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This talk has

87 slides

and the requirements document has

31 Pages
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Outline (roughly)

HOUR 1
m Goals, use cases, etc.

= Preliminaries

e |low-level containers
« designators
 documentation

" The Top: <eval uat1 on>

e <reactil ons>

- special two-body
- plain old reactions

e <resonances-=

= The Other Top:
<set O Covari ance>

Brookhaven Science Associates

HOUR 2

= <mret aEval uati on>
= Special cases:

« Atomic data
* FISsion
e Fission Product Yields

» Large Angle Coulomb
Scattering

Particle production
« Thermal Scattering Law

s Odds-n-ends
» Thanks & Blame
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Goals

= The hierarchy should reflect our understanding of
nuclear reactions and decays, and clearly and uniquely
specify all data.

= |t should support storing multiple representations of the
same quantity simultaneously (e.g. evaluated and
processed data).

= Should support both inclusive and exclusive reaction
data (i.e., discrete reaction channels as well as sums over
those channels).

= |t should eliminate redundancy where possible.

= |t should make use of the general-purpose data
containers designed by the first SG38 project group.

Brookhaven Science Associates 5 NATIONAL LABORATORY
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Bonus goals

(1) Support all data and
all forms in ENDF format and
all ENDF-formatted libraries

(2) Fix (or at least document)
all of the corners cut In the
development of ENDF

Brookhaven Science Associate:
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Use cases to keep in mind

= Particle Transport:

e All cross sections

 All outgoing energy and angle probabilities for all emitted particles for
chosen reactions that are energetically possible

« Multiplicities for all emitted particles If not constant.

= |[sotope Burn-Up:
e Cross sections and

 optionally outgoing spectra for chosen reactions that are energetically
possible

« all produced particles decay so that a time dependent isotope
iInventory may be computed.

= \Web Retrieval: data will only most likely be visualized

Brookhaven Science Associates 7 NATIONAL LABORATORY
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Gotchas

= |[s It a material property or a reaction property?

« Answer: It is a material property if it is independent of the excitation
mechanism

« Examples: mass, level excitation, BR’s for decays out of a level, ...

= Different optimal representation in different physical
regimes
« Example: resonances and high energy data in same evaluation
« Part of solution: <net akEval uat 1 on> (an enhanced xsdir-like facility)

= Ensuring consistency
« Some things we can do in the format (e.g. material database)

« Some things need to be done in the supporting infrastructure

- Need checking functions
- Need fixing functions
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Notational aside(s)

crossSection
Y=
o g

/ nati veDat a

» Data Is viewed as a tree

= Nodes on tree are
denoted <el enent >

m Attributes/member data of
a hode are denoted

attri bute

= Names are for discussion
purposes only; change
them if you don’t like
them, you won'’t hurt my
feelings
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Caveat: In only two hours, we won't
get to many detalls

= No talk of cross section representations

» No discussion of how to reconstruct resonances & how to
connect them to the cross sections

= No talk of any parameterized data, including, but not limited
to:
« Kalbach-Mann systematics
« Madland-Nix model
* Interpolation schemes
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Outline (roughly)

HOUR 1 HOUR 2
H [ |
®» Preliminaries o
* low-level containers 0
« designators o
 documentation o
. o
¢ m
- [ |
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Preliminaries: low-level containers (1)
To be discussed In detall by M. White

= float, int and string

= <| | st > or vector must specify
type of object in the list

= <mat r I X>, must specify
dimensions. May be banded,
symmetric, etc.

= <t abl e>, like a matrix, but the
columns have labels and units
and maybe even data-type
Information

= orthogonal function expansion,
Legendre polynomials being the
most obvious

Brookhaven Science Associates 12
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Preliminaries: low-level containers (2)
To be discussed In detall by M. White

" < nt er p2d>: interpolation
table for univariate data, I.e.
X VS. f(X)

= <| nt er p3d>: interpolation
table for bivariate data, I.e.
(X,y) vs. f(X,y)

" < nt er p4d>: interpolation
table for trivariate data, I.e.
(X,y,2) vs. f(X,y,2)

= Should we put of(x) In the
container too?

BROOKHEAVEN
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Preliminaries: low-level containers (3)
To be discussed in detail by M. White

= <axl s>: Where appropriate
(particularly on interpolated
types), we need to specify
Interpolation details, units,
labels, etc.
« Specify names of X, y, z, ... axes
« Specify normalization (if any)
« Specify units in all directions

« Specify interpolation scheme(s) or
group boundaries

« Specify reference frame

* |f interpolation the table refers to a
probability distribution function
(PDF), we also must specify whether
IS Normal or Log-Normal BROOKHRUEN
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Preliminaries: low-level containers (4)
To be discussed in detail by M. White

= <t ext >: marked up text,
either in HTML, Markdown,
or plain old text. The format
must be denoted. Must
allow unicode!!!!

= <| | nk>, a relative or
absolute URL

BROOKHRVEN
NATIONAL LABORATORY
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Preliminaries: material designators
Just a suggestion as C. Mattoon will discuss

= Aliases: A limited number/scope of aliases
for commonly used particles or to
associate a level of an isotope with an
Isomer.

= Compounds: e.qg.
c Free String Describing Materl
al , Useful for TSL data

= Elements: SynD for atomic data
= |sotopes: SymAe.qg. Fe56

" Levels of an isotope: SymA eN, V51 el

for the first excited state. Use SymA c for
continuum.

= Electronic shells of an atom: SynD_eN,

e.g. VO el for the first shell. Use SynD c
for continuum.

Brookhaven Science Associates

IM THE AVATAR, MASTER
OF ALL FOUR ELEMENTS!
REALLY? TM MENDELEEV,
MASTER Oﬁ AL |18+

THAT WAS POLONIUM-BENDING

YO PROBABLY DIDNT FEEL

ANYTHING, BUT THE SYMPTOMS
OF RADIANON POISONING

WILL SET IN SHORTLY.
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Preliminaries: reaction designators
Just a suggestion as C. Mattoon will discuss

Brookhaven

Shared/agreed upon with EXFOR

Not be limited to simple targets (for TSL)

Aliases for things like el astic,total fission,capture
Need to distinguish input vs. output channels

Allow n-body processes

Variable multiplicity processes

Sequential processes (esp. 2-body)

Annotation (e.g. conpound el asti ¢ and shape el asti c)

«

“C

Triple-alpha reaction:
Hed + Hed -> Be8 + ¢
He4 + Be8 -> (Cl2 Hoyle -> Cl2 + Q)

0 Proton Y Gamma Ray
Neutron BROOKHRVEN
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Preliminaries:

All data contained In <f or n» elements
(this name is from GND)

m All the data needed to reconstruct the observable

« Examples:

- X-Yy Iinterpolation table for a cross section

- grouped cross sections

- Legendre moments of an angular distribution
- parameters of the Madland-Nix PFNS model

= There may be more than one for an observable

= Only one original data; this one may have <| | nk>s to
covariance data

= All derived point to original with a nat 1 veDat a link

" The nat 1 veDat a concept is so useful that we will use
It In several places

Brookhaven Science Associates 18 NATIONAL LABORATORY
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Preliminaries: documentation

= Allow metadata (just keywords for search engines?)

