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• 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

INTRODUCTION

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

• Work plan
• 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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• Assess role of ECWC in the JT-60SA wall conditioning strategy
• Support the development of the conditioning strategy, includes baking, He/H2-GDC, 

He/H2-ECWC and boronisation
• 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
• Poloidal field: radial/vertical vs. trapped particle configuration
• Neutral gas pressure

• Support development of ECWC scenario
• Wave form, EC duty cycle, …

ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

Peak is mostly H2

Tail is [CO, CO2, H2O]

Example: outgassing 
after first 5x O1 ECH 
plasmas probes the
• Wall conditions
• Effect of ECH plasma 

on wall conditions
• Allows to compare 

effect to GDC

Processed picture of ECH 
afterglow
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Normalised outgassing = pmax / EC energy follows ~ t-0.7 dependency similar as W7-X OP1.1

ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

# H2 : 0.9 
Pam3/s

ECH O1
760 kW

Start
s 

(LP)

Stop
s 

(ECH)

P_max
Pa 

(MfdC)

271 2s 0.2 0.0765 0.21 3.2e-3

272 0.5s 0.2 0.0683 0.21 1.8e-3

273 0.2s 0.2 0.0765 0.21 1.4e-3

274 0 0.2 0.0823 0.21 1.2e-3

275 0 0.4 0.0823 0.41 1.5e-3
JT-60SA 271:275 - O1 ECH plasma

W7-X X2 ECH plasma

• ~ 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 H2-GDC in OP1.2a

[Wauters T., Nucl. Fusion 58 (2018) 066013] 

=sum(stop-start)

2021-03-02 ECWC log – Normalized outgassing
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• 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.?

• 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

ANALYSIS OF WALL CONDITIONS DURING JT-60SA COMMISSIONING

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1

2

4

6

8

10

12

14

x 1018

radius (m)

Li
ne

 in
te

gr
at

ed
 d

en
si

ty
 (m

-2
)

 

 

BT=1.3T

1.54T

PECRH=320 kW
pHe=10-2 Pa

[D. Douai RCM-5 Naka]

BT = 1.3T

BT = 1.54T

TCV 82.7GHz n=2, X2, BV

JT-60U, X2BH/BT = 0% BH/BT = 1.1%

[M. Fukumoto et al, NME 2017]

#4412
0.6MW

[K. Itami, S. Hong JNM 2013]

BV + BH

KSTAR, X2

2.5MW, 1.86 T  

Horizontal B component:  BH
Vertical B component:  BV
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• How to assess role of multi-pass absorption, absorption efficiency
• Example TCV X2 He ECWC plasma

TOMOGRAPHY OF JT-60SA EDICAM IMAGES

[See talk Jordan Cavalier]

Inverted plasma 
emission in the 
poloidal plane

Plasma current (kA)
Small but seems to have 

effect on plasma position 

Tangential fast 
camera image, 
no filter

Vignetting at top, no 
info above z>20cm
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• Assess the plasma wetted areas by poloidal emissivity maps
• Example TCV X2 He ECWC plasma

TOMOGRAPHY OF JT-60SA EDICAM IMAGES

[See talk Jordan Cavalier]

Vertical field TCP, quadrupole TCP, hexapole
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• ECWC model to complement experimental observations 
• Partially ionized plasma: He, H2 (CI-V)

• Reaction-Diffusion-Convection : 1D radial

• Case study for TCV He-ECRH plasmas X2 @ 82.7GHz
• Input: Experimental He and H2 pressure, experimental density profile, vessel 

dimensions, toroidal and poloidal magnetic field, location of resonance layer

• Output: Transport coefficients and absorption

MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS

 Collisional reaction Ref. 
 Electron collisions with H and H+  
1 e + H → e + H∗ ∗ [4] 
2 e + H → e + H" + e [4] 
3 e + H" + e	 → e + H [4] 
4 e + H" → H+ ℎ' [4] 
 Electron collisions with H2, H#" and H$"  
5 e + H# → e + H#∗

∗
 [8] 

6 e + H# → e + H + H ∗
 [4] 

7 e + H# → e + H#" + e [4] 
8 e + H# → e + H + H" + e ∗ [8] 
9 e + H#" → H# + ℎ' [4] 
10 e + H#" → e + H + H" ∗

 [8] 
11 e + H#" → H+ H ∗

 [8] 
 e + H#" → H+ H∗ [8] 
12 e + H$" → H+ H + H ∗

 [8] 
 e + H$" → H# + H

∗
 [8] 

