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LXCat ("elecscat") [1]

Electron (and ion) collisional processes
in plasmas

e Cross sections

e Potentials

e Swarm parameters
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LXCat ("elecscat") [1]

Electron (and ion) collisional processes
in plasmas

e Cross sections

e Potentials

e Swarm parameters

Statistics
e ~ 120 visitors/day

e ~ 30000 cross sections
e |nternational
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LXCat ("elecscat")

Traditionally

e Self-consistent datasets ("mechanisms")
e Combination with two-term Boltzmann
solver




LXCat ("elecscat")

Traditionally

e Self-consistent datasets ("mechanisms")
e Combination with two-term Boltzmann
solver

More recently
e State-to-state data
e Request for more detailed annotations
e Request for "chemistries"




An Argon "mechanism"

Complete set

e Elastic (effective)
e Excitation

e |[onization

e (Attachment)




An Argon "mechanism"
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A Hydrogen state-to-state model
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Trouble...

Ground states

) e e e ) e ) A

State-specific and gas mixtures

‘Ar(3p5 ap)=1 2plO)HAr'(3p5 4p)=1 2p2)HAr(3p5 apl=1 2p4)HAr(3p5 ap)=1 2p7)||Ar'(3p5 4p) =2 2p3)HAr(3p5 ap) =2 2p6)HAr(3p5 ap)=2 2p8)HAr(3p5 ap)=3 2p9)‘

Ar{3d‘[3/2]Z)HAI'Bd'[SJ‘Z]ZJ‘|Ar(3d‘[5;‘2]3)‘|Ar(3d[1/2]0}|‘Ar(Bd[11‘2]1)‘|Ar(3d[3f2]l)HArf3d[3,’2]ZJ|‘Al'(3d[5,f2]2)‘|Ar(3d[5,f2]3)|‘Ar{3d[7’l2]3)“Ar{3d[?;‘2]4)HAr(3p5 4p)=0 2p5)|

‘Ar(EpS 45) =0 153}||Ar(3p5 45) =1 154)HAr(3p5 4s) =2 155)“Ar(3p5 4sj=1 ISZ)HAr(EpGJ - 0)‘|Ar(4p'[112]O)HAr(ﬁlp‘[1f2]l)HArf4p‘[3/2]l}|‘Ar(dp'[S;‘Z]2)‘|Ar(4p[lp‘2]0)‘|Ar(4p[1l2]1}|

‘Ar(Ap[3/2]1)‘|Ar(4p[3l2]2)|‘ArMp[SIE]2)”Ar'(4p[5f2]3)‘|Ar'(4s‘[112]0)"Ar(ﬂfs‘[lﬂ]l)HArMs[BIE]l)|‘Ar[45[3/2]2)HAr'(55‘[lf2]0)‘|Ar(55'[1f2]1)“Ar'(55[3f2]l)‘|Ar[55[312]2)HBe(Zp(Z)lDZ)‘

‘Be(2pf2)3P2)HBe(2572p71 P)|‘Be(2572p73P)HBe(2573d71 D)HBe(zsjd}mHBe(zsjpflm"Be(zsjpfap)‘|Be(257357153|‘Be(25735735)|‘Be(zsjmflD)‘|Be(zsjd}m”ae(zsj@l F}‘

‘Be(25_4f_3F)‘|Be{2s_4p_lF)HBe{25_4p_3P)HBe(2s_45_lS)HBe(25_45_35)|‘BeH+HC2H2+HCE2p(2)_1 D)HC(2p{2)_lD2)HC{2 p(2)_lS}|‘C(Zp(Z}_lSO)‘|C(2p(2)_3P1}|‘CEZp(2)_3P3)HC(Ep3d_lDo)|

‘C(ZpEdilFo)HC(ZpEdil Po)‘|C(2p3d73Do)||C(2p3d73Fo)‘|C(2p3d73P0)‘|C(2p3pilD)‘|C(2p3p71P)‘|C(2p3p715)HCE2p3p73D}|‘CEZpojP)‘|C(2p3p735)|‘C(2p3571P0)HCE2p3573 Po)HC(z p4571P0)|