B EELE = DOI markup (using a <l I nk> element)
Title, date, abstract = Have markup for title (using a <t ext > element)
Authors, affiliation, = Evaluation date markup
contact info = |ibrary acceptance date markup
(library maintainers make this up)
Version information = Have markup for abstract (optional, using <t ext >)
= Have markup for authors (names, affiliation, email,

The writeup itself, . .
- I?ITMLe P etc.). Who is corresponding author? How should

this be structured?
= Have markup for the evaluation version

Bibliography

= Allow free text write up (using a <t ext > element)

= Have markup for the bibliography. How should this
be structured? In principal it should be shared with
EXFOR.

Brookhaven Science Associates 19 NATIONAL LABORATORY
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DOI's are unique 1d’s
publication/dataset;

ol.org resolves them to URLS

HANDBOOK | FACTSHEETS | FAQs | RESOURCES | USERS | NEWS | MEMSERS AREA

on a

Resolve a DOI Name

Type or paste a DO! name (e.g., 10.1000/182)
into the text box below.

110.1016/j.#¢5.2011.11.002

This is the web site of the International DOI Foundation (10F), which provides information on the DOI (Digital Object Identifier) system and
its activities. The DOI system provides a technical and social infrastructure for the registration and use of persistent interoperable
identifiers for use on digital networks. The DOI system implements the Handle System and the (ndecs Framework.

The IDF is the govermance and management body for the federation of Registration Agencies providing DO services and registration, and Is
the registration authority for the IS0 standard (IS0 26324) for the DOI system.

For informatson on the DOI system as a whole, consuit the Handbook, FAQs and Factsheets on this site, For information on specific
applications of the DOI system, contact the relevant Registration Agency. For policy, management, technical questions and operational
fssues, contact infoRdoi org. Send comments or questions about the web site, mailing lists, password access, etc, o contact@doi org.

Updated 9 Aped 2013 DO(®, DOLORG™ and sheetDO® are trademarks of the Itemational DOI Foundation.

Brookhaven Science Associates

DOL.ORG® In the News

DOI System reaches one billion resolutions per
yeur

China Naticoal Knewledge Infrastructure (CNIG)
. DOI Regtsteat

| 33l infr n

More News & Press Coweroge

Subscribe to the DOI News Mailing List.
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DOI's are unique id’s on a
publication/dataset;

ol.org resolves them to URLS

SciVerse Hub  SclenceDirect Scopus Applcatons
ScienceDirect

Home | Publications | Search | Mysellings | My alerts | Shopping cart

Rogiser Legn B

Go 1o SciVal Suite

B Bxpontcmtion 9 POF (7561 K)  More opicns. ™ | X Search |
Bibliographic information ®
Tk Nuclear Data Sheets Citing and related art.ces o
Volume 112, Issue 12, Decomber 2011, Pages 2887-2996
This articke belongs to a special issuve
Specl Issue on ENDF/B-VILT Library
HANDBOOK FACTSHEETS | FAQs Special Issue on ENDF/B-VII.1 Library
Edited By Pavel Oblolinsky
Other articles from this special issue
ENDF/B-VII.1 Nuclear Data for Science and Technology: Cross 0
Sections, Covariances, Fission Product Yields and Decay Data Pavel Oblotinsky
M.B. Chadwick® &8 M. Herman®, P. ObloZinsky®, M.E. Dunn®, Y. Dancrf?, A.C. Kahier®, D.L. Smith®, B b Show more ormation
Pritychenko®, G. Arbanas®, R. Arcilla®, R. Brewer®, D.A. Brown®™ ', R. Capote?, A.D. Cartson”, Y.S. Cho™, ENDE/B-VII.1 Neutron Cross Section
H. Demien®, K. Guber®, G.M. Hale®, S. Hobit®, S. Holloway®, T.D. Johnson®, T. Kawano®, B.C. AC. Kahler RE. MacFariane - R.D. Mostellor
Kiedrowski®, H. Kim™, S. Kurieda® ©, N.M. Larson®, L. Leal®, J.P. Lestone®, R.C. Little”, EA S R
McCutchan®, R E. MacFariane®, M. Macinnes®, C.M. Mattoon', R D. McKnight®, S.F. Mughabghab®,
G.P.A. Nobre®, G. Paimiotti®, A. Palumbo®, M.T. Pigni®, V.G. Pronyaev', RO, Sayer®, A A. Sonzogni®, Evaluated Nuclear Data Covariances
4 N.C. Summers’, P. Talow®, 1.J. Thompson', A. Trkov, RL. Vogt!, 5.C. van der Marck®, A, Waliner, M.C Donald L. Smith
White®, D. Warda®, P.G. Young* » Show more informaton
' Los Alamos Nasionad Laboranory, Los Alamos. NM B7545, USA )
* Brookhaven Natonal Latoratary, Upton, NY 11373-5000, USA View mor aricies »
Oak Fidge National Laboratory, Oak Ridge, TN 378316171, USA Related articles
S O R b P Dosimetry User's Perspective on Co
* Argonne Natonal Laboratory, Argonne, IL 604354842, USA 2008 Nut;: Dats i o
' Lawrence Livermore Natonal Laboratory, Livermore, CA S4551.0808, USA
P : > b Show more nformaton
This is the web site of the International DOI Foundation (10F), § " Internationsl Atomic Enengy Agency. Vienne-A- 1400, PO Bax 100, Awstre
iits activities. The DOI system provides a technical and social inf * Nationad Insttute of Standards and Technology. Gathersburg, MO 20836-8483, USA ENDF/8-VII.1 Neutron Cross Section
identifiers for use on digital networks. The DOI system implemy Insttute of Physcs and Power Enginoerng, Obeinsk, Russian Federation 2011, Nucioar Data Shoets
Jozef Stefan Insttuse, Jamova 39, 1000 Lubiara, Soverls » Show more niorraton
The IDF is the governance and management body for the fedena * Nuclear Research and Consutancy Geoup, P.O. Box 25, NL-1755, ZG Petien, The Netherlands
the registration authority for the IS0 standard (150 26324) for ¢ Faculy of Prysics, Universty of Vierna, Washringer Sirases 17, A- 3090 Vienns, Ausira Neutron Cross Section Covariances f
. s . . o4 2011, Nucisar Data Shwets
For informatson cn the DOI system as a whole, const the Hang RN P S e ‘:‘“""') :""5"” :"‘
" idaho Nationad Labormiory, idaho Fals 1D B3415, US
ications of the DOI system, contact the relevant Registratio Appiications and 1ocls )
::;‘ contact . Send boul * Japan Alomic Erergy Agency, Tokakmurs Naka-gun, iDaraki 319-1195 Japan
9 info@dai org. comments or questions a Workspace @
Updated 9 Aped 2013 DO(®, DOLORG™ and shereDO(® are trademarks of the Itemational DO Foundaticn.
/?
Brookhaven Science Associates 21 NATIONAL LABORATORY

