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TYPES OF ATOMIC DATA
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WHO USES ELECTRON COLLISION DATA?

» Other atomic physicists
» Comparison with other methods / techniques

» Time-dependent calculations

» Plasma Modellers
» Laboratory Plasmas (DPALs, nano-fabrication)
» Astrophysical Plasmas (stars, nebulae)

» Fusion
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WHY IS DATA PROVENANCE IMPORTANT?

"Trash in = Trash out”



WHY IS DATA PROVENANCE IMPORTANT?

» Uncertainty Quantification

> Typical in experimental data

> “New" concept for theory

> Limitations due to how data was acquired / generated

> Scope of experiment

» Amount and type of data available

» Theoretical approach used



WHERE TO FIND ELECTRON COLLISION DATA?

» |n the literature

> Single-application or community databases



ELECTRON COLLISION LITERATURE

» Vast amount atomic data

o About 4,520,000 results (0.07 sec)
» Difficult to search through

electron collision data
» Incomplete

About 2,670,000 results (0.24 sec)

» Age and data availability

electron collision data plasma physics

About 429,000 results (0.16 sec)
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DON MADISON'S CONTRIBUTION TO THE LITERATURE

Home > Missouri University of Science and Technology > Department of Physics > D. H. Madison

D. H. Madison

Missouri University of Science and Technology | Missouri S&T - Department of
Physics
PhD

About Publications Network

About

461 20,155 7,998

Publications Reads (O Citations
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DATABASES - NIST

NIST A

PHYSICAL MEASUREMENT LABORATORY

About PML " Atomic Spectra Database

Divisions [
Products/Services .
News/Multimedia NIST Standard Reference Database 78
Programs/Projects .
—_ ‘ Version 5.10
Facilities +
Email Newsletter- Last Update to Data Content: October 2022 | Version History & Citation Information | Disclaimer |

DOI: https://dx.doi.org/10.18434/T4W30Fc

Welcome to the NIST Atomic Spectra Database, NIST Standard Reference Database #78. The spectroscopic data may be selected
CONNECT WITH US and displayed according to wavelengths or energy levels by choosing one of the following options:

]

I_iNES Spectral lines and associated energy levels displayed in wavelength order with all selected
spectra intermixed or in multiplet order. Transition probabilities for the lines are also displayed
where available.

I ELS Energy levels of a particular atom or ion displayed in order of energy above the ground state.

GROUND STATES & Ground states and ionization energies of atoms and atomic ions.
IONiZATION ENERGIES

ASD Interface for Laser Induced Breakdown Spectroscopy (LIBS
LIBS P py (LIBS)

https://www.nist.gov/pml/
atomic-spectra-database
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DATABASES -PORTAL FOR HIGH-PRECISION ATOMIC DATA AND COMPUTATION

SITYor
PR

Home Elements~ Ourteam About the project

@ Portal for High-Precision Atomic Data and Computation m

Click on an element to display its properties

o0
O

https://www1.udel.edu/atom/
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DATABASES - CCC

Welcome to the CCC Data Base!

|ELEMENT v|

SP. CHARGE v

| ELECTRON-IMPACT... v

[ Go to data H Clear ]

Created by Igor Bray and Yuri Ralchenko and modified by Karen Lewis to include magnetic sublevel data for helium
Disclaimer: Chances are that what you want is not here. However, your chances of success increase if you let me know what is missing! Please note that

e The CCC method yields accurate excitation and ionisation cross sections for atomic and ionic targets which are well-modelled by one or two valence electrons above a Hartree-Fock core.
e Inner core ionisation can be a major contributor to the total ionisation cross section. Such contributions can be estimated using various forms of Born-based approximations. Contact me at [.Bray @curtin.edu.au for
details.

https://atom.curtin.edu.au/CCC-WWW/

] 73 &
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DATABASES - IRON + OPACITY PROJECTS

The Iron Project - The Opacity Project
IPOPvZ2

The Opacity Project | The Iron Project | TOPbase | TIPbase OPserver | OP tables | Contact

The Opacity Project - The Iron Project

The names Opacity Project (OP) and Iron Project (OP) refer to an international collaboration that was formed in
1984 to calculate the extensive atomic data required to estimate stellar envelope opacities and to compute
Rosseland mean opacities and other related quantities. It involved research groups from France, Germany, the
United Kingdom, the United States and Venezuela. The approach adopted by the OP to calculate opacities is
based on a new formalism of the equation of state and on the computation by ab initio methods of accurate
atomic properties such as energy levels, f-values and photoionization cross sections. The OP final results are
discussed by Seaton et al.

