reactor and leader of its largest R
group (from Robert Creasef0s book on

C Started compilation and evaluation of neutron cross section data.

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

Atlas of Neutron

D iy - - - - — - 4
Resonance Pi t!i“t rties and

Thermal Cross Sections




Katherine Way
(1902 1 1995)

C PhD from Columbia University, working
with John Wheeler on nuclear
reactions,1938.

C Joined Manhattan Project in 1943.

C Worked in ORNL, 1945-1949, and
NIST from 1949.

C Founder of the Nuclear Data Project.

C Founder and editor of the Nuclear Data
Sheets and Atomic Data and Nuclear
Data Tables journals in the 1960s.

C Current editors are Elizabeth
McCutchan (NDS) and Boris
Pritychenko (ADNDT).

Volume 147, Jamuary 2018 ISSN 0090-3752

A Nuclear
Data Sheets

Produced by CONTENTS: NUCLEAR DATA SHEETS

Brookhaven National Laboratory Cumulited Index 10 A-Chains Index page

for REVISED EVALUATIONS:

The Tnternaticnl Network o A=164 B.Singh, ). Chen |
Nicear Sirmctire had Detay Dats ,,.,,,,,, A=217 ICTP-Triesie 2016 Workshop Group 382

EDITOR: EA. McCutchan Symbols and Abbreviations Inside Back Cover

NOTE

Stnce ENSDF is used repeatedly as a source of
dﬂ ta for special tabulations or calculations, it
that it be as correct and complete
upnsxiblf We urge all users who find errors
it them 10 us so that the permanent files
mrkmmad.mmv er files are also
available for online access and applications.

Since the mid-1970s, an important fraction of
the NNDC activities have developed from the
foundational works of Donald Hughes and
) Katherine way .




A Center for #
Nuclear Research |
and  Development

8.1 Early lab logo (late 1950s) with image of reactor and stack

Nuclear Data
efforts start in
BNL

1947

BNL is founded

1952

1961

The beginning

Cross Section
Evaluation

Working Group

Project: 05055

NNCSC-Data Compilation

1967

k? Brookhaven

National Laboratory

Nuclear Data
group becomes
the Sigma
Center

National
Neutron Cross
Section Center

BNL bulletin,
February 20, 1969.



Branding 101!

Reaction Cross Sections
(2200 m/s)

C The Greek letter sigma, S, is used Lsptope @ O
Element (%0, Ty /2) 0 act
as a symbol for nuclear cross

sections, which measure the
probability that a neutron interacts
with a given nucleus. EHe00)

C The group founded by Donald H2(0.015) 0.46 + 0.10 mb 12.4y  0.57 + 0.0] mb
Hughes was known as the Sigma

\H 330 + 3 mb

Center!
C Theadd ulhnbats LIS

used for nuclear cross sections. N E U T R U N
C The has been used as a

symbol of the group from the very

beginming CROSS SECTIONS

Oo=Z2Z
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Modern nuclear
applications
require detailed
and complex
modelinc

"Nu cleosyntheS|s

Neutron
reflectors Main fuel salt

- inventory

A C,’apture reac;tlons (reqLHred)
A Stellar evolution; = = :
A--:Heavy-element_n '

\"\/

NIFfr A LLNL

Heat exchanger

rp process

stellar burning S upernovae

Cosmic Rays |

1212014 712015
\eSA = 2,923 ng/mL PSA = 0.26 ng/mL

-_'\~'~. LA . ?
/ Inelastic ¢
collision (¢ Natural radicactivity
_) Neutron

912015 Fast neutrons
PSA<0.1 ng!y

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

Ethan B a | k WAND/A 2024 talk Veronica Chen in https://str.lInl.gov/2019- 05/burks (2019
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Modern nuclear
applications
require detailed
and complex
modeling

Creator: WESTINGHOUSE | Credit: VIA REUTER

Partile pad Heavy lon Tranigort cade Svitlem

Applications
Software

Nuclear Systems Modeling & Simulation

¥ i |

Brookhaven

National Laboratory 12/2014 72015 92015
SA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/n

Ethan B a | kWANDA 2024 talk

A SIMULATION TOOLKIT

' T4 Collision C Natural radicactivity

& _) " Neutron
Fast neutrons
i Ny

Veronica Chen in https://str.linl.gov/2019- 05/burks (2019



Nucl ear dat ados often

Because nuclear data

. Froton, FPion e P Electmn R
I | V e S ﬁ u n d er Hewren (other hadrons) HUEIENE i ‘Positron Phaton
: : o 200 Gely
many appllcathnS IT IS Inn'a—lrgwuclear cascade (JAk) 100 Gevin 100 Gey
: : = + Evaporation Quantum Yo
not obvious to user 2| soeev (GEM) Molecular Data
1 |Intra-nuclear cascade (INCLA 6) ?Eﬁﬂrg:'fs womey | LAY
When thereos atr oMbl c8 b porator ~ome | EpoLor
[ m g
these are the options: (G |20 MeV (GEM) Liorary | 140 Mev
: 1| muclear @ 10 Mevin (EEDLY | Phato-
A Ignore the issues Data Lineary |1 Mev p— ITS30/ | Nuclear
. = OniZation EPDLY7)
A Engineer away trouble & | (JENDL-4.0) 1 kel SPAR or ATIMA 1 ke 1 ke
(potentially missing 107 ev

opportunities)
A Dig under the hood and

engage with us
k? BrGokhavEn Red boxes = ENDF nuclear data

National Laboratory

Model matrix of PHITS transport code
(https://phits.jaea.go.jp/OvMapOfModels.html)