Sunday, December 8, 13



osti.gov and datacite.org want
DOI’s on all nuclear data in US;
likely by end of FY14

sDOI's are unique i1d’s on a publication/

dataset

NNDC will generate them for NNDC-generated data

If CSEWG & USNDP OK, we will assign DOI’s for all US nuclear
databases

We decide on URL scheme

We provide a permanent URL to a dataset,
datacite.org maintains the DOI->URL redirect

We promise to maintain URL's forever (or provide tombstone)

= This Is a very good thing

» Glves proper credit to evaluators

» Generates citations (always good for performance appraisals)
el

ONAI

Brookhaven Science Associates
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How does this affect us? d

= ENDF borrows from other

libraries

We’d like to be able to give proper credit;
e.g a JAEA DOI for a JENDL-4.0 derived
evaluation rather than an NNDC DOI

= What about partial

evaluations?

Fine grained DOI’s (i.e. on evaluation parts)
allow us to make Frankenevaluations with
proper attribution.

My 20Zr evaluation, part
ENDF, part JENDL-4, all ugly

BROOKHEAVEN
NATIONAL LABORATORY
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Preliminaries: documentation

Frankenevaluation (built from other evaluations);
DOI's for each unique contribution, linked to URL of contribution

O Therefore,

,//‘ <docunent at i on>
Four DOls, IS a legal element

e © @ eachlinkedto that may appear in

\ U"\;’- OfftOP numerous levels in
noae o -
@) i ) the hierarchy
\ contribution
@, ©

/N SN

@ @ O
BROOKHEVEN
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Outline (roughly)

HOUR 1 HOUR 2
" The Top: <eval uat1 on> y

e <reactil ons>

- special two-body
- plain old reactions

e <resonances> r

Brookhaven Science Associates 25 NATIONAL LABORATORY
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The top level: an <eval uation> ;_,
Qzloro

evaluation

D S S ¥

reactions resonances localMaterialDatabase documentation

= One temperature only; one projectile; one target material

= <| ocal Mat er1 al Dat abase> Fulfills need to override
default material information with what is in a file (esp. for older
evaluations) -- will not cover, see C. Mattoon

m <react1 ons> Isthe base of most kinds of reaction data

= <resonances> are for anything explicitly described by the R
matrix (basically ENDF MF=2, MT=151)

Brookhaven Science Associates
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How to organize: | |
Energy-major or Reaction-major?

Energy-major is good? Energy-major is bad?
= Natural output of a reaction model = Very difficult to plot say a cross
such as EMPIRE or TALYS section as a function of incident
» Energy-major is natural for sampling energy
In Monte Carlo transport = Very difficult to compare to
= One can see at a glance what experimental data
channels open and compete with one = Requires major refactoring of Monte
another Carlo codes are needed to get
» Helps eliminate background cross benefits
sections in the resonance region = Difficult to diagnose unphysical
discontinuities as a function of incident
energy
On th e b al alncC e, = Hard for deterministic codes to use
= Not familiar to users as legacy ENDF
I recommen d data is stored with the reaction-major
i i arrangement
reaction-major ]

Brookhaven Science Associates 27 NATIONAL LABORATORY
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reactions

parameterizedTwoBodyReaction

-O-|- documentation

| 1 dcrossSection_dOmega

reaction

<reacti ons>

documentation

crossSection

—OH documentation

—(O4 distribution

reactionProducts

documentation

—Oq product

.

aveEnergyReleased

aveForwardMomentumReleased

transferMatrix

Ot

documentation

multiplicity

distribution

+
[
=

1or0

Any
num.

BROOKHAVEN
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What do we need to know about to
designate a reaction?

<reaction>or
<par anet eri zedTwoBodyReact

<r esonances> (only 2 body)

L on>

= reaction designator

= Kinematics type

= relativistic/non-relativistic flag
= ENDF MT (if appropriate)

Should there be a

shared <channel >
markup?

Brookhaven Science Associates

= reaction designator

= kinematics type

= relativistic/non-relativistic flag
= ENDF MT (if appropriate)

= s, | J,

= other user-definable quantum
numbers (e.g. K)

= pboundary parameter Bc
= channel radius information
= sign of reduced width

NATIONAL LABORATORY
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Specifying the kinematics with a
KI nType

kinType Description

two-body only two products are emitted per
channel, the products are cor-
related, and only the center-of-
mass angular distribution is needed
in order to calculate the double-
differential distribution
uncorrelated the products are uncorrelated from
each other, and a complete double-
differential distribution is required
in order to describe each product
activation no outgoing particle distributions
are needed since this is just activa-
tion data

,,  BROOKHAVEN
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Left branch: The
<par anet eri zedTwoBodyReact |1 on>

yALN

= Two-body kinematics

= Store do(F)/dS) as
parameterized data

= Sometimes it Is the only way,

« e.g. Large Angle Coulomb
Scattering (LACS) data

= <products> element contains
| ot docurmen RS data <form>s (deep down)

parameterizedTwoBodyReaction

-0 documentation

| | dcrossSection_dOmega

+=1 = Used In a variety of special
= cases.
1 Oof O —OH product _ . _ _
 atomic scattering using Klein-
X: Any Nishina formula

« Thermal Scattering Law (TSL)
e LACS BROOKHAVEN
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Right branch:
Familiar <r eact1 on> tree

reaction = Two-body reactions:

M _ do(F) 1
documentation _— E, F E
ds) 27 U( ) (,u\ )

« | | crossSection

= Everything else:

——O1 reactionProducts

do(F) 1
— —o(E)P(u, E'\E
|—O{‘ documentation deE/ 27‘(‘ ( ) (M? ‘ )
—(0O<] product
BROOKHEVEN
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<pr oduct > element holds everything
about a product

product

documentation

—-OH multiplicity

—(0O4 distribution

\-Oé component

Brookhaven Science Associates

» Multiplicity may be just an 1 nt and be
obvious (n,2n)

* May be Interpolation table (for nubar
data)

* May want to rename for e.g. nubars
» May want P(nu) for fission

* The distributions are divided Into
components; they are listed on the next
slide

BROOKHEVEN
33 NATIONAL LABORATORY
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A <di str 1 buti on> collects all the
possible representations of an
observable together

