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Rationale: edge and divertor plasma

Influence of atomic physics on
EDGE2D-EIRENE simulations of JET
divertor detachment with carbon and
beryllium/tungsten plasma-facing
components

Table 3. Atomic and molecular reactions included in the physics
models used in EIRENE (also valid for D).

NIMBUS-like model Kotov-2008 model
(De+H" — 2e+H’ Same reactions as default plus: (@z=
(2)H*+H" — H°+ H* (99 H, +H* — H*+H, S o

, #79315
3)e+C’' = 2e+C (IO)H3+H’—~H:’+H° #82342
(4)e+H;, — 3e+2H" (IYe+H, — 2e+ HE Figure 1. Magaeic equlbi for theshot #79315 and #8232
(5)e+H; — e+ 2H" (replacing (4)) ST
(6)e+Hs = 2e+H " +H" (12)e+H] - e+H +H"
(T)e+H® — H° (13)e+H] — 2e +2H"
(8)2e+H" — e+ H" (14)e + H; — 2H°

No CRM*®* for(4).(5)and (6) CRM*for(11).(5)and (6)

* Collisional Radiative Model.

Guillemaut et al. Nucl.Fusion 54 (2014) 093012



Data needed:
| Neutrals (H, C, C,, Be, BeH,, CH,)

1. Total cross section
2. Partial cross sections:

elastic scattering e+A —e+A
rotational excitation e+CH, (J=0) — e+CH, (J=2)
vibrational excitation e+AB(v=0) — e+AB(v>0)
electron attachment (dissociative) e+AB — A-+ B
electronic excitation e+A —e+A’
emission lines: A" > A+ hv
neutral dissociation e+AB —->A+B+e
emission from dissociatione + AB - A"+ B + e + hv
lonization e+A —A*+2e
dissociative ionization e+AB — A+ B*+ 2e
ionization into excited states e + A — (A*)" + 2e



Experimental methods: total
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Experimental methods: elastic

PHYSICAL REVIEW A 74, 042701 (2006)
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Experimental methods: exc:|tat|on
(electronic, vibrational)

filament
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Experimental methods: ionization

Deflector Lens Detector Il

Reflector Detector |

If two ions are formed

(for example CH,—CHj,* + H* + 2¢)

the ionization is counted twice
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Total cross sections: beam (£5%)
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,One century experiments on electron-
atom and molecule scattering (2001)

3 volumes, some 50 molecules
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One century of experiments on electron-atom and molecule
scattering: a critical review of integral cross-sections

I1. — Polyatomic molecules

GRZEGORZ P. KArRwASZ. ROBERTO S. BRUsSA and ANTONIO ZECCA

Istituto Nazionale per la Fisica della Materia and Dipartimento di Fisica
3 volumes, Universita degli Studi di Trento, I-38050 Povo (Trento), Italy

some 50 molecules (ricevuto il 29 Marzo 2000)

1. Introduction
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Compared,

checked,

not recommended

TABLE L. — Integral cross-sections for electron scattering on methane (in 1072° m? units).
Energy Elastic  Vibrational Elef:t,ro'mc Tonization 'l\eu.tra-] Summed  Total
excitation dissociation
0.6 092 S 034 B 1.26 1.49 L
1.1 BU 1.44 154 F
1.0 1.66 S 024 B 1.90 2.13 L
1.78 BU 2.16 234 F
2.0 5.61 BO 021 B 5.82 524 L
4.64 BU 0.28 BU 4.92 5517
637
2.5 6.06 S 0.18 B 6.24 827
3.0 9.25 BO 046 T 9.71 9.06 L
7.70 BU 0.45 BU 8.15 9417
74 TA 7.85 103 Z
5.0 18.0 BO 083 T 18.8 189 K
17.5 BU 1.32 BU 18.8 1997
13.7 TA
8.0 26.3 BO 1.33T 27.6 264 K
19.6* TA 2747
10 23.0 BO 1.02T 031N 24.3 259 K
19.8 SH
184 TA
15 18.3 BO 045T 1.1 KA 0.21 NI (1.3) N 20.1 23.07Z
17.6 SH
157 TA
20 14.4 BO 031 T 1.75 KA 1.22 NI (2.0) N 17.7 20.0 K
15.3 SH (L.5VT) 18.6
176 V 20.6

14.3 TA



Electron-scattering database — UMK (2013)
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Electron-scattering database — UMK (2013)
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Electron-scattering database — UMK (2013)
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Electron-scattering database — UMK (2013

H,O. elastic — differential cross sections

Microsoft Excel - H2O_elastic_DCS.xls
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Landolt-Borstein Data (2003)

LB-SEARCH (Springer) G.P.Karwasz, A.Zecca, R.S.Brusa, Electron Scattering
LB-CONTENTS with Molecules. Total. (in:) Landolt-Bornstein. Numerical
GROUP I: Elementary Particles, Nuclei and Atoms Data and Functional Relationships in Science and
VOLUME 17 Technology. New Series / Editor in Chief: W.