‘C(2p4s.73Po)Hq2 pi3dilDZ)HC(2 p73d71F3)‘|C(2p73d71P1)HC(2p73d73D1}|‘Cf2p73d73D2)‘|C(2p73d73D3}|‘C(ijdeZ)"Cf2p73d73F3)"Cf2p73d73F4)‘|Cf2p73d73PO)‘|C(2p73d73P1)|

‘C(Zp_Sd_BPE)HC(Zp_Bp_l D2)HC(2p_3p_1 Pl)HC(Ep_3p_lSO)HC(2 p_3p_3Dl)Hc<2p_3p_302)HC(2 p_3p_3DB)HC(2 p_3p_3P0}|‘C(Zp_Bp_3P1)|‘C(Zp_3p_3P2)HC(2 p_3p_3Sl)HC(2 p_3s_1Pl)‘

‘C(zpjsjpl))qu p73573P1)HC(2p73573P23|‘C{Z p74571P1)|‘C(2p74573POJHC(2 p;‘lsjPl)”C(2p74573P2)‘|Cf252p{3)7300)‘|C(252 p(3)73PD)HC(252 p(3)7550)‘|C(2572p(3)73D1)||C(2572 p(3)73D2)‘

‘C(Zs_Zp(3)_3[33)‘|C(25_2p(3)_3P0)|‘C(ES_ZD(E}_3P1)|‘C(Zs_Zp(B}_BPZ)‘|C(25_2p(3)_552)||CO-rotHC02+HCOEEbend mode)HCaF+|‘D2(B,V:O)"Dz(B,v:l)HDZEB.V:IO)HDZ(B,V:11)|

‘DZ(B,V:IZ)HDZ(ij=13}|‘D2(B,v:14)”02(ij=15)|‘D2EB,V=16)|‘DZ(BJV=173||D2EB‘V=18)|‘Dz(B,v=193||D2fB‘v=2}HD2(B,v=2O)HD2{B,v=21}|‘D2(B,v=22)HD2{B,v=23)HD2fB,V=24)‘

‘DZ B,v:25)|‘D2(BJV:ZG}|‘D2(B,v:27)HD2(BJv:28)|‘D2EB,V:29)|‘DZ(BJV:3)HD2EB.V:30)|‘DZ(B,V:31)HD2(B.v:32}HD2(B,V:33)“DZ(B,V:34}|‘DZ(B,V:35)‘|D2(E,v:36)HD2fB,V:37)‘

(
‘DZ(B,V:3B)HDZ(BJV:39}|‘DQ(B,V:d)HDZ(BJVﬂIOjH[)2EB.V:41)|‘DZ(B,V:deHDZEB.V:dB)HD2(B,V:44)|‘DZ(B.V:45}|‘D2(B,v:46)HD2(B,v:47}HD2(B,v:d&)‘|D2(E,v:49)HD2EB,V:5)‘
(

‘DZ B,v=6)|‘D2{ij=7jHDZEB.V:S)HDz(B,v=9)"D2(X,v=0)‘|D2(X,v:l)”DNX,V:lOJ”DZEXJJ:11)|‘D2(X,v=12)‘|D2{X‘v=l3}|‘DZ(X,V:I4)HD2{XN=15}|‘D2(X,v=16)”D2(va=17jHD2fX.v=18)|

‘DZ(X,V:19)|‘D2(>(JV:2)|‘DZEX,V:20)|‘Dz(X,v:3J|‘DZEX.V:4)‘|DZ(X,V:S)”DZ(X,V:E)‘|D2(X‘v:7}|‘DZ(X,V:S)HDNX,V:Q)"Dz *(lsSg.v=O)HD2*(ISSg‘v=1}HD2 *(lsSg.v:lO)HD2+(lSSg.V=11)‘