About us - List of members

Badnell Nigel, Ballance Connor, Bautista Manuel,
Butler Keith, Delahaye Franck, Del Zanna Giulio,
Eissner Werner, Fivet Vanessa, Hudson Claire,
Liang Guiyun, Mason Helen, McLaughlin Brendan,
Mendoza Claudio, Montenegro Max, Nahar
Sultana, Palmeri Patrick, Pradhan Anil, Quinet
Pascal, Ramsbottom Cathy, Saraph Hannelore,
Scott Penny, Storey Peter, Wasson lan, Withoeft
Mike, Zeippen Claude,

https://cds.unistra.fr/topbase/
home.html

15



DATABASES -QUANTEMOL DB

SPECIES - REACTIONS - CHEMISTRIES - SURFACE DATA ~

LEARN MORE

ABOUT - BROCHURES GOLD & PLATINUM QUANTEMOL GLOBAL MODEL

Quantemol-DB

Current Status
LEARN MORE »

28273 Reaction data sets

https://quantemoldb.com/

*JLOG IN

ADVISORY BOARD -

LATEST NEWS

4 months, 3 weeks ago

& SIGN UP
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DATABASES - LXCAT

HOME HOW TO USE CONTRIBUTORS DATA CENTER ONLINE CALCULATIONS DOCS AND LINKS DISCUSSION BOARD RNSWSIRIIEI=A

e.g. mobility

about the project » news and events » statistics and geography » the Ixcat team

About the project

The Plasma Data Exchange Project is a community-based project which was initiated as a result of a public discussion held at the 2010 Gaseous Electronics Conference
(GEC), a leading international meeting for the Low-Temperature Plasma community. This project aims to address, at least in part, the well-recognized needs for the community
to organize the means of collecting, evaluating and sharing data both for modeling and for interpretation of experiments.

At the heart of the Plasma Data Exchange Project is LXCat (pronounced "elecscat"), an open-access website for collecting, displaying, and downloading electron and ion
scattering cross sections, swarm parameters (mobility, diffusion coefficient, etc.), reaction rates, energy distribution functions, etc. and other data required for modeling low

temperature plasmas. The available data bases have been contributed by members of the community and are indicated by the contributor's chosen title.

This is a dynamic website, evolving as contributors add or upgrade data. Check back again frequently.

Supporting organizations
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https://us.Ixcat.net/home/

FAST NAVIGATION

NEXT »

PROJECT STATISTICS

Scattering cross sections: 30 databases | 106 x 648
species | 31.5k records | updated: 27 March 2023
Differential scattering cross sections: 4 databases |
29 species | 517 records | updated: 12 March 2019
Interaction potentials: 1 database | 104 x 7 species |
705 records | updated: 30 December 2021

Oscillator strengths: 1 database | 65 species | 150
records | updated: 25 November 2013

Swarm / transport data: 18 databases | 198 x 152
species | 24.2k records | updated: 1 October 2023
Publications, notes and reports: 5 databases | 37
records | updated: 15 February 2022

TECNICO
LISBOA

YORK

£ [m]: E_l_
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HOW TO GENERATE COLLISION DATA

» Collaborate (have someone do it for you)
> Experiment

» Theory

» Do it yourself!

» Probably just theory
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EXPERIMENT

> Few active experimental groups
» Experiments are difficult!
» Resource intensive

> (Sometimes) take longer to produce results
than theory

» Fully-differential cross-sections

» Difficult to obtain absolute values
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THEORY

» More common than experimental groups

» Difficult to chose which approach?