<component > <fornvp ENDF equivalent
pointwise MF4 LTT?2
angular Legendre MF4 ;I?Tl
1sotropic MF4 LTTO
recoil MF6 LAW4
pointwise MFS5 LFE1
Evaporation Spectrum |MF5 LEF9
energy Maxwellian MFE5 JF7
Watt Spectrum MF5 LF11
Madland-Nix MF5 LEF12
N-Body Phase Space |MF6 LAWG6
energy-angular | Kalbach-Mann MF6 LAW1 LANG?2
angular-energy | pointwise MFEF6 LAWY
uncorrelated |combination of ‘angu-|MF4 and MF5

lar’ and ‘energy’

.,  BROOKHAVEN
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<resonances->

» Standard ENDF MF=2, MT=151
(but Improved)

m <reacti onLil st >: the list of
channels/reactions in this

resonances

Ot deun S element
= <RRR> are the resolved
" el resonances
" <URR> are average resonance
H gl =1 data

9 =10r0 . Based on R matrix theory, so
ot helps to have some background
R = Any

Brookhaven Science Associates 35 NATIONAL LAB
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R matrix background

R, — eV \e!
ce - FEy — FE Given by the WF

Uce :e—i(goc—l—goc/) \/PC\/PC"(
x {1 -R(L-B)]"'[1-R(L" - B)J}ec

/

= Divide the universe with a spherical box. Boundary parciily
= Qutside box, use two-particle “free” wave functions

= Somewhere Inside the box Is the reaction zone; we don'’t
care about the details. Can write those detalls as the
Green’s function solution of Schoedinger’s equation.

» The R matrix I1s the Green’s function.

= “Everything” can be written in terms of R; with it we can

compute the scattering matrix U, so we have do/dQ.
BROOKHEVEN
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R matrix background

Brookhav

U... — o~ Hpetpor) \/pc \/pc,
x {1 -R(L-B)]"'[1-R(L" - B)]} e

“Everything” can be written in terms of R; with it we can
compute the scattering matrix U:

O, = Z P— 277)\2(1 — RU,.)

Uce IS In there, but

C/
2 2 you do NOT want to
Oce! — 7-‘-)\ch|560’ _ UCC" see the equation
dO‘a o (E) 1 > I
: = B - F)P
N i TSy

Sunday, December 8, 13



R matrix background

" R matrix t
" R matrix t
" R matrix t

Brookhaven Science Associates

neo
neo

Neo

'y works for any two particles
'y IS exact

'y IS elegant

NATIONAL LABORATORY
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R matrix background

" R matrix t
" R matrix t
" R matrix t

Brookhaven Science Associates

neo
neo

Neo

'y works for any two particles
'y IS exact

'y IS elegant

The original developers of
ENDF should be tried for
crimes against humanity for
what they did to the R matrix

39
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Relterating what we need for a
channel

<resonances> (only 2 body)

" reaction designator

= kKinematics type

= relativistic/non-relativistic flag

» ENDF MT (if appropriate)

us, [, J, ]

" other user-definable quantum numbers (e.g. K)
" poundary parameter Bc

= channel radius information

= sign of reduced width

BROOKHEAVEN
Brookhaven Science Associates 40 NATIONAL LABORATORY
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RRR

= ENDF gives a lot of possible approximations and
modifications to the R matrix; not all of these are faithful to
R matrix theory

= ENDF provides a lot of tricks to help repair damage bad
approximations cause

= ENDF also doesn’t store “Y\c; it stores 1"y, = 2P67§C.
Should we store the partial widths?

= \We will need to grandfather in all of the ENDF
approximations, no matter how bad they are.

= \We will need to grandfather in all the ENDF tricks to fix
the ENDF approximations, no matter how bad they are.

Brookhaven Science Associates 41 NATIONAL LABORATORY
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RRR

= The RRR doesn’t need a complicated format, but it
needs a complete one. All we need Is a <t abl e>:

I Atot I"Aco IMAc1 IMAc2

eV eV eV meV
1.23 9.433 0 2.33E-03 |7.1
1.46 4.833 0 2.33E-03 |4.6
3.45 1.78 1.78 0 0

» Must also store

background corrections to R matrix
background kludges to cross sections
approximation flags

overridden values of scattering radius, penetrability, shift, ...

» outgoing distributions if not calculable from RR paramgterse..o ..

Brookhaven Science Associates

42
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URR

= \We don’t know the resonances (they are unresolved)

® \\/e assume

» the resonance energies are distributed according to random matrix
theory

e the widths of the resonances are distributed with chi? distributions

= ENDF further assumes the resonances were given in
SLBW

= \With these assumptions, can compute

e average Ccross sections

 probability distributions for cross sections, e.g. P(o|E) using NJOY's
PURR module

Brookhaven Science Associates 43 NATIONAL LABORATORY
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URR

= Need: degree of freedom for each channel

» Need: table with:

* Incident energy
« average level spacing
« average width for each channel

= Need interpolation scheme for average parameters

= Should we also put a flag for the approximation (to
allow other than SLBW)?

= Should we provide a spot for PURR probability
distributions?

Brookhaven Science Associates 44 NATIONAL LABORATORY
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Outline (roughly)

HOUR 1 HOUR 2
= The Other Top: =

<set O Covari ance>
BROOKHRVEN
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The Other Top Level:
<set O Covarl ances>

setOfCovariances

o

documentation

2

covariance

weightedSumOfCovariances

Brookhaven Science Associ

covariance

:

link to covariance

ates

= Covariances can be big

= They can encode correlations
across material, reaction,
observable

However

= They are just matrices

= You just have to know how to
pack them

s <set O Covari ances> Is easy

way to group them

BROOKHRAVEN
46 NATIONAL LAB
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View covariances using block matrix
construction

Pu239
(n,elastic) (n,gamma) (n,f)
S [peesssadnesssbecy
- : -covarianceSuite
0 | ' :
= . -section O
g : — -data
5| \ection 1
S | : -data
[ I i -section 2
= A section could also 'data
= represent a sum over
several reactions
_ BROOKHEVEN
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Blocks of a covariance have to be
assoclated with the data in the <f or np
elements

-reactionSuite -covarianceSuite
-reaction O __—-Section 0
-crossSection <« -data
-reaction 1 G’\A,\A-section 1
-CrossSection arT -data
term
= \Why?

 <f or n>s have the data

e <covarl ance> are the covariance on the data

Brookhaven Science Associates 48 NATIONAL LABORATORY
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matrixData

covariance -1
=]1or0
covariance X: Any nUm
Q + Q

link to row data form

axis

link to column data form

axis

» Need <r ow> to describe the <f or np<—<covari ance>

mapping
m |f cross-correlation, need <col um> too

m The matrix itself is in <mat r i1 xDat a>

Brookhaven Science Associa

t es

49
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matrixData

matrixData

<> of

Brookhaven Science Associates

matrix

= \We understand <nmat ri1 x>, but
what Is a <mat r 1 xSandw ch>?

