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INTRODUCTION

* Conditioning challenge in JT-60SA commissioning phase

* Keep up the plasma performance throughout an experimental day / week while the
superconducting coils remain energized

* Glow discharge conditioning is not operable in the presence of magnetic fields
* ECRH plasma will be used for wall conditioning and breakdown assistance

- need to understand how ECRH plasma production works and assess role for ECWC in JT-60SA

Work plan
e Analysis of wall conditions during JT-60SA commissioning
* Modeling of ECWC to complement experimental observations in JT-60SA

* Projection of ECWC experience to ITER !
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ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

e Assess role of ECWC in the JT-60SA wall conditioning strategy
» Support the development of the conditioning strategy, includes baking, He/H,-GDC,
He/H,-ECWC and boronisation
e Assess the conditioning needs in the different commissioning phases and look for
opportunities to collect consistent data sets with info on ECWC efficiency
 Compare hydrogen and impurity removal rates to discharge parameters

*  Frequency: fundamental vs. harmonic EC
Processed picture of ECH

e Poloidal field: radial/vertical vs. trapped particle configuration
/ PP P g aftergl_pw

* Neutral gas pressure
e Support development of ECWC scenario
*  Wave form, EC duty cycle, ...
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ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

2021-03-02 ECWC log — Normalized outgassing

Normalised outgassing = p,,ax / EC energy follows ~ t%7 dependency similar as W7-X OP1.1
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Wauters T., Nucl. Fusion 58 (2018) 066013

ECH O1 Start Stop P_Pr:ax
Ml (LP) (ECH) (MfdC)
00765 021 3.3

02 00683 021 183
02 00765 021  1de3

0.2 0.0823 0.21 1.2e-3

0.4 0.0823 0.41 1.5e-3

~ 1e-5 Pa/kJ after 10 ECH plasma seconds
both in W7-X and JT-60SA

In W7-X it was a measure for the attainable
pulse duration until radiative collapse due to
wall fueling.

Acceptable conditions in W7-X: 1-3e-7 Pa/kJ
obtained after 200s in OP1.1 by ECH only

Good conditions in W7-X: <1e-7 Pa/kJ
obtained with H,-GDC in OP1.2a
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ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

 ECRH plasma: produced and sustained by localized absorption of RF power at EC
resonance/harmonics

* How to assess role of multi-pass absorption, absorption efficiency / level of stray rad.?

e Poloidal fields are applied to maximize plasma wetted area and RF absorption
* How to assess the plasma wetted areas with limited diags in the commissioning phase
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TOMOGRAPHY OF JT-60SA EDICAM IMAGES

[See talk Jordan Cavalier]
How to assess role of multi-pass absorption, absorption efficiency

* Example TCV X2 He ECWC plasma

Vignetting at top, no
info above z>20cm

Inverted plasma
emission in the

poloidal plane\

Tangential fast
camera image,
no filter

. Plasma current (kA)
Small but seems to have
effect on plasma position
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TOMOGRAPHY OF JT-60SA EDICAM IMAGES

[See talk Jordan Cavalier]
e Assess the plasma wetted areas by poloidal emissivity maps

* Example TCV X2 He ECWC plasma

Vertlcal field TCP, quadrupole TCP, hexapole

TCV 57331 x 61 o* 08 TCV 57340 x 61 0* 08 TCV 57337
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MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS

« ECWC model to complement experimental observations

Collisional reaction Ref.
. . . Electron collisions with H and H+
e Partially ionized plasma: He, H, (CI-V) 1 e+Hoe+H [4]
2 e+H-oe+H"+e [4]
. . . . . 3 et+H"+e oe+H [4]
. Reactlon-lefu5|on-Convect|on : 1D radial p T H o Ht 4
19 19 Electron collisions with Hz, H3 and Hf
— - _ 5 e+H,>e+H; [8]
n(r,t) o rD(r, t) n(r t) ~3r rV(r,t)n(r,t) + S(r, t) : e, et 4]
10 10 7 e+H,»e+Hf+e [4]
—_ _ 8 et+H,o>e+H+H"+e [8]
E(rt) = - rypD(r, t) E(r t) - rV(r,t)E(r,t) + Sg(r, t) 0 e TS o H + Ay 4]
10 e+Hf oe+H+H" (8]
11 e+Hf >H+H (8]
° - e+Hy > H+H [8]
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14 e+He—-e+Het+e [4]
e Qutput: Transport coefficients and absorption 15 e+ He' > He + hv (4]
16 e+ He' » e+ He*" +e [4]
x10"2 Density x10'? Density 17 e+ He™ - He' + hv [4]
12 3 ‘ T 12 3 ‘ ‘ 1 Ion impact reactions
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- - w=2w - - w=2w
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2 By = 3.5mT 2 By = OmT 28 }11{*‘ :1-1;12:1:#1}}112 %8}
4f By = 0.5mT 4t Pgc = 400kW 29 H*+H->H'+H" +e (8]
30 H* + He > H* + He* +e (8]
31 H*+H, > H*+Hj +e [8]
ol ol 32 H*+Hf >H"+H"+H [8]
; 33 He* + H, > He+H' +H [8]
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MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS

