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@) Characterization of LFS divertor conditions for
JET-ILW L-mode plasmas with different isotopes

KT3
spectrometer

FIR
interferometer

JET-ILW = removed impact of carbon radiation on
detachment

Vertical-horizontal configuration, optimized for

diagnostics and edge model validation
[M. Groth et al., NF 53 (2013)]

Total heating power up to 3 MW: 1 MW NBI

Hydrogenic gas injection to raise core density to
density limit

Diagnostic coverage of LFS divertor
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* Beryllium included in EDGE2D-EIRENE, but negligible
impact = neglected in SOLPS-ITER
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© validation with EDGE2D-EIRENE and SOLPS-ITER

B2.5 plasma grid
EIRENE neutrals grid  Starting from EDGE2D-EIRENE simulations from
M. Groth et al., IAEA FEC (2023)

1.57
* Beryllium included in EDGE2D-EIRENE, but negligible
1 impact & neglected in SOLPS-ITER
= 0.57
< Of * Cross-field drifts and currents activated
-0.5¢ :
* Feedback gas puff to obtain n ., ,
il Initial assumption: <n>.4.. =2 X Ny oo
1.5¢ [M. Groth et al., JNM 438 (2013)]
P <N>gee — Nesepm Felationship to be re-assessed

Albedo pump surfaces
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@) Peak density at LFS plate in simulations is already a factor
2-3 lower than the line-averaged measured density
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/©) The line-averaged synthetic diagnostics further worsen

the simulation-experiment discrepancies for n,
Spectro. inferred n, and T, from simulation with PESDT-Cherab
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Max n, ~ /m in both
experiment and simulation

T, derived from differentiation
of continuum emission between
two wavelengths: increased T,
for 360-393 nm

(incl. recombination edge)
[B. Lomanowski et al., PPCF 62 (2020)]

Differences in sheath b.cs in
SOLPS-ITER and EDGE2D-EIRENE
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Particle balance:

Energy balance:
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— Qimp

in simulations

Combining egs.
[S. Krasheninnikov et al., PoP 23 (2016)]
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@) Still 25% underestimate of /
with increased input power

Particle balance: T, ~ Sio, — Stec

LFS-plate,max

in simulations

Combining egs.
[S. Krasheninnikov et al., PoP 23 (2016)]

Energy balance: Q. =TIy . QsoD— Qip
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@) Peak / s .1 iNCreases with 65% when using
fully Lyman-opaque ionization rate coefficients

T, ~ SOL Y peff o, SE. — All processes
Y o Sion — Only H+e 2 H* + 2e

Integrated over LFS region

Increased power loss due to
molecular processes for H




@) Peak / s .1 iNCreases with 65% when using
fully Lyman-opaque ionization rate coefficients
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@) Experiments and simulations indicate more than 60%
Lyman reabsorption for JET-ILW high-recycling plasmas

 General overview [A. Pshenov et al., NME 34 (2023)]

 Experimental evidence for JET-ILW [B. Lomanowski et al., PPCF 62 (2020);
J. Karhunen et al., submitted to NME]
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Q) Net recombination source is similar for H, D, and T
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I, ~ f?SOL * 45% increase in electron-ion recombination (EIR)
Eion 71w for D/T plasmas compared to H plasmas
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@) Simulations underestimate Ba-a and Ba-y emission
with factor 3-5 and 1.5-2, respectively

Ba emission
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*No contributions of reflected light in simulations (~30-40%)
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Significant effect of pump in
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[A. Meigs et al., submitted to NME]
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@) Simulations underestimate Ba-a and Ba-y emission
with factor 3-5 and 1.5-2, respectively

Ba emission
averaged over tile 5

o

e Exp. KT3e8Ta/b - sc-He

Exp. KT3e8Ta/b - LN,

SOLPS 2.2 - 2.8 MW

101
T T T T T T
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: . : - L L 1 1 1 ! | |
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< Ne >edge [10" m™?] < N >edge [10Y m™3]

*No contributions of reflected light in simulations (~30-40%)

Significant effect of pump in Ba-a lower for H than D/T in

experiment experiment €< opposite in
[A. Meigs et al., submitted to NME]  simulation



@) H is predicted to contribute to 50% of total

Ba-a emission from H
HD T . SOLPS 2.2 MW
-10

1
| — Total
----H3 contribution

* Consistent with observation of importance of MAR
for H in simulations

=» underestimate of MAR for D/T?
[K. Verhaegh et al., submitted to NME;
J. Karhunen et al., NME 34 (2023)]
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@) H is predicted to contribute to 50% of total
Ba-a emission from H

HD T . SOLPS 2.2 MW : * Consistent with observation of importance of MAR
—  Total / for H in simulations

----HJ contribution

J[LLo_ Excitation <7 =>» underestimate of MAR for D/T?
[K. Verhaegh et al., submitted to NME;

J. Karhunen et al., NME 34 (2023)]

Ba-a [ph/m?/s/st]

* Atom excitation similar for all isotopes

Ba-y [ph/m?*/s/st]




©) H is predicted to contribute to 50% of total

Ba-a emission from H
HD T ., SOLPS 2.2 MW
-10 | | |

* Consistent with observation of importance of MAR

|— Total‘ | . . .
- H contribution / for H in simulations

3 o Recombination%

=» underestimate of MAR for D/T?
[K. Verhaegh et al., submitted to NME;
J. Karhunen et al., NME 34 (2023)]