‘D2+(1559.v:12)|‘DZ+(lsSg,V:l3)HDz+(155g,v:2)||D2+1lsSg,v:S)HD2+(lsSg,V:4)HD2+(lsSg,v:5)HDZ*‘ElsSg,v:E)HDZ +(1sSg,v:?)HD2 +(lsSg,v:8)‘|D2+(155g,v:9)HD2 +(lsSg.v:FC)‘

‘DT*(lsSg,v:O)"DT*(ISSg,V=1)|‘DT*(lSSg.v:10)‘|DT+ElsSgJV=lleDT*{lsSg,V=12)|‘DT*(1559,\/:13)”DT*(lsSg‘v=14}|‘DT*(lsSg,v:lS)"DT*{lSSg,V=2)|‘DT*(ISSg,V:3)HDT+EISSng=4)|

‘DT+ (155q.v=5) HDTmssg V=6 HDT+ (1s50.v= 7)HDT+ (155q,v=8) HDT+ (1s50,v=9 HF 2p~4(~1D)3s) HF 2p~4(~3P) 3d)HF 2p~4(~3P)3p) HF 2p~4(~3P)3s) HF 2p~4(~3P) dp)HF 2p~4(~ 3P}45)|

‘F 2p~a(~ 3F)SS)HH (1s) |‘H2 +)‘|H (25) HH2+ (1559.v=0)

H2*+(1s5g,v=1 HH?Jr (1sSg,v= 2}HH2Jr (1s5g,v=3) HHTr (1s5g,v=4) HH2+(1559 v=5 HHZJr (1sSg,v= lii)HHZJr (1s5g,v= 7)‘

I - B PPN | FPSY | PR | PRSP | PPN | PRSP | PRRPE | PSP | PSRN | PP | PSRN | VST | PP | e [P |




Recap: Identify problems

AN
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Data format & Platform design &
implementation

Semantics Data storage




Data format & Semantics

Nonstandard format 1 EXCITATION
2 N2 = N2 (v=0 - v=1)
e Hard to parse 3 3.000000e-1
. . 14 SPECIES: e / N2
e Duplication 5 PROCESS: E + N2 — E + N2 (v=0 - v=1), Excitation
6 PARAM.: E = 0.3 eV, complete set
7 COMMENT: [e + N2(X,v=0) ¢— e + N2(X,v=1), Vibrationall
Lack of structured schema 8 COMMENT: Pitchford L C and Phelps A V 1982
, 9 UPDATED: 2017-09-03 03:5u:40
e State notations 10 COLUMNS: Energy (eV) | Cross section (m2)
. 11
e Ambiguity 12 3.000000e-1  0.000000e+0

13 4.000000e-1 3.000000e-23
14 <omitted lines>

e+ No(X,v=0) e+ N (X,v=1)




Data storage g?’«

Relational database Heterogeneous data
e SQL o ¢, Ar’, Ar (180)
e Table-based

Particle Charge e S L Parity J
e -1 NULL NULL NULL NULL NULL
Ar 0 * NULL NULL NULL NULL

Ar 0 NULL 0 0 Even 0




Platform

Intertwined
e Violates separation of
concerns

Hard to
e Maintain
e Adapt

WWW. 1xcat. net

)
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Data format &
Semantics

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), Vibrationall
COMMENT: Pitchford L C and Phelps A V 1982

UPDATED: 2017-09-03 03:54:40
10 COLUMNS: Energy (eV) | Cross section (m2)
11
12 3.000000e-1 0.000000e+0
13 4.000000e-1 3.000000e-23
14 <omitted lines>
15

OO0 U EWNE

O

Data storage

Q

4 )

Particle Charge e S L Parity ]

e -1 NULL NULL NULL NULL NULL
Ar 0 * NULL NULL NULL NULL
Ar 0 NULL 0 0 Even 0

Design &
Implementation
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wWww. 1xcat. net
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A nhew data format