» Convergence, numerical issues

» Options available for small, fast calculations

» Some calculations are resource intensive,
and/or slow to perform

» More complete data sets?
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DO IT YOURSELF - OPEN REPOSITORIES

O Product Solutions ¥ Open Source Pricing Search or jump to... Signin

(=] zatsaroi /| BSR3 | Public L\ Notifications % Fork 9 Y Star

<> Code (©) Issues 1 19 Pullrequests () Actions [ Projects () Security [~ Insights

¥ master ~ # 1branch © 0 tags Go to file About
No description, website, or topics
@ zatsaroi BSR3 8daf7f4 onJan 12,2021 O 232 commits provided.
| BSR_BMAT4 BSR3 3 years ago [ Readme
A~ Activity
M BSR_BREIT BSR3 3 years ago
¢ 2 stars
I8 BSR_CI HF,CI,MCHF 3 years ago ® 4 watching
| BSR_CONF3 BSR3 3 years ago % 9 forks

Report reposit
| BSR_DMAT3 BSR3 3 years ago eport reposttory

Communities

April 21,2023 Open Access

115 46

@ views & downloads

UKRmol-scripts

Houfek, Karel; ® Benda, Jakub; (® Masin, Zdenék; Harvey, Alex; (® Meltzer, Thomas; (®» Graves, Vincent; ® Gorfinkiel, )
) See more details...
Jimena

Researcher(s)

Darby-Lewis, Daniel

Perl scripts to automatically run the UKRMol+ codes for both inner (UKRMol-in) and outer (UKRMol-out) regions which
use the R-matrix method to calculate fixed-nuclei electron- and positron-scattering and photoionization for polyatomic

molecules. Using a number of parameters that describe both physical models and machine-dependent settings, the scripts
produce all necessary input files and run all codes for electronic structure and scattering calculations as well as gather the pe n

Indexed in

more frequently required outputs. The scripts provide a simple way to run such calculations for many molecular
geometries concurrently and collect the resulting data for easier post-processing and visualization. Several examples of
various types of calculations are provided.

The scripts should be used with releases 3.2 of UKRMol+: UKRmol-in and UKRMol+: UKRmol-out.



DO IT YOURSELF - LANL CODES

The Los Alamos suite of atomic physics codes

Atomic Physics Codes — Atomic Models ——| ATOMIC

CATS: SR structure

RATS: FR structure

 wavefunctions LTE or NLTE
4 energy levels populations
gf values (FS or CA)

spectral modeling

http://aphysics2.lanl.gov/tempweb

ACE: e” excitation EIE cross sections emission
absorption
EII cross sections transmission
GIPPER: ionization {4 PI cross sections power loss
Al rates UTAs
MUTASs

fine-structure (FS)
config-average (CA)
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DO IT YOURSELF (BUT ITS A LITTLE BIT EASIER)

https://amosgateway.org/




AMOS GATEWAY US-BASED TEAM

Klaus Bartschat Sudhakar Pamidighantam
klaus.bartschat@drake.edu  spamidig@gatech.edu

Barry Schneider Nicolas Douguet
barry.schneider@nist.gov  nicolas.douguet@uct.edu
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AMOS GATEWAY TEAM

Robert Luchesse, LBNL, US

lgor Bray, Curtin University, Australia
Andrew Brown, QUB, UK

Jimena Gortinkiel, The Open University, UK
Charlotte Froese-Fischer, NIST, US

Jesus Gonzalez-Vasquez, UAM, Spain
Fernando Martin, UAM, Spain

Armin Scrinzi, LMU, Germany
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CURRENTLY HOSTED CODES

. Structure . Other AMOS

Your Code Here
GRASP P {RecX

— — | L -4 74
General Relativistic Time-Dependent

Atomic Structure : :
Recursive Indexing
Package
DBSR-HF XChem
. . , XUV/X-ray Lasers for
Dirac B-Spline Atomic .

R-Matrix - Hartree Ultrafast Electronic

@ ::X ock a Control in Chemistry

RMT
BSR , R-Matrix with Time-

B-Spline A?om|c Dependence

R-Matrix

https://amosgateway.org/

CCC UKRMol+
Convergent Close- UK Molecular R-
Coupling Matrix

MESA ePolyScat
Many Electron Electron Scattering from

Collisions Structure Applications Polyatomic Molecules Optical
n Apr Ho



AMOS GATEWAY

MOS Gatewav Home About People Code Overview Bibliography Resources Gallery Events Cite G

AMOS GdLeWwady

A Portal for Research and Education in Atomic, Molecularg I" ptical Science

Create your free account




CONCLUSIONS

» | ots of data out there!

» Important to know the limitations of
data you choose to use

» Collaboration is always welcome

» AMOSGateway allows you to try out
some scattering codes, even with
minimal experience
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THANK YOU!

B, (‘ University of Colorado
Denver

TA@@ MRAMZR

UNIVERSITY




QUESTIONS?

Email: kathryn.r.hamilton@ucdenver.edu

Slides available on request
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