Ba-a [ph/m?/s/st]

Atom excitation similar for all isotopes

Ba-y is excellent indicator for EIR [V.-P. Rikala et al.,
submitted to NME; A. Meigs et al., submitted to
NME]

Ba-y [ph/m?/s/st]




@5 H is predicted to contribute to 50% of total

Ba-a emission from H

HD T u o0PS2.2MW | * Consistent with observation of importance of MAR for H
- — Tot.

e T in simulations

H AMIUEL 200 4 => underestimate of MAR for D/T?
[K. Verhaegh et al., Invited Tuesday 15:10;
J. Karhunen et al., NME 34 (2023)]
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* Atom excitation similar for all isotopes

21 1  Ba-yis excellent indicator for EIR [V.-P. Rikala et al.,
submitted to NME; A. Meigs et al., submitted to NME]

Ba-y [ph/m?*/s/st]

* Factor 4 overestimate of Ba-a when using
AMJUEL H.12 3.0c to calculate H density from H,
density for D/T = E.g., emissmol in SOLPS-ITER is wrong




/@) Recombination chain via H" is important for H and needs to
be re-assessed forDand T
Hy+e — H +H
H +H" — 2H

— EIR
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@) Recombination chain via H" is important for H and needs to
be re-assessed forDand T
Hy+e — H +H
H +H" — 2H

— EIR
--- MAR — MAI; HJ  H neglected in simulations, but should be
L MAR: H- ] .
; included for H
HDT

 Invalid database for D and T!




@) Recombination chain via H" is important for H and needs to
be re-assessed forDand T
Hy+e — H +H
H +H" — 2H

— EIR
s MAR — MAIL; HY e H neglected in simulations, but should be
------ MAR H- | & .~ included for H
HD T e

 Invalid database for D and T!

- \ 4

5  Collisional-radiative model (CRM) to properly
assess the isotope effect!




a )
Q) Overview

Introduction

Experimental validation of simulation results

Impact of plasma grid extension to main chamber wall

Conclusions & outlook




@) New unstructured SOLPS-ITER version allows
plasma grid extension to the vessel wall

Standard Extended
2 _
"l 1.57 * Grid smoothing with GOAT
" 17 [N. Vervloesem et al., CPP (2024)]
= 05" = 05
N O N 0t
0.5 05/ _
1l i * Drifts & currents turned off
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R [m]
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@) Extending the grid increases the peak /s ;. and n, by 25%

D >ame target area as Experiment —— Standard grid ---- Extended grid
for standard grid
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@) Extending the grid increases the peak /s ;. and n, by 25%

D Same target area as Experiment —— Standard grid ---- Extended grid
for standard grid
T T T T T T T B ! =
2r e JPN 95889 - 3 JPN 100559 - JPN 94759 -
STy 6 | i :
1.5} .

[LFS—plate [1023 S_l]
T

1 2 3 4 5
< NMe >edge [1019 m_3]

No significant difference for the decrease of / ¢ .. With increasing <n >, in
detached conditions between standard and extended grids
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@) Extending the grid reduces the plasma power to the main
chamber wall by 20%

Power crossing the standard grid boundary

——= Electrons
———= Jons

— Standard grid

---- Extended grid

More power available for ionization = I'y ~ S




a )
Q) Overview

Introduction

Experimental validation of simulation results

Impact of plasma grid extension to main chamber wall

Conclusions & outlook




/, )
@) Conclusions & outlook

/ Experiments

Similar onset of detachment for
H D&T

~

Stronger detachment for D & T than H
due to increased electron-ion

Qecombination

/




/’ )
Q) Conclusions & outlook

/ Experiments \ / Simulations \

Similar onset of detachment for Similar onset of detachment forH,D & T
H D&T

Same degree of detachment for H, D, & T
Stronger detachment for D & T than H plasmas due to increased MAR for H
due to increased electron-ion =» Underestimate of MAR for D/T?

Qecombination /

Lower density and LFS target peak fluxes than
experiment
=>» Indication of Ly-opacity

Increased ionization & recombination for

Q(tended grids /




/’ )
Q) Conclusions & outlook

/ Experiments \ / Simulations \

Similar onset of detachment for Similar onset of detachment forH,D & T
H D&T

Same degree of detachment for H, D, & T
Stronger detachment for D & T than H plasmas due to increased MAR for H
due to increased electron-ion =» Underestimate of MAR for D/T?

Qecombination /
Lower density and LFS target peak fluxes than

/ Outlook \ experiment

Need for increased-fidelity =2 Indication of Ly-opacity

reference simulations: . .
Increased ionization & recombination for

k-) Extended grid + CRM + photons / Q(tended grids /




O

&' Possible TSVV 5 activities

* Coupled plasma-neutral-photon simulations for these JET L-mode plasmas
(R. Chandra)

e Revival of H2-colrad in EIRENE (initiated by D. Reiter & P. Borner)
=>» application to JET L-mode plasmas

* Transport of vibrationally excited molecules with H2VIBR
o Done when launching as v = 3 =2 no significant impact
o Launching as v = 4 = significant impact expected due to resonance
o Understanding observed instabilities reported by F. Reimold and J. Bryant
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