


Take away message

Main thing to take away from this talk
* We work for YOU!!
 Comments/suggestions/criticismsare welcome
* If you notice an error, tell us




We’'ve come a long way




Do you use Nuclear Data?

If you ever simulated a detector response

If you ever simulated the nuclear decays of materials
If you ever simulated nucleosynthesis

Then you have used nuclear data

If you work with an accelerator

If you use electricity from a nuclear power plant

If you or someone you know ever needed a medical
treatment that used medical isotopes

Then someone else used nuclear
daia on your behall



What comes to mind when you hear ...

Database
Evaluator



A data evaluation is ?

Reading the literature

Taking averages

Making tables

thus... BORING




Nuclear Data Program

Link between basic science and applications

Nuclear Science Community
* experiments
 theory

Application

Community
Nuclear Data Community needs data:
4 compilation 4 complete
4 evaluation 4 organized
4 dissemination 4 traceable

4 archival 4 readable



Users of Nuclear Data ?

Applications, Applications and More Applications

Nuclear Power

Nuclear Medicine Stockpile Stewardship

Detector Simulations Homeland Security



US Nuclear Data Program

The mission of the United States Nuclear Data Program (USNDP) is to provide current,
accurate, authoritative data for workers in pure and applied areas of nuclear science and
engineering. This is accomplished primarily through the compilation, evaluation, dissemination,
and archiving of extensive nuclear datasets. USNDP also addresses gaps in the data, through
targeted experimental studies and the use of theoretical models.
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National Nuclear Data Center

www.nndc.bnl.gov




Nuclear data are ...

Numerical values of nuclear physics quantities

* Bibliographical - index of publications(partially key-worded)

 Compiled - formatted and searchable collection of published
results (typically experimental)

e Evaluated - recommended values obtained using all available
knowledge (assessment of available experimental data combined
with nuclear theory modeling, supported by
experience and, if possible, validation against integral
experiments)



Two main efforts in nuclear data

They are complementary and we support both

Evaluated Nuclear Evaluated Nuclear
Data File Structure Data
File
EXFOR XUNDL
Compiled Nuclear Compiled Nuclear

Reaction data Structure data



The USNDP main products and the
nuclear data pipeline

‘ www.nndc.bnl.gov

Our work begins when data
is (or should be) published

Code development: Actively
develop codes that support our work

Archive: Seek “abandoned” data
and archive it before it is lost

Address gaps: Perform targeted
experiments to address gaps in
databases

NuDat SIGMA EXFOR Nuclear

searches Data Sheets



Example of our Nuclear Science
References (NSR) database

Let’s say we want a list of articles that measured neutron
induced fission cross sections on Uranium-235.

l J

We could go to Keywords
google scholar
(free)

27,700 /

Results!

And the first
articles, while
very relevant,
don’t have the
experimental
data we need!




Or we can try Web of Science

Requires subscription...and not particularly helpful



Alternatively, we can use NSR

Initialization Parameters

Search parameters

Publication year range: | 1896

Primary only: []

Output year order: O Ascending

t0l2018

View All: []

[;muire measured quantity: ]

vescendaing

Output format: @ HTML O BibTex OText O Keynum O Exchange
@ Search all entries O Search entries added since |1 v|/[12 v|/[2018 v |(month/day/year)

e

Search Parameters \
- Target v 1235u browse...
AND
-Incident  v|n browse...
O
- Measured v |/SIGMA browse...
4
Search Reset




NSR Result : 289 articles

Found 289 matches. Showing 1 to 100. [Next]

Back to query form

2016DI03 Phys.Rev. C 93, 034614 (2016) Description of

M.Diakaki, for the n_TOF Collaboration the art|C|e

Neutron-induced fission cross section of 237Np in the keV to MeV range at the CERN n_TOF facility

NUCLEAR REACTIONS 235.238(n, F), E=0.1-9 MeV; 237Np(n, F), E=0.1-9 MeV; measured fission o(E) using fast ionization
chamber at high-resolution and high-intensity facility n_TOF at CERN. Comparison with previous experimental data in
literature and EXFOR database, and with ENDF/B-VII.1, JEFF 3.2, and JENDL 4.0 evaluations. 237Np(n, X), (n, F), E=0.1-20
MeV; calculated cross sections for the main neutron-induced reaction channels in Hauser-Feshbach formalism using the
EMPIRE code, and comparison with experimental data in the present work and EXFOR database; deduced final fission barrier

parameters for 236:237,238\p

doi: 10.1103/PhysRevC.93.034614
Data from this article hgve been entered in the EXFOR database. For more information, access X4 dataset22742. Access publication in

PDF format. A

Link to journal

Link to data

And you can only e-mail Boris Pritychenko or
Joann Totans for free help (~200 e-mails/year)




Evaluated Nuclear Structure Data File

ENSDF

3,333 nuclides
~10,000 Reactions
~4,200 Decay

It is Unique: Only Nuclear Database of this kind in the world
It is Complete: All nuclei and all level and radiation properties
It is Versatile: Feeds back into both basic and applied sciences



ENSDF in a Nutshell

Properties of Nuclei And how they decay
60Ni
Level energies, spin, parity, half-life, ... Radiation energies, intensities,

Gamma-ray energies, intensities, ... decay modes ....



Why do we need ENDSF?

Arbiter of the “Truth”

Half-life of ®He

Used in all spectroscopy
aspects

Input for other nuclear physics fields

Gamma Alpha

Wide range of applications
require decay data




ENSDF and FRIB

ENSDF is essential for planning, designing, performing
and interpreting FRIB experiments

As an example:

 Gamma-rays are routinely
used to identify
fragmentation products

 ENSDF is the only place to
search them in live-time

Nuclear Data Working Group established
within FRIB Users Organization in order
to develop data needs for FRIB



ENSDF Searching O

Levels
And Gammas



The Friendly Face of ENSDF

Upgrades typically follow users recommendations




ENDF in a Nutshell

And how they interact

Cross section: related to the size of a nucleus
Probability of “hitting” the nucleus ~ nR?

