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motivation

* nuclear astrophysics is an exciting,
rapidly growing, interdisciplinary - .
field with tremendous appeal to
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rely on input nuclear data

* compelling questions include:

how do stars evolve and
sometimes explode ?

nucastrodata.org

how were the elements formed ?

how did the Universe begin, evolve, & how will it end ?
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motivation

e a broad collection of nuclear physics information
provides an EMPIRICAL FOUNDATION to understand

a wide range of astro phenomena
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* reactions (cross sections, s-factors, reaction rates)
» structure (masses, decays, resonance properties ...)
o other (nuclear equation of state ... )
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motivation

GSI-FAIR

* many reasons to EXPAND nuclear astrophysics data efforts
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e science drivers: new facilities promising much more data, better observations,
more sophisticated astro simulations, more elaborate sensitivity studies

 manpower: excellent way to recruit young scientists into nuclear data work

e impact per dollar: data activities are inexpensive and really impact astro work

e exposure: popularity among public brings positive exposure to data activities




background

nuclear data activities for astrophysics

nuclear experiments

theory calculations

observations

“raw’ Information
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compiled information
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evaluated information

processed information
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simulations
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collections of information
(not assessed or combined)

combined, assessed,
quality controlled collections

conversion to formats required by

simulations (reaction rates ...)

studies of sensitivity to nuclear input

comparing output to observations
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resources

s-process

Karlsruhe Astrophysical Database of Nucleosynthesis in Stars

[Standards]

[Logbook] [FAQ] [Links] [Disclaimer] [Contact] p-process

KFK, Karlsruhe, Germany
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BRUSLIB: the Brussels Nuclear Library for Astrophysics Applications

Nuclear Reaction Rates: The European Nuclear Astrophysics Compilation of REaction Rates
o Link to NACRE home page
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resources

) http://www.nucastrodata.org/datasets.html
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challenges

- competition —> information not being shared

- rate libraries held as “proprietary”
« rate errors not communicated to fellow researchers

duplication of efforts due to lack of communication

- lack of standards
—> intercomparison of simulations difficult
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- dwindling evaluation manpower

Nno one group can provide all needed data;

? many astro data needs are not being met

CRISIS: most full time US evaluators will retire within a
decade
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evaluation manpower
e goal: ensure there is a next generation of evaluators
e combination of new hires & diversion of existing effort

e recruit from nuclear data & nuclear research communities

e make positions more appealing with half-time research, half-time data work

« approach

o transfer knowledge from experienced evaluators to new hires - mentoring

give credit to evaluators & properly disseminate their work

peer review work of evaluators
e develop evaluation “standards”

o flexibility on evaluations formats

learn from difficulties in previous initiatives

attitude shift - evaluations considered part of the experimental process




evaluation manpower

% The Joint Institute for Nuclear Astrophysics
—

JINA Online Journal for Nuclear Data - Vision

JINA

Data Users (modelers, experimentalists)

* retrieve version tracked groups of data
* read comments, make choices
* reference data in their work (Qnl. Jour. Nucl. Astr. Dat 002334-05)

v
JINA Web-Database
Updated continuously

Data Comments/Data

(refereed) | (not refereed, open)
Editorial Board Scientific Community
* Identifies evaluation needs « Comment on data in database
» Requests/collects evaluations from referees * Contribute new data
* Reviews evaluations before they enter database * lookup data used in published work
« Edits comments section if necessary (identified through libraries)

Referee Pool

* volunteers

* open to everybody

» flexible workload distribution
* get publication credit

Manual for

data
evaluation

Individuals Evaluating groups

from: H. Schatz, MSU




streamlining evaluations

e reaction & structure evaluations ideally take a complete look at all reaction channels,
all levels in all nuclei with the same mass ...

e this usually generates much information never used in astro simulations

e pace of evaluations can be increased by simplifying / customizing for astrophysics

 focus on determining parameters / properties such as

e properties of levels < 2 MeV above particle thresholds
* low spin states with single particle nature

» total cross sections (not differential or partial)
e note: uncertainties are absolutely essential [especially for sensitivity / Monte Carlo studies]

e important: these shortcuts can only be done if consistency is maintained




streamlining evaluations

 pace of evaluations also increased by automating time-consuming, repetitive tasks:

e store, renormalize, combine, plot, extrapolate cross sections & s-factors

e numerically integrate cross sections & s-factors to get reaction rates

‘9006 Nuclear Data Evaluator's Toolkit
+ parameterize reaction rates or
generate ValueS on a temp grld o Cross Section for p + 20Ne --> 21Na
» plot & modify reaction rates S e |

e insert rates into new or
existing rate libraries E l

e create, store, modify, document,
& merge rate libraries

Cross Section (b)
)

