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Reproducibility of results
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Reproducibility of results

We have a problem
Modeling results are very hard to
reproduce
Sometimes even for the author...
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Reproducing modeling results

Two main components
Simulation code
Input data
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Reproducing modeling results

Do not exist for plasma chemistry data
Where to start?

Two main components
Simulation code
Input data

=> Open source development
=> Advanced data platforms
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State of the art: LXCat ("elecscat") [4]

Electron (and ion) collisional processes
in plasmas

Cross sections
Potentials
Swarm parameters

[4] Carbone, E., Graef, W., Hagelaar, G., Boer, D., Hopkins, M. M., Stephens, J. C., Yee, B. T., Pancheshnyi, S., van
Dijk, J., & Pitchford, L. (2021). Data Needs for Modeling Low-Temperature Non-Equilibrium Plasmas: The LXCat

Project, History, Perspectives and a Tutorial. Atoms, 9(1), 16. https://doi.org/10.3390/atoms9010016
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State of the art: LXCat ("elecscat") [4]

Electron (and ion) collisional processes
in plasmas

Cross sections
Potentials
Swarm parameters

Statistics
 visitors/day≈ 120

 cross sections≈ 30000

International

[4] Carbone, E., Graef, W., Hagelaar, G., Boer, D., Hopkins, M. M., Stephens, J. C., Yee, B. T., Pancheshnyi, S., van
Dijk, J., & Pitchford, L. (2021). Data Needs for Modeling Low-Temperature Non-Equilibrium Plasmas: The LXCat

Project, History, Perspectives and a Tutorial. Atoms, 9(1), 16. https://doi.org/10.3390/atoms9010016
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EXCITATION

N2 -> N2 (v=0 - v=1)
 3.000000e-1
SPECIES: e / N2
PROCESS: E + N2 -> E + N2 (v=0 - v=1), Excitation
PARAM.:  E = 0.3 eV, complete set
COMMENT: [e + N2(X,v=0) <-> e + N2(X,v=1), Vibrational]
COMMENT: Pitchford L C and Phelps A V 1982
UPDATED: 2017-09-03 03:54:40
COLUMNS: Energy (eV) | Cross section (m2)
-----------------------------
 3.000000e-1 0.000000e+0
 4.000000e-1 3.000000e-23
 <omitted lines>
-----------------------------
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Data format &
Semantics Data storage Design &

Implementation

Recap: LXCat 2
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Recap: LXCat 3

Data format &
Semantics Data storage Design &

Implementation

He S ​

+
(2 1/2)
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Project architecture

Open source!

Zod
8



Testing & Code coverage
Test suite

Unit, regression, end-to-end
Needs to succeed before code
is accepted
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Testing & Code coverage
Test suite

Unit, regression, end-to-end
Needs to succeed before code
is accepted

Code coverage (~80%)
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Data flow
API Request handling

Authorize
Validate
Query
Convert
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Interacting with simulation software

Standalone

application

LXCat 

HTTP

+

JSON

AQL

LXCat service

Standalone

application

Simulation software

Integrated
External application

[5] Hagelaar, G. J. M., & Pitchford, L. C. (2005). Solving the Boltzmann equation to obtain electron transport coefficients
and rate coefficients for fluid models. Plasma Sources Science and Technology, 14(4), 722–733.

[6] Tejero-del-Caz, A., Guerra, V., Gonçalves, D., da Silva, M. L., Marques, L., Pinhão, N., Pintassilgo, C. D., & Alves, L. L.
(2019). The LisbOn KInetics Boltzmann solver. Plasma Sources Science and Technology, 28(4), 043001.
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Interacting with simulation software

Standalone

application

LXCat 

HTTP

+

JSON

AQL

LXCat service

Standalone

application

Boltzmann solver
example

BOLSIG+ [5]
LoKI-B [6]

Simulation software

Integrated
External application

[5] Hagelaar, G. J. M., & Pitchford, L. C. (2005). Solving the Boltzmann equation to obtain electron transport coefficients
and rate coefficients for fluid models. Plasma Sources Science and Technology, 14(4), 722–733.

[6] Tejero-del-Caz, A., Guerra, V., Gonçalves, D., da Silva, M. L., Marques, L., Pinhão, N., Pintassilgo, C. D., & Alves, L. L.
(2019). The LisbOn KInetics Boltzmann solver. Plasma Sources Science and Technology, 28(4), 043001.
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Demo
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Chemistry

Schema updates

Rate coefficients
Transport parameters

Flexible infrastructure

Species
Data type
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The MCPlas toolbox
Complex chemistry

JSON
COMSOL

Fluid-Poisson model

Simple geometry
1D and 2D
DC and RF

PLASIMO [7]
comparison

[7] van Dijk, J., Peerenboom, K., Jimenez, M., Mihailova, D., & van der Mullen, J. (2009). The plasma modelling
toolkit Plasimo. Journal of Physics D: Applied Physics, 42(19), 194012. https://doi.org/10.1088/0022-

3727/42/19/194012
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JSON
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Ecosystem overview

[8] https://gitlab.com/magnumpi/magnumpi

Potential integrator

MagnumPI [8]

[9]  https://plasimo.phys.tue.nl/
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Ecosystem overview

[8] https://gitlab.com/magnumpi/magnumpi

Boltzmann solver

Bolsig+
LoKI-B

Potential integrator

MagnumPI [8]

[9]  https://plasimo.phys.tue.nl/
15.1



Ecosystem overview

[8] https://gitlab.com/magnumpi/magnumpi

Boltzmann solver

Bolsig+
LoKI-B

Potential integrator

MagnumPI [8]

General plasma modeling

MCPlas (COMSOL)
PLASIMO [9]
(Global model)

[9]  https://plasimo.phys.tue.nl/
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Ecosystem: infrastructure
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Ecosystem: infrastructure

LXCat

TU/e
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