= |t Is just sandwich rule for
propagating covariance:

matrixSandwich

covariance

rowSensitivity

COVfij — Z SCILS; 3 COVIL /57 SCILS 47 4
,l:/j/
" FOr cross-correlations,
need two sensitivity
matrices

columnSensitivity

BROOKHEVEN
50 NATIONAL LABORATORY
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sensitivity =1or0
sensitivity X: Any num
Q + Q

link to row data form

axis

link to column covariance axis

= Sensitivity can be given by equation (e.g. RRR)
= Or can be a matrix

= <row> links to data form
= <column> links to parameter covariance
= Both row and column must be specified

Brookhaven Science Associates

51 NATIONAL LA

BORATORY
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Outline (roughly)

HOUR 1 HOUR 2
- = <net aEval uati on>
| H
|
H
~ H
BROOKHERVEN
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Gluing together evaluations:
<net akEval uat1 on>

= An xsdir-like facility is used by many institutions to glue

together evaluations

e In LANL's MCNP code system, the xsdir file allows one to connect the thermal
neutron scattering data with the neutron nuclear reaction data and even various high

energy models such as CEM.

e The LLNL transport codes AMTRAN and Mercury both allow one to define target
macros to describe the material in a zone.

e AECL, there is another, similar, facility to connect thermal neutron scattering data at
different temperatures and even different phases of the target material.

" There are other uses for connecting evaluations:

e Defining elemental evaluations
e Grouping data on same target, but heated to different temperatures

e Defining generic fission fragments through a weighted average of fission fragment
evaluations

e Putting together the parts of a TSL evaluation at fixed temperature, but including all
the scatterers.

Brookhaven Science Associates 53 NATIONAL LABORATORY
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Once we allow very energetic
projectiles, we need to consider
model-switching

@t channel (a combination of target + projectile) \

energy range 1 (105 to 4 eV)

thermal scattering data, tabulated

energy range 2 (4 — 1.5x108 eV)

output channel 1 (tabulated cross section +
product information, similar to figure 1)

output channel 2

energy range 3 (1.5x108 — 8x10¢ eV)

CEM event generator

energy range 4 (8x10% - 2?7 eV)
\ FLUKA event generator /

T BROOKHERVEN
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Think about water from a neutron’s
perspective

Dissociated | 2 x elemental H
H&O
Q 1H (99.985%) 2H
(use TSL)
373.3
Liquid water || 1 X elemental O
(use TSL) 160 (99.762%) 170 180 (0.2%)
273.16 (0.038%)
Water ice
(use TSL)
10-° 5

nnnmnﬁ’nzu
Brookhaven Science Associates E (eV)

55 ONAL LABO
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... versus water from an electron’s
perspective

Dissociated | 2 x elemental H
. H&O
2
~— Water vapor
|_
373.3
Liquid water || 1 X elemental O
273.16
Water ice
105 5
Brookhaven Science Associates E (ev) 56 Elll‘(ggxl!llmnk‘\'rgﬂ
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Defining a metaTarget

<nmet aTarget nanme="water” projectile="n">
<docunent ati on>. .. </ docunent ati on>

<axes>
<axi s index="0" |abel ="tenperature bounds” unit="K’ interpolation="Ilinear,flat”
| engt h="4">
0.0 273.16 373.16 1e9</ axi s>
<axi s index="1" |abel ="incident _energy bounds” unit="eV’
| nterpol ation="linear,flat” I ength="3">
le-5 5 1e9 </ axis>
</ axes>

<referredTargets>
<referredTarget index="0" nane="Water ice” xlink:type="sinple" xlink:href="...
axi sCoords="0, 0" stoichionetricFraction="1.0"/>

<referredTarget index="1" nane="Liquid water” xlink:type="sinmple" xlink:href="...
axi sCoords="1, 0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="2,0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="0,1" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"

xlink:href="..." axisCoords="1,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink:href="..." axisCoords="2,1" stoichionetricFraction="1.0"/>
</referredTargets>
</ et aTar get > BROOKHRVEN
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Deflnlng a metaTarget ga]gnes ithand "
- —qaertines the vali
proeetle /projectile

1\

‘<netaTarget name= ”mater”

<axes>
<axi s index="0" |abel ="tenperature bounds” unit="K’ interpolation="Ilinear,flat”
| engt h="4">
0.0 273.16 373.16 1e9</ axi s>
<axi s index="1" |abel ="incident _energy bounds” unit="eV’
| nterpol ation="linear,flat” I ength="3">
le-5 5 1e9 </ axis>
</ axes>

<referredTargets>
<referredTarget index="0" nane="Water ice” xlink:type="sinple" xlink:href="...
axi sCoords="0, 0" stoichionetricFraction="1.0"/>

<referredTarget index="1" nane="Liquid water” xlink:type="sinmple" xlink:href="...
axi sCoords="1, 0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"

xlink: href="..." axisCoords="2,0" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink: href="..." axisCoords="0,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="D ssociated water” xlink:type="sinple"
xI'ink: href="..." axisCoords="1,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink:href="..." axisCoords="2,1" stoichionetricFraction="1.0"/>
</referredTargets>
</ et aTar get > BROOKHRVEN
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Defining a metaTarget  gotta say where we
~got It from

i<docunEntat|on> .
| _

—

<axes>
<axi s index="0" |abel ="tenperature bounds” unit="K’ interpolation="Ilinear,flat”
| engt h="4">
0.0 273.16 373.16 1e9</ axi s>
<axi s index="1" |abel ="incident _energy bounds” unit="eV’
| nterpol ation="linear,flat” I ength="3">
le-5 5 1e9 </ axis>
</ axes>

<referredTargets>
<referredTarget index="0" nane="Water ice” xlink:type="sinple" xlink:href="...
axi sCoords="0, 0" stoichionetricFraction="1.0"/>

<referredTarget index="1" nane="Liquid water” xlink:type="sinmple" xlink:href="..."
axi sCoords="1, 0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="2,0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="0,1" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"

xlink:href="..." axisCoords="1,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink:href="..." axisCoords="2,1" stoichionetricFraction="1.0"/>
</referredTargets>
</ et aTar get > BROOKHRVEN
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Defining a metaTarget defines regions of
validity of

<nmet aTarget nanme="water” projectile="n">
<docunent ati on>. .. </ docunent ati on>

- — _ — — T

1%éxe55
| <axi s index="0" |abel ="tenperature bounds” unit="K’ interpolation="Ilinear,flat”
? | engt h="4">
J 0.0 273.16 373.16 1e9</ axi s>