« major milestone: development of an
online software package letting anyone «+
perform these tasks on their own data

1010 | L 1 I I I

1 1
92 383 674 965 1255 1546 1837 2128 2418 2709 3000
Ec.m. (keV)




streamlining evaluations
« Computational Infrastructure for Nuclear Astrophysics at nucastrodata.org

e online software suite -- first pipeline from lab results to astro simulations

e include file manipulation / management, processing, simulations, viz,
sharing (community building), commenting (consensus building)

e Users in 53 institutions in 18 countries

e online at nucastrodata.org

e new features continuously added to meet User de

nuclearZBRERVEGs data = NDZUU7ANSEE" \ichael Smith ORNL



streamlining evaluations
e a new online software package for early universe studies

custom big bang
hucleosynthesis calculations

" | - calculate & visualize

uncertainties light abundances vs. constrain M
baryon/photon ratio

from . _
Monte Carlo * constrain 1 using

analysis observed primordial
' _ abundances

for more info write coordinator@bigbangonline.org

 nucicangBBIBEDS data " NDZTIVAMS ichaci Smith ORNL




prioritization

 absolutely essential to prioritize evaluation projects, especially with limited manpower
e primary criteria: impact of new nuclear information on astrophysical simulations

e approach:

e study the sensitivity of simulation predictions on input nuclear data

» develop software to facilitate these studies

Abundance vs. Time

e mechanism for sharing simulation results crucial .-
ey

18F abundance

e enhanced visualization tools also essential vs. time in
\ Nova outburst
» Monte Carlo techniques offer new, complementary dgproach with different

18F(p,a) rates

o future:

Abundance

e vigorously pursue sensitivity studies
w/ more sophisticated models

[need uncertainties!]

e develop & maintain more
advanced visualization tools R T O S S -

Time (sec)




visualization

* majority of online datasets have limited (or no) visualization tools
e this impedes research & frustrates practitioners

 evaluations & sensitivity studies can tremendously benefit from enhanced visualization

* new tools are appearing online, and more are needed ...

e 06 Nuclear Data Evaluator’s Toolkit




communication & coordination

e many reasons to improve coordination & communication between astro data efforts
e avoid duplication of limited manpower
e transfer knowledge to a new generation of evaluators
o foster collaborative efforts to most effectively use limited resources
e publicize new techniques and codes to assist other evaluators
 report on work in progress, broadcast latest results
» disclose errors in widely-used databases

e communication / coordination enhanced in the US since 1995 via the
Astrophysics Task Force of the U.S. Nuclear Data Project

e still crucial to do this on an international scale

o software solutions may help ...




communication & coordination
 recent progress

e ad-hoc Working Group formed in 2006 to examine the status of
nuclear data for nuclear astro studies and recommend a path forward

* met in Basel & Geneva in June 2006; next meeting is in Trento in May 2007

» members include researchers from institutions in the
U.S. [BNL/NNDC, UND, LLNL, MSU, ORNL], Brussels, & Germany

e items being discussed include
e updating popular reaction rate databases [REACLIB]
 dissemination strategies
* enlisting help for rate evaluations

e software: online forum for nuclear astrophysics data activities
to support the working group - and open to all - established at
nucastrodata.org/forum

- future: obtain funding for the recommended activities of this WG




summary & outlook

* many reasons to EXPAND existing nuclear astrophysics data efforts

e scientific (new facilities, simulations, sensitivity studies)
* resources (recruitment)
 high impact per dollar, excellent exposure for nuclear science

e numerous challenges must be overcome:

limited manpower, overwhelming data needs, competition & lack of data sharing,
poor viz tools, lack of standards and public data sets ...

* strategies addressing these issues include:
* boost manpower recruiting with incentives
* streamline evaluations - customize for astrophysics
 using software packages to speed evaluations
 boost visualization of datasets & simulations
e vigorously pursuing sensitivity studies - prioritize work
e pursue new mechanisms to coordinate activities

on international scale

 goal: help ensure a sustainable future for this important work

¥  nucleangBlEpIYBICs data

B \lichael Smith ORNL




