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National Nuclear Data Center

RHIC

NSLSII

www.nndc.bnl.gov
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How many downloads of nuclear data per day?

(just through the NNDC website)

a)150

b)1,500

c)15,000
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Open Data Web Downloads

For 2021 – more than 5 million retrievals:

Data produced by YOU !! 

The Taylor Swift of 

Nuclear Physics?



4Nuclear Data Program
Link between basic science and applications

needs data:

✦ complete

✦ organized

✦ traceable

✦ readable

Applications Community

Nuclear Data Community
✦ compilation

✦ evaluation

✦ dissemination

✦ archival

Nuclear Science Community
• experiments

• theory
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The Nuclear Data Pipeline
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These are collected, processed, separated 

and shipped

70+ years of nuclear data measurements available

In a convenient and usable form 
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• Publications are 95% source of data

• Journals

• Lab Reports

• Theses

• Literature scanned on weekly basis 

Nuclear Data Pipeline

Nuclear Science References

(bibliographical database)

• ~250,000 articles total 

• ~3,000 articles per year

• Extract meta-data

• Web interface 

I want to know about 

measurements of the 

half-life of 141Te



Google Scholar Web of Science



2020WU04 Phys.Rev. C 101, 042801 (2020)
J.Wu, S.Nishimura, P.Moller, M.R.Mumpower, R.Lozeva, C.B.Moon, A.Odahara, H.Baba, F.Bro
wne, R.Daido, P.Doornenbal, Y.F.Fang, M.Haroon, T.Isobe, H.S.Jung, G.Lorusso, B.Moon, Z.P
atel, S.Rice, H.Sakurai, Y.Shimizu, L.Sinclair, P.-A.Soderstrom, T.Sumikama, H.Watanabe

β-decay half-lives of 55 neutron-rich isotopes beyond the N = 82 shell gap

RADIOACTIVITY 134,135,136,137,138,139Sn, 134,135,136,137,138,139,140,141,142Sb, 137,138,139,140,141,142,143,144Te, 140,141,142,143,

144,145,146I, 142,143,144,145,146,147,148Xe, 145,146,147,148,149,150,151Cs, 148,149,150,151,152,153Ba, 151,152,153,154,155La(β-

)[from 9Be(238U, F), E=345 MeV/nucleon, followed by separation of fragments using BigRIPS separator at 
RIBF-RIKEN]; measured β and γ radiations, half-lives by (implant)β and (implant)βγ correlations using the 
Wide range Active Silicon-Strip Stop per Array for Beta and ion (WAS3ABi) detection system and Euroball
RIKEN Cluster Array (EURICA) of 84 Ge cluster detectors. Comparison with previously available experimental 
half-lives, and with theoretical calculations using FRDM+QRPA, KTUY+GT2, RHB+pn-RQRPA, and DF+CQRPA 
models. 141Te(β-); calculated half-life and Gamow-Teller strengths using FRDM+QRPA(2019) model, and 
compared with experimental data. Discussed and calculated effects of new half-life data on r-process 
abundance.

doi: 10.1103/PhysRevC.101.042801
Citations: PlumX Metrics
Data from this article have been entered in the XUNDL database. For more information, click here.

Keyworded 

description of the 

article

Link to journal

Nuclear Science References Search Result 

Link to compiled 

data
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https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=Y.Shimizu
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http://dx.doi.org/10.1103/PhysRevC.101.042801
https://plu.mx/plum/a/?doi=10.1103/PhysRevC.101.042801
https://www.nndc.bnl.gov/ensdf/dsbykn.jsp?kn=2020WU04&db=xundl&nav=off


Compilation Databases

XUNDL

EXFOR

• Extraction of meta- and numerical data

• Data converted to database format

• Several consistency checks of data 

• Publications are 95% source of data

• Journals

• Lab Reports

• Theses

• Literature scanned on weekly basis 

Nuclear Data Pipeline

Nuclear Science References

(bibliographical database)

NSR



Nuclear Data Pipeline
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Evaluated Databases

ENSDF

ENDF

• Critical assessment of all available 

experimental data 

• Provide recommended values

• Testing and Validation important component

• Structure and reaction data not independent



Quantum mechanical system with 1 to hundreds of interacting nucleons

Discrete Quantized States

• Excitation Energy

• Half-life

• Angular Momentum

• Magnetic Moment

• Configuration
• …

Emitted Radiation

• Energy

• Intensity

• Dipole, Quadrupole, … 

• …

3,350 nuclei produced and studied

100+ years of experimental nuclear 

structure measurements

Arbiter of the “Truth”

Half-life of 6He

Nuclear Structure Database (ENSDF)



Nuclear Reactions Database (ENDF)
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• Cross section as a 

function of incident 

particle energy

• Energy and angles of 

reaction products

• Neutron resonance 

parameters

• Neutron multiplicities

• Fission yields

• ….