<axi s index="1" |abel ="incident _energy bounds” unit="eV’

| nterpol ation="linear,flat” I ength="3">

le-5 5 1e9 </ axis>
</ axes>

<referredlargets>
<referredTarget index="0" nane="Water ice” xlink:type="sinple" xlink:href="...
axi sCoords="0, 0" stoichionetricFraction="1.0"/>

<referredTarget index="1" nane="Liquid water” xlink:type="sinmple" xlink:href="...
axi sCoords="1, 0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"

xlink: href="..." axisCoords="2,0" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink: href="..." axisCoords="0,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="D ssociated water” xlink:type="sinple"
xI'ink: href="..." axisCoords="1,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink:href="..." axisCoords="2,1" stoichionetricFraction="1.0"/>
</referredTargets>
</ et aTar get > BROOKHRVEN
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Defining a metaTarget  definesthe
et alar get parts

<met aTarget nane="water” projectile="n">

<docunent ati on>. .. </docunentati on>

<axes> |
<axi s i ndex="0" | abel ="tenperature_bounds” unitf’K" interpolation="Ilinear,flat”
| engt h="4"> 1
0.0 273.16 373.16 1e9</ axi s> ;
<axi s index="1" | abel ="inci dent_energy_bounds”} unit="eV’
| nterpol ation="linear,flat” |length="3">
le-5 5 1e9 </ axis>
</ axes>

<referredTar get s>

| <referredTarget index="0" nanme="Water ice” xlink:type="sinple" xlink:href="...
g axi sCoords="0, 0" stoichionetricFraction="1.0"/>

I <referredTarget index="1" name="Liquid water” xlink:type="sinple" xlink:href="...
| axi sCoords="1,0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="2,0" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xl'ink:href="..." axisCoords="0,1" stoichionetricFraction="1.0"/>

<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"

xlink:href="..." axisCoords="1,1" stoichionetricFraction="1.0"/>
<referredTarget index="2" nane="Di ssociated water” xlink:type="sinple"
xlink: href="..." axisCoords="2,1" stoichionetricFraction="1.0"/>
h</referredTargets> |
</ met aTar get > " BROOKHRUEN
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Notes on metalarget concept

=" referredTarget pointstoareacti onSul t e or another
net aTar get

= stolchionmetri cFracti on tag lets you specify, say,
chemical or isotopic make-up if multiple
ref erredTar get s are allowed

=" stolchionetrickracti on better add up to 1!

= outside of parameter ranges in axis tags, the net aTar get
does not exist

=" net aTar get only valid for listed proj ecti | e

= need to make sure every region in axes covered by a
ref erredTar get

" net aTar get s are often reusable across different libraries
BROOKHRVEN
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Outline (roughly)

HOUR 1 HOUR 2
N H
. = Special cases:

. « Atomic data

. * Fission

.  Fission Product Yields
o » Large Angle Coulomb

Scattering

Particle production
Thermal Scattering Law

Brookhaven Science Associates 63 NATIONAL LABORATORY
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Special case: Atomic data

= Includes electromagnetic (electrons & gammas)
Interactions with electronic orbitals of an atom

= Most needs we have already addressed:

« variable yields of electrons and gammas
* binding energies of shells (material database issue)

 tabulated energy transferred to atom (need a special <f or n» In
the <di stri buti on>)

= put...

Brookhaven Science Associates 64 NATIONAL LABORATORY
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Special case: Atomic data

= For (in)coherent photon scattering, It Is more efficient and
appropriate to use parameterized form of two body

reactions in a <par anet eri zedTwoBodyReact | on>
= Incoherent scattering:

daincoh(Ea Ela :u)

dp

= Coherent scattering:
docon(E, E', 1)

dp

dO'KN(E, El, ,u)
dp

= S(q; Z)

= 112 (1+ %) {[F(q: 2) + F'(B) + F"(E)’

= Atomic form factors should go in there own special
<dcrossSecti on_dOrega> <f or np

BROOKHRVEN
r'l LABORATORY
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Special case: Fission

= [n my mind, this is a regular channel, even though in reality it is a
large collection of channels leading to an even larger number of
decay products.

= \We have all the parts in the top level to support it, but there are
things we can do to make life easier:

= Allow reaction aliases “total_fission", = Break out delayed data by time group
“1st_chance_fission”, and put each group's delayed nubar
“2nd_chance_fission”, etc. Probably with the groups DFNS and time
reaction designator annotations can constant
help with this. = Allow the emission of neutrons,

= Allow fission to be broken out by gammas, fission fragments (FF),
chance, but ensure sum rules obeyed. electrons, neutrinos

= Allow FPY data = Allow all ejected particles to have

= Allow prompt, delayed and total variable multiplicities and energy-
nubar. Ensure sum rules obeyed. angle spectra

= Allow PFNS using tables or Madland- = Allow for semi-derived data such as
Nix model energy release broken out into

components

= Allow P(nu) data
BROOKHRVUEN
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Special case: Fission Product Yield

= Held discussions with R. Mills at last WPEC-SG37 meeting
In Paris
= Results presented to the SG and was well received

» That talk now follows

BROOKHRVEN
NATIO I ATORY
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Brainstorming GND Markup
for Fission Product Yields

David Brown
NNDC, Brookhaven National Laboratory

v o« a passion for discovery
4// a8 |
_ 2;ENERGY | scionce




The Generalized Nuclear Data (GND)
format Is a possible replacement for
the ENDF format

= Under active development under auspices of WPEC/
SG-38

= | ead by D. McNabb, outgrowth of earlier LLNL (US)
project

= Initial focus was neutron and charged particle
transport data

= Now looking to other ENDF format/data, in particular,
FPY formats

BROOKHRVEN
NATIONAL LABORATORY
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Fission Product Yield tables give the
number of nuclides of a given type,
post-fission

= Independent Fission Product Yields (IFPY)
These are the fragments immediately after fission and de-
excitation from prompt neutron and gamma emission

= Cumulative Fission Product Yields (CFPY)
These are the fragments after they are allowed to undergo
all (beta and other) decays

= |f you think about it, If you know all possible decays of all
fission products, you can construct a matrix that relates the

IFPY and CFPY.

« Both A. Sonzogni and R. Mills have codes that can compute this
matrix from the decay sublibrary

 Implies only one of IFPY and CFPY needed

BROOKHEAVEN
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There are two MT’s in ENDF that use
the same FPY format. MT=454 |s IFPY
and MY=459 is CFPY.

