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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).

Outline:

1.Rationale: what is needed?

2. Experimental methods for electron-molecule cross
sections

4. Case study: recommended CSs for e + CH,

5. Semiempirical estimations: C, Be, W — like species

6. Theoretical progress (for ligth targets)

7. Theory for C, Be, W, ...

8. Conclusions: how to proceed?

Rationale: electron T

NIMBUS-like model

Kotov-2008 model

iNe+H" = Ze s+ H*
(23 Ht +H® — H" + H*
Ne+C" — ZesC”
dre+H; —= 3e+2H

Same reactions as default plus:
(9 H: +H* — H* +H;

(100 Hy + H — H: +H"
{11)e+H; = 2e+H]

Sle+H; = e+ 2H" i
Ble+H: — 2e+H +H"
(Me+H —H° (13)e+H; — 2e+ IH*
B Ze+H' — e+ H° (14)e+H; — 2H"

No CRM® for (4), (5) and (6) CRM?® for (11), (5) and (6)

(replacing (4})
12le+H; = e+H" +H"

* Collisional Radiative Model.

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

Carbon sputtering by CH, and C,H, ions

E045232

The emission rates of CH, CD and C,
spectral bands and a re-evaluation of th =
chemical sputtering yield of the JT-60U "
carbon divertor plates
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Data needed: |l Positive ions (BeH*)

1.Recombination: A*+e —- A

1a. dissociative recombination: AB* + e — A* + B

2. Partial cross sections:

vibrational excitation e+AB(v=0) — e+AB(v>0)
electronic excitation e+A* —e +A*"

double ionization e+A* — A%+ 2e
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three points of density ramp:
good agreement

Power irradiated (0.5-1.5 MW) simulation:

Guillemaut et al. Nucl.Fusion (2014) JET-C <10% JET-ILW factor 3!

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

1. Total cross section
2. Partial cross sections:

elastic scattering etA —etA
rotational excitation  e+CH, (J=0) — e+CH, (J=2)
vibrational excitation e+AB(v=0) — e+AB(v>0)
electron attachment (dissociative) e+tAB — A-+ B
electronic excitation e+A —e+A’
emission lines: A" — A+ hv
neutral dissociation e+AB - A+B+e
emisison from dissociation e + AB - A"+ B + e + hv
ionization etA —»A*+2e
dissociative ionization e+AB — A + B*+ 2°
jonization into excited states e + A — (A*)" + 2e
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Experimental methods: total

Experimental methods: elastlc
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Experimental methods: electronic,
vibrational, DA

Experimental methods: excitation
(electronic, vibrational)
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Experimental methods: ionization (1)
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Dissociation into neutrals (CF,, CH;F...)

volatile organotellurides

ouwnupou.s FAmA‘:l_l
srscraomasn
P-4x10% torr

DIFFUSION
smx

FIG. 1. Schematic diagram of the apparatus.

Additivity rule:
cross section = sum of paths

Motlagh and Moore, JCP109 (1988) 432
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Methane: swarm in mixtures
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study: CH,
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Experimental methods: ionization (2)
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Review case study: CH,

2. Momentum transfer (and elastic) cross sections: +15%
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Review case study: CH,

3. lonization total: +10%
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Review case study: CH,

3a. lonization partial: channel resolved
e.g. e+CH,— CH;* +H" + 2e
or e+CH,— (CH/*) +e — CHy* + H* + 2e

1000

Review case study: CH,

3a. lonization partial: £10%
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Review case study: CH,
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Review case study: CH,

5. Electronic excitation: reasonable agreement between
dissociation into-neutrals experiment and R-Matrix calculation
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Review case study: CH,

6. Rotational excitation: experiment (Kochem et al.. 1

akamura, J. Tennyson,

985) really

difficult; cross sections from R-matrix calculations adopted
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Figure 13. Electron impact dissociation cross section. Theory: red
solid line: present work: red dashed line: present work, shified to

lower energy by 3.2 eV; purple solid line: Hayashi (1991); orange
dashed line: Cl Ziollkowski er al (20
CH, of Zillkowski er al (2

W. J. Brigg, J. Tennyson, M. Plummer
J. Phys. B 47 (2014) 185203

2); orange dotied line:
Experiment:blue squares: CH of

W. J. Brigg, J. Tennyson, M. Plummer, J. Phys. B 47 (2014) 185203

. Nakano et al (1991); blue triangles: CHy of Nakano er al (1991); R-Matrix
R-Matrix arcen triangles: CH; of Makochekanwa et al (2006); pink triangles
CH, of Motlagh and Moore (1998); purple circles: Winters (1975)
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WF¢ - few data Semi-empirical methods - zero-energy cross section:
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Searching analogies (2): Semi-empirical methods: elastic (MERT)