12




NNDCOsS p

National Nuclear Data Center

Leadership of US
Compilation Nuclear Data
Program

Nuclear Data Published
by World-Wide .

community

Dissemination

| vot al

End Users/Impact

A Fundamental
Science
A National Security

A Medical Isotopes

A Nuclear Energy
R&D

A Space Exploration

\_J \ J 13

New Experiments

Feedback

I



I NATIONAL NUCLEARIDATA CENTER

Current, accurate, authoritative
- datain areas of nuclear
¥ | science and engineering

| I | T b
N - —
— "-.\ ’||I\fI hid IJ L
| I ‘ | .
Dala Rosources

Office of Science designated PuRe Data Resource | open data | data repositories, knowledgebases, analysis platforms




NNDC Vision & Mission

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

W Implement AI/ML algorithms to reduce the time from data publication to integration in a
recommended library to less than two years.

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

W Advance dissemination efforts with modern and efficient software tools.

W 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.

k? Brookhaven

National Laboratory




National Nuclear Data Center

NSR lXUNDLJENSDF WWW. nndc bnl. gov
NuDat Databases MIRD .

|CSISRS | ENDF

Wallet Publications

Nuclear Data
Sheets

I k? Brookhe
National Labao



Users of Evaluated Libraries

Proton number

'V'an that? 3,400 6000-8000 are
ave been predicted
produced
120 2 | 1 | | | | | | “
We do not know that limit
Superheavy
100+ territory
80l - .
Proton dripline l
60f r-process
rp-process i . AFrt | AR '
k Neutron dripline
40 We do not know that limit 1
20 Observed nuclei -
W Stable nuclei
0 | 4
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Evaluated Nuclear Data

//r ENSDF

Evaluated Nuclear
Structure Data File

63Cu(n,g

E+2 4

M—-2

Cross Section (b)

== + - EN IlloF Experimental

.t | supplemented
p ‘(;; . E-5 E-4 E-3 E-2 E-llni::ef.:;:;rl’g::zvli+4 E+5 E+6 E+7 E+8 With theoretical

dat
Measured data ENDF ata

Evaluated Nucl Data Fil - Cross sections
valuate uclear Data File } i
- Structure and Decay Particle spectra

) -and much
Properties
If it was measured it is here

S—2 ' S
[10,00] [10,00]

National Laboratory
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ENSDF

Evaluated Nuclear Structure Data
File

Comprehensive data on more than 3,300 nuclei

Z, numb

How long does nucleus live for?
What are energies and amount of
radiation produced?

‘ Radioactive

Atom
Noncollective

Energy
5y
9%
: i - + slates | I""‘g
= e - \ Radiation
@
Particle

yer of neutrons
—




ENSDF : the ONLY comprehensive resource for

Nuclear Structure Nuclear Decay Data

Discrete Quantized States :
A Excitation Energy Eoltlzflilci:fre] decay type:

A Half-life _ | i
A Angular Momentum A Branching ratio
A Magnetic Moment Coexistence of collective and noncollective motion A Energy
A Configuration bonds Supegiatormed A Intensity
A é ‘ 3 Noncollective ‘\: p A COInCIdenceS
20 T A é
< ~. 0+ 0.0 7.538x10y 30
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5 30
$ & 50 g
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;q%%%
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The Cross Section Evaluation Working
Group produces ENDF/B library

A Formed 1966 & Chaired by BNL

A Currently ~200 members of the collaboration
from 25 institutions
A US programs, industry and international partners

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

A All steps of nuclear data pipeline
coordinated through CSEWG

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

CSEWG collaboration meeting, November 2023

Always open to new users
and collaborators




The General Picture

A Cross section s is a measure of the chance In analogy to an interaction zone, it is measured
(probability) that a nuclear interaction between  in units of area; square meters or square feet or
particles occur. barns (1 barn = 107 2 fn?).

Cross Section for neutrons on 23°U
Detector
( 10711 cm U773 (ntot) 0=1.6x10%b
H (nfis)o=1.4x%x10%D
(ng) 0=2.6x10b
(nel) o=27x10%b
H O
;o
c e
F
Incident Beam 100 4
Target Lo .

108 105 1072  10%
Energy (MeV)
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General Picture of Nuclear Reactions: Mechanisms

e e

Compound nucleus: Pre-equilibrium: Direct reactions:
I b ! b /F ™ 0 b . Exitonand I b ! o b
HauserFeshbacimodel Multi-Step theory Single gt interaction

+—— Reaction time

I (,\ Brookhaven
~ National Laboratory



The ENDF library provides everything one

needs t o model a neutro

materials \
52Cr(n,tot)

A For each target material: —

A Total cross section
A For every energetically allow reaction

A Cross section Best exgeriment
A For each emitted particle best theory
A Outgoing multiplicity and +
A energy angle distribution ML
A Decay data distilled from ENSDF ﬂ}j{%
A Fission product yield data

A Uncertainty/covariance data E“nFIB
Brookhaven

~
¢ :
National Laboratory