* ECWC model to complement experimental observations ~ * Charge accumulation: E/B
* Neutral body with net force

e Partially ionized plasma: He, H, (CI-V)

V = fV /(t, T,V,BT, BZ)

. Reaction-Diffusion-Convection : 1D radial

a(r,t) = lirD(r 0= n(r £) lirV(r On(r,t) + S, t) fre) = 10.9 = 23%

E(rt) = lairyDD(r t)— E(r t) —lairV(r E(r,t) + Sg(r, t)

e Anomalous diffusion

e Case study for TCV He-ECRH plasmas X2 @ 82.7GHz

* Input: Experimental He and H, pressure, experimental density profile, vessel
dimensions, toroidal and poloidal magnetic field, location of resonance layer

DT' = fD D(r; t,T,V,BT,Br)

fy =0.19 + 18%
- fp = 1/16 (Bohm)

e Qutput: Transport coefficients and absorption

12 H 12 H
12105 ‘ De"S"V 1o 10 ‘ De"“'l!ty — > f, =0.21 (Spitzer)
$ Pec =144 kW $ Bz=0%Bt A
& Pec=170 kW : EC power scan $ Bz=025%Bt ! Vertical B scan
10 F Pec = 180 kW 1 1 10 F Bz = 0.5% Bt | i |
Pec = 180 kW Bz = 0.75% Bt - .
g Poc = 245 KW ! g By = 19 Bt ! * Resonant EC absorption
& Pec=320 kW I & Bz=2%HBt I
87-—0.):29.) ! 87--u.)=2wc ! P _] )
o — Simulation o — Simulation : EC,coupled ] fP EC,launched
§ 6 By =1.54T § 6 B =1.5T !
g By = 3.5mT g By = OmT fP,TCV < 0.25

4. By = 05mT 4l Pgc = 400kW

om Wauters | WPSA PPM | 17 March 2021 9



MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS

[See talk Jordan Cavalier]

Plasma emissivity profiles as input to TOMATOR-1D model

Qualitative agreement between density and emission maxima in TCV
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T T
——Bz=0% Bt I Vertical B scan !
1.8 | Bz=0.25% Bt 1 4.5 1
Bz=0.5% Bt i 1
16 Bz=0.75% Bt 10 0
~——Bz=1% Bt 1
1.4t Bz=2%8t Br = 1.5T 1
8 By = OmT :
1.2 Prc = 400kW .
L
1 6 -
0.8
0.6
0.4
0.2
0 .
70 75 80 85 9 95 100 70 75 80 85 90 95 100 70 75 80 85 90 95 100
x radial radi radial
7
p 210
8 ; % o %
18 Light < ng * n. * f(T.)
‘é 1
05 o
/ ToDo
0 .. . .
1 2 3 a4 * Relate emission to collision processes
sqgrt(max(ne)) . 10°

Find experimental approximation

Tom Wauters | WPSA PPM | 17 March 2021 10




EXAMPLE OF SIMULATIONS FOR JT-60SA

é@_—,JT-60$A Parameter scan:

ed Superconducting Tokamak

— onance layer position @)Q,ST
R scan (82GHz) R scan (110GHz) R scan (138GHz)
gJe T I g[ee™ T S E 1
TER 1TTEERE  1TEERE 1 Ready to start
w fe o | o o | R scan or Freq. scan working with JT-60SA
N R=1.8 m: 82/110/138 GHz _
) i _ | R=2.27m: 82/110/138 GHz input !

R=2.7 m: 110/138 GHz

7 min for Bt change

- PG 27m 1797 05% 0%  SmPa  0.1mPa

13% 0.5% 0%  5mPa  0.lmPa

o - 13%  2.27m 0.5% 0%  5mPa  0.1mPa

13%  2.27m 151 0% SmPa  0.1mPa

13%  227m 151  0.33% Smpat Fodmpa

13%  227m 151  0.66% 0% 2%
13%  227m 151  0.66% 0%  5mPa
13% - 16 0.5% 0%  5mPa  0.lmPa
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CONCLUSION

Work plan

e Analysis of wall conditions during JT-60SA commissioning
* Assess role of ECWC in JT-60SA conditioning strategy
* Support development and optimization of ECWC procedures in JT-60SA
* Camera tomography to assess EC interaction and plasma uniformity
* Mass spectrometry, optical penning gauge, plasma spectroscopy
* Operation 1-3: 2021, 2023-2025
* Modeling of ECWC to complement experimental observations in JT-60SA
* Insight on Transport processes = Particle fluxes to HFS and LFS
* Required coupled power to equilibrate the power balance = Estimation of stray radiation
* Camera tomography will complement plasma diagnostics as input for TOMATOR-1D model
e 2021-2025
* Projection of ECWC experience to ITER

* E.g. power requirement, stray radiation, lessons form routine ECWC operation
* 2024-2025
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