Photon and Electron Interactions with Atoms, Molecules and lons

CUBVOLUNIE o Martienssen. Group |: Elementary Particles, Nuclei and
Interactions of Photons and Electrons with Molecules Atoms. Volume 17. Photon and Electron Interactlon_s with
Atoms, Molecules and lons. Subvolume C. Interactions of
| . Photons and Electrons with Molecules. Chapter VI.1, p.
General introduction ( See Vol. 17A) 6.1-6.51, Springer-Verlag, Berlin, Heidelberg, 2003

Title Page, Contributors, Preface

1 Photon interactions with atoms ( See Vol. 17A)

2 Electon collisions with atoms ( See Vol. 17A)

3 Electron collisions with atomic ions ( See Vol. 17B)

4 Cross sections for photoabsorption, photoionization, neutral dissociation of 4001
molecules (K. KAMETA, N. KOUCHI, Y. HATANO)

4.1 Introduction 4001

4.2 General comments 4004

4.3 Glossary and abbreviation 4007

4.4 Cross section data 4007
CCl, 4007
CF, 4009
CH30CH; 4010
CH30C2Hs 4011
CH30OH 4013
CHg, 4015
CO 4017
CO, 4019
CS; 4020

CoH» 4021



Landolt-Borstein Data (2003)

Table 6.1.2. Recommended total cross sections for diatomic molecules.
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H, N, 0, (e(0] NO
0.1 9.23 488 383 (cl)
0.12 9.47 513 4.02 (dl)
0.15 9.76 5.56 422 (el)
0.17 9.93 5.85 433
0.2 10.1 6.25 447
0.25 10.5 6.84 4.65
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0.35 11.0 7.72 491 9.69
04 11.2 8.06 5.07 10.2
0.45 114 833 5.20 10.6
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Swarm experiments: diffusion
coefficients — cross sections
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Drift velocity (10° cm/s)

Vibrational: swarm cross-check
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NO swarm data
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NO — congruent set of cross sections
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Semi-empirical methods: elastic (MERT)

Link between elastic, total, MTCS: in some simple cases, and low energies
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MERT allows to inks elastic, total, MTCS:
for atoms, spherical molecules @ energies <1 eV

K. Fedus, G. Karwasz, Eur. J. Phys. D (2014)



Electronic excitation: swarm, beam, theory
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lonization: partial
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These data are from L-B, based on Tian and Vidal.

Data by Feil et al. and King/Price change little on this picture
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lonization: total (x5%)
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lonization: partial (£15%)
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lonization: BEB formula
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Normalized energies: t=E/l, u =E,,
Only two values needed from QCh

G. Karwasz, P. Mozejko, M.-Y. Song, Int. J. Mass Spectrometry365/366 (2014) 23 (2014)



lonization (BEB): CH,, CH,F, ... CF,

6 1 1 1 1 PR T T | 1 1 1 1 PR T T T |
/| Binary-encounter Bethe model
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lonization cross section (10" m")

Thumb rule (?)

O, = 4/3 a

Electron impact energy (eV)

G. Karwasz, P. Mozejko, M.-Y. Song, Int. J. Mass Spectrometry 365 (2014) 232
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National Fusion Research Institute
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NFRI — Republic of Korea

Evaluated data (2007 ~ 2015)
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Nitrogen oxides (2019)

recommended total and partial cross sections in NO are shown in

TABLE 7. Recommended total and partial cross sections for electron-impact ionization

of nitric oxide, NO in 10" cm?. Energy in eV

Energy NO* N* o* NO** Total
125 0.048 0.048
15 0.21 0.21
17.5 0.48 0.48
20 0.59 0.59
225 0.75 0.76
25 0.98 0.014 0.004 0.99
30 1.20 0.054 0.013 1.27
35 1.37 0.132 0.022 1.53
40 1.51 0.191 0.046 0.000 17 1.75
45 1.67 0.252 0.073 0.0015 2.00
50 1.74 0.317 0.104 0.004 2 2.16
55 1.84 0.315 0.140 0.007 6 231
60 1.89 0.375 0.158 0.0113 2.43
70 1.92 0.444 0.170 0.0158 2.55
80 1.96 0.479 0.199 0.0250 2.67
90 1.97 0.481 0.251 0.0295 2.74
100 1.97 0.506 0.247 0.0295 2.75
125 1.92 0.499 0.286 0.0321 2.73
150 1.84 0.502 0274 0.0295 2.65
200 1.69 0.438 0.267 0.0306 2.43
250 1.55 0.406 0.246 0.028 4 2.23
300 1.40 0.385 0.191 0.0233 2.00
400 1.24 0.309 0.168 0.0232 1.74
500 1.11 0.265 0.139 0.0203 1.53
600 0.98 0.228 0.139 0.0147 1.36
800 0.81 0.190 0.100 0.0132 1.11
1000 0.70 0.169 0.076 0.0069 0.95

Fig. 17 and given in Table 7, respectively.

2.10. Electron attachment (DEA) cross section

Rappand Briglia ' measured the absolute TCS’s for negative-ion
formation in NO by electron impact in a total ionization tube. The
dissociative electron attachment (DEA) channel forming this negative
ion is O” from NO. Orient and Chutjian  identified three channels
forming O"(°P), but did not present the absolute cross sections. Rapp
and Briglia " is the only available measured DEA cross sections and
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FIG. 16. Partial ionization cross sections for ionization of NO by electron impact:
fagmentN" and O ions and the summed (N* + O* + NO*" ion signal unresolved in
measurements of Lopez et al). Experimental data are from Iga et al,™” Lindsay

etal,” and Lopez et al.”’

J. Phys. Chem. Ref. Data 48, 000000 (2019); doi: 10.1063/1.5114722
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,Recommended” cross-sections: CH,
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,Recommended” cross-sections: C,H,
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,Recommended” cross-sections: N,O
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