235U(n,) 235U(n,)

• Not all reactions and all energies can be measured

• Application of physics-based models to describe experimental data

Cross section: related to the size of a nucleus

10-12 cm Probability of “hitting” the nucleus ~ R2

1 barn (b) = 10-24 cm2



Data Dissemination
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• Each database has web application to query and (plot) data

• Additional web applications for subsets of data

Evaluated Databases

ENSDF

ENDF
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Users of Nuclear Data 

Nuclear Medicine
Nuclear Power

Stockpile Stewardship

Homeland Security

Applications of Nuclear Data

Space Exploration

Is it running efficiently 

and safely? 
How can I produce and 

use radioactive isotopes 

in the body?

How do you ensure 

something will work after 

decades on the shelf?

How do I determine what’s in something I can’t see or touch?  

Is there new physics 

beyond the standard 

model and can we make 

the world safer?



4Nuclear Medicine
What can we use radioisotopes for in medicine?

Imaging 

Therapy

Targeted Radionuclide Therapy

M. Sadeghi et al., J Can Res Ther 2010;6:239

• Ionizing radiation to kill cancer cells and 

shrink tumors

• Uses molecule labeled with radionuclide

X-rays, gamma rays

Alphas, betas, Auger electrons



4Diagnostic Imaging with Radioisotopes

SPECT
Single Photon Emission Tomography

PET
Positron Emission Tomography

Miller et. al. Angewandte Chem. Int. Ed. 47, 8998, 2008

99mTc, 123I, 121I, 67Ga, 201Tl 18F, 82Rb, 13N, 66Ga 



As an example : 86Y 



Gammasphere

Gate on 2+0+
Results on 86Y



Revised Decay Scheme for 86Y
Confirmed

New

Identified over 100 new transitions

511-keV intensity decreases by 15% ! 



The Future : Theranostics

H.Y. Tan et al., Nucl. Med. Biology 90, 55 (2020).  



MIRD – yes we have an app for that !
Medical Internal Radiation Dosimetry 



Active Interrogation with Neutrons
Compact DT neutron generators 

Use our Q-value calculator tool to find Q 

values for D+T and reaction products.

What energy of neutrons are produced?  

What reactions happen 

when one shoots MeV-

ish neutrons at 

something?  







What’s in the box?

https://passportsystems.com

Use a combination of 

• Traditional x-rays

• Active neutron interrogation

• NRF 

Complete characterization in few 

minutes



Slide courtesy G. Nobre (BNL)

Some additional applications

DRAGONFLY/DALI INSTRUMENTATION
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• Pulsed neutron generator 
(Schlumberger)

• Gamma-ray detection system

• Thermal neutron capture
(TNC)

• Inelastic Scattering (INS)

• Neutron detector

• Neutron albedo

DRAGONFLY/DALI INSTRUMENTATION
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• Pulsed neutron generator 
(Schlumberger)

• Gamma-ray detection system

• Thermal neutron capture
(TNC)

• Inelastic Scattering (INS)

• Neutron detector

• Neutron albedo

Dragonfly mission to Saturn’s moon Titan

Schlumberger-Private

Source

Near

Far

Fast neutrons

Thermal 

neutrons

High Hydrogen conc.
High Porosity

Low Count Rate

Low Hydrogen conc.
Low Porosity

High Count Rate

Neutron Porosity Measurement Principle (1966)

§ Basic measurement uses a neutron 

source and typically two thermal 

neutron detectors to compensate for 

environmental effects (salinity, 

temperature…)

§ The source may be a radioactive 

source (241AmBe, 252Cf) or an electronic 

neutron generator.

§ The neutron elastic diffusion is very 

sensitive to the content in hydrogen of 

the formation

Oil well characterization 

(Schlumberger)

Borehole 

fluid

Formation 

to be 

measured
Sensors + 
Electronics

Casing + 
Cement

* Images taken from www.nasa.gov, and from 
Unzueta’s, and Mauborgne’s talks  in WANDA 2020 

• Characterization of materials rely on measuring neutron-induced gammas

• These depend on:

• Precise and thorough experimental knowledge

• Incorporation of data into evaluated files

• Proper handling through transport codes, so that information is not lost



CapGam Web Application –



CapGam Web Application

Tabular data and option to 

download numerical values

New feature:

Histogram of intensity vs. energy



4 Transforming our vast body of data 

into something unexpected



4What applications come to mind when 

you think of a nuclear reactor?