8.3.1 Formats

The structure of a section always starts with a HEAD record and ends with a SEND record.
Sets of fission product yield data are given for one or more incident energies. The sets are
ordered by increasing incident energy. For a particular energy the data are presented by
giving four parameters (ZAFP, FPS, YI, and DYI in MT=454 and ZAFP, FPS, YC, and
DYC in MT 459) for each fission product state. The data are first ordered by increasing
values of ZAFP. If more than one yield is given for the same (Z,A) the data are ordered by
increasing value of the state designator (FPS). The structure for a section is:

[MAT, 8, MT/ ZA, AWR, LE+1, 0, O, O]HEAD

[MAT, 8, MT/ E;, 0.0, LE, 0, NN, NFP/ C,(F;) JLIST
[MAT, 8, MT/ E,, 0.0, I, 0, NN, NFP/ C,(FE,) 1LIST
[MAT, 8, MT/ E;, 0.0, I, 0, NN, NFP/ C,(FEs) 1LIST

[MAT, 8, 0 /0.0, 0.0, 0, 0, O, O] SEND

where MT=454 for independent yield data, and MT=459 for cumulative yield data. There
are (LE+1) LIST records.

fudgel/legacy/converting/endfFileToGND.py
has readMF8 function ,  BROOKIRVEN
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This Is what the ENDF parameters
mean (part 1)

NFP Number of fission product nuclide states to be specified at each incident
energy point (this is actually the number of sets of fission product identifiers
fission product yields). (NFP< 2500).

ZAFP (Z,A) identifier for a particular fission product. (ZAFP = (10007 + A)).

FPS State designator (floating-point number) for the fission product nuclide (FPS
= 0.0 means the ground state, FPS=1.0 means the first excited state, etc.)

YI (MT=454), independent yield for a particular fission product prior to particle
decay.

DYI (MT=454) 1o uncertainty in YI.
YC (MT=459) cumulative yield.

DYC (MT=459) 1o uncertainty in YC.

- BROOKHEVEN
NATIONAL LABRORATORY
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This Is what the ENDF parameters
mean (part 2)

C,.(E;) Array of yield data for the ' energy point. This array contains NFP sets
of four parameters in the order ZAFP, FPS, YI, and DYI in MT=454 and
ZAFP, FPS, YC, and DYC in MT=459.

NN Number of items in the C,(F;) array, equal to 4*NFP.
E; Incident particle energy of the i* point (eV).

LE Test to determine whether energy-dependent fission product yields given:

LE=0 implies no energy-dependence (only one set of fission product
yield data given);

LE>0 indicates that (LE41) sets of fission product yield data are
given at (LE+1) incident particle energies.

I, Interpolation scheme (see paragraph on Two-dimensional Interpolation
Schemes in Section 0.5.2) to be used between the E; ; and F; energy points.

. BROOKHEVEN
NATIONAL LABRORATORY
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Where can we put this and how?

= Both IFPY and CFPY are reaction data.
They should be part of a <reactionSuite> Iin the fission <reaction>.

= Do we need to store the matrix?
Currently no easy way to tell if IFPY and CFPY are internally consistent.

= How do we store dY?

IFPY and CFPY both have Y and dY. GND currently doesn’t have a
provision for uncertainties along side the data.

» \What about full covariances?

Neither GND nor ENDF have provisions for them. In GND it is not hard
to make a spot for them. Is there test data to use?

Brookhaven Science Associates 74 NATIONAL LABORATORY
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GND version should be part of the
total fission <reaction>, even If rest of
reaction unpopulated with data

1 <7?xml version="1.0" encoding="UTF-8"7>

2 V| <reactionSuite projectile="n" target="Pu239" format="gnd version 1.2" temperature="0 K" xmlns:xlink="http://

3 b <styles> @D </styles>

5 b <documentations> @D </documentations>

40 p <particles> @D </particles>

43 <reaction label="45" outputChannel="n[multiplicity: 'energyDependent’', emissionMode: "'prompt'] + n[emissionMod
... ¥ | [total fission]" date="2006-09-01" ENDF_MT="18" fissionGenre="total">

44 <crossSection nativeData="resonancesWithBackground”> @D </crossSection>

65|V <outputChannel genre="NBody" Q="1.98902e8 eV">

66 P <fissionEnergyReleased nativeData="polynomial"> @D </fissionEnergyReleased>

77|V <fissionProductYields nativeData="1independentFissionProductYields" conversionMatrixGiven="true">

78 | p <independentFissionProductYields numNuclides="780"> @D </independentFissionProductYields>

95 | p <cumulativeFissionProductYields numNuclides="920"> @D </cumulativeFissionProductYields>

11 p <fissionYieldConversionMatrix> @B </fissionYieldConversionMatrix>

28 = </fissionProductYields>

29 p <product name="n" label="n" multiplicity="energyDependent” emissionMode="prompt"> @D </product>

94 » <product name="n" label="n__a" multiplicity="energyDependent"” decayRate="0.013271 1/s" emissionMode="del
35 b <product name="n" label="n__b" multiplicity="energyDependent" decayRate="0.030881 1/s" emissionMode="del
76 P <product name="n" label="n__c" multiplicity="energyDependent"” decayRate="0.11337 1/s" emissionMode="dela
29 p <product name="n" label="n__d" multiplicity="energyDependent"” decayRate="0.2925 1/s" emissionMode="delay
82 p <product name="n" label="n__e" multiplicity="energyDependent"” decayRate="0.85749 1/s" emissionMode="dela
35 p <product name="n" label="n__f" multiplicity="energyDependent"” decayRate="2.7297 1/s" emissionMode="delay
83 b <product name="gamma" label="gamma" multiplicity="energyDependent"> @D </product></outputChannel></react
12 - </reactionSuite>

13

OFECE S S FEO i es B.09
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GND version should be part of the
total fission <reaction>, even If rest of
reaction unpopulated with data

1 <7xml version="1.8" encoding="UTF-8"7>

2 V| <reactionSuite projectile="n" target="Pu239" format="gnd version 1.2" temperature="0 K" xmlns:xlink="http://

3/ p <styles> @D </styles>

5|0 <documentations> @D </documentations>

40 p <particles> @D </particles>

43 <reaction label="45" outputChannel="n[multiplicity: 'energyDependent’', emissionMode: "'prompt'] + n[emissionMod
... ¥ | [total fission]" date="2006-09-01" ENDF_MT="18" fissionGenre="total">

44 <crossSection nativeData="resonancesWithBackground”> @D </crossSection>

65V <outputChannel genre="NBody" Q="1.98902e8 eV">

66 P <fissionEnergyReleased nativeData="polynomial"> @D </fissionEnergyReleased>

77|V <fissionProductYields nativeData="1independentFissionProductYields” onver'51nMatr11en-ue >

78 » ‘<independentFissionProductYields numNuclides="780"> @D 1dependétFlss1onProductY1e1ds>

95 | pr | <cumulativeFissionProductYields numNuclides="920"> @D </cumulativeFissionProductYields>

11 | p 1<ﬁs51onY1e1dConverswrMatr1x>@</f1551onY1eldConverswnMatr1x> J -

28 - <7‘?’W> ’ e . e

29  p <product name="n" label="n" multiplicity3 "energyDependent" emissionMode="prompt"> &I} </product>