,resonances” in total cross sections Link between elastic, total, MTCS: in some simple cases, and low energies
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Semi-empirical methods: elastic (MERT) Semi-empirical methods: vibrational (Born)
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lonization: semiempirical formulae
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Electron detachment(D-M): B,~

Deutsche-Mark formalism
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High energies: in search for additivity rule
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Swarm analysis: resonances in NO
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Theoretical progress - Kohn variational:
dissociative attachment (C,H,)
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Searching analogies (1):

partitioning into elastic & ionization
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Theoretical progress:
resonances in NO (R-matrix)
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C, —electron detachment, electronic excitation BeH* — electronic and rotational excitation

X'E oA’y
a“n 30
Ky
J. Phys. B: AL Mol. Opl. Phys. 41 (2008) 155201 G Halmovi ef al g ,Uf
3= Hl'L Y
—— —— 4 Al
o ]
| g 5 6 7 8 9 10 11 12
: £ E (aV)
8 | w 10°
8 ,,‘ B 10°
BE, L) —
o i e g e
- . . g A
solid line — with Born correction © RN
broken — without Born correction o M
10° i
107" 10° 10'
E (eV)
Halnova, Gorkenfield, J Tennyson, JPB 41 (2008) K Chakrabarti and J Tennyson, Eur. Phys. J. D 66 (2012) 31
UK Molecular R-matrix code: electronic, rotational UK Molecular R-matrix code: electronic, rotational
BeH* dissociative recombination BeH* — el i d vibrational excitati
eH™ — electronic and vibrational excitation
w | X'E =0 =a'Tw=0 | ‘x‘z‘nu‘=lsa-'n;r,=-. ‘l
w 1w
- @) )]
10 3 |
o W
- 5 \
10 " '
- W .
E o} L.
Eg g W \ o
= . £
3" Cw
Lo i
o
110 " [rze-m—=aze-nm] [xT ez =270 0]
| 1 I o a) 4
< o 10! 4! a0 P e : ’, o
g Energy (V) e |
i TABLE I Parameters for the fitted form of the dissociativere- L T s
G_ combination cross sections at low collision energies, in ———
lon Vibrational level (mr“gfﬁ V) b " o
BeH* =0 AL 099
BcH* =1 690 093 nr“ - s =k u‘I - - e
BeD* =0 33 102 -
Roos,..Orel, PRA 80 (2009) 012501 i - i 1os  OfEP Enerzy () Ensrey 41)

R Celiberto, R K Janev, D Reiter, Plasma Phys. Control. Fusion 54 (2012) 035012
Coulomb-Born approximation: cross sections, excitation rates T=0.1-10,000 eV)

Variational Kohn method

BeH: electronic and vibrational excitation

wone
Metals: Hg, Au, Ru
o T ' | i 3
o {s £ ¢ PRESENT DATA labsolute)  :
3 £ Qlad) * PRESENT DATA [relative)
B i~z Hg + SIMONS+SEWARD (1938) -
i 3 1000 + PALMER (1931)
3 e § = BRODE (1929)
i A : = JONES (1928)
i : - g o BEUTHE (1927)
.- -~ MAXWELL (1926]
. s m o om aa i -+ SEMIEMPIRICAL DATA
tcrancleas ditaace (1.0)
100

1008

Om 100 T000
"' E@V)
O R e sscessenr s A S S Figure 1 Electron elastic TCSs for Au. Y, Ru and
ol Ag in the region of negative ion formation
. 10, L S LS ETT - e A.Z. Msezane, Z. Felfli, D Sokolovski
. 01 1 10 E . .
o i Ried J. Phys.: Conf Series, 388 (2012) 042002
K. Jost and B. Ohnemus, Thomas-Fermi potential
Phys. Rev. A 19 (1979) 641

w v m - e
Energy (V)
e e nic temperature (eV)

R Celiberto, K L Baluja and R K Janev, Plasma Sources Sci. Technol. 22 (2013) 015008
Mott-Massey Schr. eq.

Metal molecules (B,): electronic excitation Conclusions — state of art
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Conclusions (2) - perspectives: Acknowledgments:
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1.,Physical” cross sections still needed : I e Dt e vices

2.,Chemical” cross sections even more &) E2h20H2 Moo|E{ e}
3.Reviews for new targets: Be, BeH,, W ? S

4.Simple theories and scalling laws useful

5.Advanced theories ,at reach”

6.Lab experiments still needed
Greetings

7.and ITER-like experiment even more | from Torunl

— constructing cooperative networks