®—> 1 barn (b) = 1024 cm?

 Crosssection as a function AU U T T T O O OO O O O A
of incident particle energy

 Energy and angles of
reaction products

* Neutron resonance
parameters

 Neutron multiplicities

* Fissionyields

1 L] 1 1 L] L] 1 1 L] L] 1 L] L]
o E-5 E4 E3 E2 E-1 E+0 E+1 E+2 E+3 E+4 E+5 E+8 E+7
Incident Neutron Energy (eV)

Cross Section (b)
m

50




Evaluated Nuclear Data File (ENDF)

Data needed in many applications, for
instance, design, operation and
decommission nuclear reactors

235U(n,ﬁSSi0n) /

/ /

238U(n,y)

1H(n,n’)




How to use the databases ...




Web Dissemination

5000000

NNDC Web Retrievals

4500000

4000000

Others
3500000 Sigma
m Wallet
3000000 -
u CAPGAM
2500000 MIRD
ENDF
2000000 = EXFOR
1500000 NUDAT
W ENSDF
1000000 u NSR

0 4
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Japan Earthquake
Friday 3/11/2011
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Nuclear Data Sheets Journal

Began in 1966, currently publishedby Elsevier.

NNDC responsible for editorialrole and management
Original mission was to publish ENSDF evaluations and
Recent References (NSR).

Startingin 2006, oneissue per year is devoted to nuclear
reaction related articles.

Unusualinthat we publish ~20 manuscripts peryear



Wallet Cards

* Pocket reference for properties
of all 3,333 ground states and
also long-lived isomers

 Update to 2018 being performed
as we speak

 Mobile app being developed

For ground state and isomers

e Spin/parity
* Mass excess
 Half-life

e Decay mode



Example Application



Recent measurements of 0,




Anti-neutrinos from reactors

Detection through inverse 3 Reactors are copious
decay on proton producers of antineutrinos

Vet+tp—oet+n
But cross section s tiny !!

(g)~10"1 mb

Reaction threshold : ~1.8 MeV



Daya Bay Results

Intense source of v, Distance from reactor

\

| 01

100 ton
detectors

400 m

Sin2(2913)=0.084 (5)

F.P. An etal, Phys. Rev. Lett. 115, 111802 (2015)



Or not ?




And then the story got more interesting

Analysis of all experiments close to reactors

Measured / Predicted

Deficit in antineutrinos in all short baseline experiments



And then the story got more interesting

Re-analysis + New Daya Bay results

Data/prediction = 0.946+-0.022



And more interesting

The “bump” :

An excess of measured antineutrinos relative to predictions

F.P. Anetal, Phys. Rev. Lett. 116, 061801 (2016)



What are the implications?

Many possible explanations

* Predicted Antineutrino spectrum is incorrect
 Experimental bias in all experiments
* New physics at short baselines

e Existence of one (or more) neutrinos
beyond the standard model



Understanding reactor v, fluxis nuclear physics

Reactor
Antineutrinos

7 1
A problem at the top of the
nuclear data pyramid.

~_

More than 800
nuclides produced
in the fission of 23°U




Simple Example : 13/Cs

137CS
95%

5%

I(E)=N W (W2-1)2(W-W,)2 F(Z,W) C(ZW)(1+5)




Approaches to calculating the v, flux

Ab-initio Method or Summation Method

Individual Beta spectra Fission Yields

&S

Conversion Method

* Take total beta spectrum from actinides and convertinto v, spectrum

e The anomaly and bump come from this method



Summation for 23°U




Summation for 23°Pu




Main Contributors at ~5 MeV

37-Rb-92 41-Nb-100
39-Y-96 39-Y-96
41-Nb-100 37-Rb—92
55-Cs-142 55-Cs-140
37-Rb-90 55-Cs-142
55-Cs-140 38-5r-95
52-Te —135 52-Te-135
38-Sr-95 39-Y-98m

39-Y-96
41-Nb-100
55-Cs —142
52-Te- 135
37-Rb-92
55-Cs- 140
53-1-137
39-Y-99

37-Rb-92
41-Nb-100
55-Cs-142
52-Te-135
39-Y-99
55-Cs-143
53-1-138

Top 10 contribute ~60% to the overall spectrum

New measurements underway based on these sensitivity studies



Dissecting Reactor Antineutrino Spectra

Can we disentangleindividual isotopes from the total spectrum?



Beta Decay Basics

IE)=NGH (W--1)"/2(W-WoPSF(Z W) C(Z,W)(1+6)

\/

I



A tree from the forest

IBD spectrum

More than 800 fission
fragments produced !! Antineutrino Energy (MeV)

e “Fine structure” in summation
e Conversionis featureless




A tree from the forest

NEOS

More than 800 fission y )
fragments produced !! Dream

Daya Bay




A Simple way to analyze

Consider ratio of adjacent

Several Nucle
adding up

:J

Single Nucleus,
sharp cut-off

points of the spectrum
5i

R, =
© o Sim

Plotted as a function of average
energy bin 0.5*(E+E,,)

|




Fine structure in Daya Bay?

l e Peak observed
around 4.5 MeV

l l * Summation not

perfect but
trends are there



Nuclear data under a microscope

“Fine structure” can be
attributed to just 4 nuclides




Feedback on our products

 We work for YOU!!
 Comments/suggestions/criticismsare welcome
* If you notice an error, tell us
mccutchan@bnl.gov




Conclusions

We are here for you!