• Power

• Decay heat

• Medical isotope production

• Neutrino Oscillations 

• Non proliferation
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Antineutrinos from a reactor 

are a really hot topic



4 Nuclear Physics Powering a Reactor

• Fissile material, such as uranium or plutonium

• Neutrons are used to induce fission

• Products of fission : 2 lighter nuclei and a few neutrons

• New neutrons carry on, and on, and on the process

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=eBqT14LF9RudEM&tbnid=62noM7pNixIzBM:&ved=0CAUQjRw&url=http://theperiledsea.ning.com/group/earth-s-changes/forum/topics/songs-nuclear&ei=THdMUdPVK-L40gGis4GwAg&bvm=bv.44158598,d.dmg&psig=AFQjCNEImI-WrIJyRzhnMbBXUUz1ZR2s_w&ust=1364052117481056
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=eBqT14LF9RudEM&tbnid=62noM7pNixIzBM:&ved=0CAUQjRw&url=http://theperiledsea.ning.com/group/earth-s-changes/forum/topics/songs-nuclear&ei=THdMUdPVK-L40gGis4GwAg&bvm=bv.44158598,d.dmg&psig=AFQjCNEImI-WrIJyRzhnMbBXUUz1ZR2s_w&ust=1364052117481056


Yields of Fission Fragments

More than 800 

nuclides produced 

in the fission of 
235U

235U

Flux ~ 1020 antineutrinos / s



Simple Example : 137Cs

137Ba

137Cs

5%

95%

S(E)=N W (W2-1)1/2(W-W0)
2 F(Z,W) C(Z,W)(1+)
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The Summation Method

Low precision (~10 % uncertainty) but …

• Can calculate for any fissioning isotope

• Has direct link to underlying physics

• Doesn’t rely on a single measurement

)()( ESCFYES ii
Cumulative Fission 

Yields Individual 

Spectra
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Summation Calculations for 235U

A.A. Sonzogni, T.D. Johnson, E.A. McCutchan, Phys. Rev. C 91, 011301(R) (2015). 
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_

 epn

The ghost particle

 enp
_


Bethe-Peierls (1934) – detection through inverse beta decay

The problem: cross section for reaction is ~10-44 cm2 !!!

That’s 10-20 barns !!!

“The chances of a neutrino actually hitting something as 

it travels through all this howling emptiness are roughly 

comparable to that of dropping a ball bearing at random 

from a cruising 747 and hitting, say, an egg sandwich” 

-- Hitchhiker’s Guide to the Galaxy

Antineutrinos are produced in beta decay

Average distance travelled in lead brick

1 light year

How do you measure something 

with no electrical charge interacting 

only through weak interaction?
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Ghostbusting with Probability

Intense source of 

neutrinos Really big detector

How to detect the ghost particle ?

 enp
_



And some nuclear physics !

𝜈
_ 𝑝 𝑒+

𝛾

𝛾

𝑛

Gd

𝛾

𝛾

ΔT~30μs
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4
The Neutrino Discovery (1953)

Outside the Box thinking

Cowan and Reines:

1995 Nobel Prize for detection of the neutrino

Approved at Los Alamos

A saner approach : 

Nuclear Reactor

Savannah River



4 More outside-the-box thinking
“In regard to nuclear proliferation and arms 

control, the fundamental problem is clear: 

Either we begin finding creative, outside-the-

box

solutions or the international nuclear 

safeguards regime will become obsolete.”

‐
M. ElBaradei, 

then Director General of the IAEA

Washington Post, June 14, 2006

• Neutrinos go through everything

• Large investments in neutrino 

detection technology

• Understand neutrino flux from reactors



Different signal 

in

• Shape

• Maxima

• Number

Can be used in non-proliferation and reactor monitoring

Advantages : Non-intrusive, “real-time” measurements 

Exploit differences in signal
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Active and exciting developments worldwide

Many efforts

• USA

• Canada

• Japan

• France

• Brazil

• Italy

• UK

• Korea



4 Watchman experiment



Want more fun facts about nuclei?
Follow us on Twitter!!

@NNDC_BNL



4Take away message

Main thing to take away from this talk

• We work for YOU!!

• Comments/suggestions/criticisms are 

welcome

• You (should) shape the future of nuclear data

http://www.nndc.bnl.gov/wallet/wc8.html
http://www.nndc.bnl.gov/wallet/wc8.html
http://www.nndc.bnl.gov/exfor/endfb7.1.jsp
http://www.nndc.bnl.gov/exfor/endfb7.1.jsp
http://books.google.com/books?hl=en&lr=&id=f1oahKZsJ2gC&oi=fnd&pg=PA1&dq=Mughabghab&ots=OcreSzo1j9&sig=fWUvAt0K7RCzBM4Wr3FwCgEas_w#v=onepage&q=&f=false
http://books.google.com/books?hl=en&lr=&id=f1oahKZsJ2gC&oi=fnd&pg=PA1&dq=Mughabghab&ots=OcreSzo1j9&sig=fWUvAt0K7RCzBM4Wr3FwCgEas_w#v=onepage&q=&f=false