Universal language
e Captures physics
e Species notation
e Flexible

!« JSON :
. ¢ JSON Schema E
- :

|

e
[4] https://github.com/vega/ts-json-schema-generator TU/e / %Z%f
2T



A nhew data format

Universal language
e Captures physics

e Species notation 11
e Flexible 2 "particle": "He",
3 "charge": 0,
il "type": "Unspecified",
Examples 5 "electronic": "=*"
He* _’a 6 %

e JSON

UE
[4] https://github.com/vega/ts-json-schema-generator TU/e { f?‘%f



A nhew data format

1 1
: 2 "particle": "He",
Universal Ianguage 3 ncharge": 1,
e Captures physics 4 "type": "AtomLS",
: : 5 "electronic": {
* Species notation e | p "scheme": "LS".
e Flexible 2 "particle": "He", 7 "config": [1,
3 "charge": 0O, 8 "term": §
Examples 4 "type": "Unspecified", 9 "S": 0.5,
S electronic": "=* 10 e,
He* M 6 } » i 1,
12 "J": 0.5
14 }
15 }

e JSON

UE
[4] https://github.com/vega/ts-json-schema-generator TU/e { ‘f@%f



A nhew data format

19
i 2 "particle": "He",
Universal Ianguage 3 charge": 1,
e Captures physics 4 "type": "AtomLS",
: , 5 "electronic": {
* Species notation 11 " "scheme": "LS"
e Flexible 2 "particle": "He", 7 "config": [1,
3 "charge": 0O, 8 "term": §
Examples 4 Mtype': "Unspecified”, 9 "S": 0.5,
S electronic": "=* 10 s o@,
He* M 6 } » i 1,
12 "J": 0.5
14 }
15 }

e JSON

UE
[4] https://github.com/vega/ts-json-schema-generator TU/e { %‘%f



Capturing important relations Eg«

N (X)

N, (X,v=0,J=0) N, (X,v=0,J=1) N (X,v=10,J=...)

[5] https://github.com/arangodb/arangodb TU/e Zg%f
| | o[ ¢




Capturing important relations Eg«

N (X)

A Ar Art

N; (X,v =0) N, X,v=...) Electronic
excitation

—= e e

N, (X,v=0,J=0) N, (X,v=0,J=1) N (X,v=10,J=...)

[5] https://github.com/arangodb/arangodb




Web infrastructure

o Nextjs + React [6]

[www.lxcat.net] [ Standalone ]
application
HTTP
+
JSON

[ API

-
&

[6] https://github.com/vercel/next.js

)

€




Outlook

LXCat
https://gitlab.com/LXCat-project/Ixcat

e Official release!
e Open-source



https://gitlab.com/LXCat-project/lxcat

Outlook

LXCat

e Official release!
e Open-source

Applications

e LisbOn Klnetics Boltzmann
solver (LoKI-B) [7]

e Magnum Potential Integrator
(MagnumpPI) [8]

SO3SUPY UOGSIT

[7] Tejero-Del-Caz et al. (2019). The LisbOn Klnetics Boltzmann solver. Plasma Sources Science and

Technology, 28(4). https://doi.org/10.1088/1361-6595/ab0537

https://gitlab.com/LXCat-project/Ixcat

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

TU/e /&
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Outlook

LXCat

e Official release!
e Open-source

Applications

e LisbOn Klnetics Boltzmann
solver (LoKI-B) [7]

e Magnum Potential Integrator
(MagnumpPI) [8]

Chemistry

e Collaborations

SO3SUPY UOGSIT

Fetch He-JohnDoe-2023; Run simulation

[7] Tejero-Del-Caz et al. (2019). The LisbOn Kinetics Boltzmann solver. Plasma Sources Science and

Technology, 28(4). https://doi.org/10.1088/1361-6595/ab0537
[8] https://gitlab.com/magnumpi/magnumpi

https://gitlab.com/LXCat-project/Ixcat
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