94 » <product name="n" label="n__a" multiplicidy="energyDependent"” decayRate="0.013271 14s" emissionMode="del
35 b <product name="n" label="n__b" multiplicity="energyDependent"” decayRate="0.030881 1/5" emissionMode="del
76 b <product name="n" label="n__c" multiplicity{'energyDependent” decayRate="@.11337 1/sf emissionMode="dela
29 p <product name="n" label="n__d" multiplicity="energyDependent" decayRate="0.2925 1/s"{emissionMode="delay
82 p <product name="n" label="n__e" multiplicity="&pergyDependent” decayRate="0.85749 1/s| emissionMode="dela
35 p <product name="n" label="n__f" multiplicity="e“;rgyDependent" decayRate="2.7297 1/s"§emissionMode="delay
88 p <product name="gamma" label="gamma" multiplicity\s"energyDependent"> @D </product></ou putChannel></react
12 - </reactionSuite>

OFECE S el ey 5.09
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In ENDF, both Y and dY stored, can we
do that in an XY? Can we put multiple
<data>’s in a <linear> block?

<independentFissionProductYields numNuclides="780">
<linear xData="XYs" length="6" accuracy="0.001" hasUncertainty="true">

<axes>
<axis index="0" label="energy_in" unit="eV" interpolation="linear,flat" frame="1lab"/>
<axis index="1" label="yield" unit="" frame="lab"/></axes>

<data nuclide="Nd1l46_ed">
1e-@5 3.45996e-13 2.21437e-13
0.0253 3.45996e-13 2.21437e-13
S500000.0 4.01972e-13 2.57262e-13
2000000.0 4.01945e-13 2.57245e-13
14000000.0 5.452814e-09 3.489803e-09
20000000.0 5.452814e-09 3.489803e-09
</data>
<data nuclide="..."> @D </data>
</1linear>
</1ndependentFissionProductYields>
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The optional matrix that couples the
IFPY and the CFPY can be stored here

too

<fissionYieldConversionMatrix>
<!-- Each row of this matrix corresponds to a nuclide in the independentFissionProductYields and

each column of this matrix corresponds to a nuclide in the cumulativeFissionProductYields.
The ordering of nuclides is arbitrary, but it is more convienient if they match the ordering
1n the independentFissionProductYields and cumulativeFissionProductYields elements.

Do we really need the URL and the xlink here?-->

<r0w@%_wl —_——— o — — v*T—‘

 <parameter name="Nd146_e0d" xlink:href="../../independentFissionProductYields/linear/data[]"/> |

o rOWPOTOTETeTS— . e ——————————————————— S
<columnParameters> [
__...</columnParameters> 7 | A T . jhasd
<matrix rows="780" columns="920" form="asymmetric" precision="6"> |

| ©0.000000e+00 ...
| 0.000000e+00 6.367300e-04 . ...

V

</matrix></fissionYieldConversionMatrix>

| i
! ,-“‘
— — _— I _ __ e = /“
y

Should this be s this the
energy dependent? best way?
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On the iIssue of covariances...

= For the Iindividual yields

e [t makes sense to have covariance for either IFPY or CFPY, then
derive other

« Simple covariance format can be created using existing GND
covariance markup
= Cross nuclide covariances
« Simple covariance format can also be created using existing GND
covariance markup
= Covariance on conversion matrix?
» Requires better covariances on data in decay sublibrary

» |f care about nuclei after heat death of universe, then T1/2’s drop
out. In real life, there are long lived isotopes that don’t finish beta
decaying by the time of the CFPY. Uncertainty propagation tough
here since parameter dependence nonlinear.
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Special case: Large Angle Coulomb
Scattering

= Quantum mechanically, charged particle elastic scattering
IS a sum of Coulomb and Nuclear amplitudes:

A — Agoulomb _I_ Anuclear

» The elastic differential cross section Is then:
dgel(E) . dUCoulomb(E) dgznt(E) |

dQdE’ dQd E’ dQd E’

dgnucl (E)
dSddE'’

= But, the Coulomb term Is divergent:

dUCoulomb(E) ~ 772
dOAE" 21— )2

= This Is analytic, so we don'’t store it, but...
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Special case: Large Angle Coulomb
Scattering

= The Interference term carries the square-root of these
divergences

» \Workarounds:

e Start the nuclear+interference" data tables at E>>0 where nuclear
effects become noticeable.

« Cut-off the "nuclear+interference" term at small angles.

- At small angles, Coulomb scattering dominates and must be handled in
particle transport separately with techniques such as condensed history.

- ENDF data uses 10 degrees as a cut-off (if | remember correctly), but it is not
documented anywhere | can find.

= Recommend.:
« <paraneteri zedTwoBodyReact 1 on>for LACS data
e <dcrossSecti on_dOrega> for LACS data
« <fornp for nuclear+interference" data
« A spot for the cut-off angle
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Special case: Particle production

= Basically ENDF’'s MT=5

= Above roughly ~20 MeV (for neutrons, higher for charged
particles), the number of emitted particles explodes.

= \We could try to list them all. Or we could give up and
assume the emitted particles have an energy dependent
multiplicity.

= The facility for both already exist.

= Would be nice to have areaction alias e.g.
“spal | ati1 on”

BROOKHRVEN
NATIONAL LABORATORY
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Special case: Thermal Scattering Law

= Neutrons scattering off material with energy low enough
that their de Broglie wavelength bigger than atomic
spacing, either coherently or incoherently scatter off
surface

= 3 Cases:
« coherent elastic (off ordered substances)
 Incoherent elastic (hydrogenous solids)
 Incoherent inelastic (famous Saf3 data)

= |[n all cases parameterized form of do/dQ, so use
« <par aneteri zedTwoBodyReact i on> and
<dcrossSecti on_dOrega>
« Parameterizations for elastic cases in ENDF manual
« Parameterization for inelastic case sort of in ENDF manual
BROOKHRVEN
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Special case: Thermal Scattering Law

= Requested to support covariance data in TSL

= For elastic, tables small and can be handled with <l | nk>
from <f or n» to <covar i ance>

= For inelastic, Saf3 table is 3d object, covariance would be
Immense

= |[n practice, generate Saf3 using photon spectrum p(w) of
material and structure factor S(g) in NJOY’s LEAPR
module

« Both p(w) and S(q) are 2d tables that can have covariance
* Would need to “encode” LEAPR somehow
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Outline (roughly)

HOUR 1 HOUR 2

s Odds-n-ends
a » Thanks & Blame

BROOKHRVEN
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Odds-n-ends

= Derived data for transport
» Transfer matrices
Average energy release (or KERMA)
Average forward momentum deposited in medium
mubar (average scattering angle)
mubar covariance

= ENDF sum rules

« sum of parts equal total cross section
 similarly for MT=3
* nubars

= Should decay information be in the reaction somehow?
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