13 e + H$" → e + H" + H + H ∗
 [8] 

 Electron collisions with He, He" and He#"  
14 e + He → e + He" + e [4] 
15 e + He" → He + ℎ' [4] 
16 e + He" → e + He#" + e [4] 
17 e + He#" → He" + ℎ' [4] 
 Ion impact reactions  
18 CX:	H" + H [9] 
19 CX:	H" + H# [8] 
20 CX:	H#" + H# [8] 
21 CX:	He" + H [10] 
22 CX:	He" + He [8] 
23 CX:	He#" + H [11] 
24 CX:	He#" + He →	He" + He" [12] 
25 CX:	He#" + He → 	He + He#" [8] 
26 H#" + H# → H$" + H [8] 
27 H" + H → H" + H∗ [8] 
28 H" + H# → H" + H#∗  [8] 
29 H" + H → H" + H" + e [8] 
30 H" + He → H" + He" + e [8] 
31 H" + H# → H" + H#" + e  [8] 
32 H" + H#" → H" + H" + H [8] 
33 He" + H# → He + H" + H [8] 
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• ECWC model to complement experimental observations 
• Partially ionized plasma: He, H2 (CI-V)

• Reaction-Diffusion-Convection : 1D radial

• Case study for TCV He-ECRH plasmas X2 @ 82.7GHz
• Input: Experimental He and H2 pressure, experimental density profile, vessel 

dimensions, toroidal and poloidal magnetic field, location of resonance layer

• Output: Transport coefficients and absorption

MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS
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𝐵! = 1.54T
𝐵" = 3.5mT
𝐵# = 0.5mT

EC power scan
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𝐵# = 0mT
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Vertical B scan

𝑉 = 𝑓!𝑉(𝑡, 𝑇, 𝜈, 𝐵" , 𝐵#)

𝑓 )1(3. = 10.9 ± 23%

𝐷$ = 𝑓%𝐷(𝑟, 𝑡, 𝑇, 𝜈, 𝐵" , 𝐵$)

à 𝑓& = 1/16 (Bohm)
à 𝑓& = 0.21 (Spitzer)

𝑓5 = 0.19 ± 18%

• Anomalous diffusion

• Charge accumulation: E/B
• Neutral body with net force

𝑃&',)*+,-./ = 𝑓0𝑃&',-1+2)3./

• Resonant EC absorption

𝑓6,781 < 0.25
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• Plasma emissivity profiles as input to TOMATOR-1D model
• Qualitative agreement between density and emission maxima in TCV

MODELING OF ECWC TO COMPLEMENT EXPERIMENTAL OBSERVATIONS

𝐵! = 1.5T
𝐵# = 0mT
𝑃$% = 400kW

Vertical B scan

Light ∝ n0 * ne * f(Te)

[See talk Jordan Cavalier]

ToDo
• Relate emission to collision processes
• Find experimental approximation
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EXAMPLE OF SIMULATIONS FOR JT-60SA
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Parameter scan: 
Resonance layer position

R scan or Freq. scan
R=1.8  m: 82/110/138 GHz
R=2.27m: 82/110/138 GHz
R=2.7  m :     110/138 GHz

7 min for Bt change

P R B Bv Bh pHe pH2

↔ 2.7m 1.79T 0.5% 0% 5mPa 0.1mPa

13% ↔ ↔ 0.5% 0% 5mPa 0.1mPa

13% 2.27m ↔ 0.5% 0% 5mPa 0.1mPa

13% 2.27m 1.51 ↔ 0% 5mPa 0.1mPa

13% 2.27m 1.51 0.33% ↔ 5mPa 0.1mPa

13% 2.27m 1.51 0.66% 0% ↔ 2%

13% 2.27m 1.51 0.66% 0% 5mPa ↔

13% Dual-f 1.6 0.5% 0% 5mPa 0.1mPa

Ready to start 
working with JT-60SA 
input !
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CONCLUSION
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• Work plan 
• 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 à Particle fluxes to HFS and LFS
• Required coupled power to equilibrate the power balance à Estimation of stray radiation 
• Camera tomography will complement plasma diagnostics as input for TOMATOR-1D model
• 2021-2025

• Projection of ECWC experience to ITER
• E.g. power requirement, stray radiation, lessons form routine ECWC operation
• 2024-2025


