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H-mode is intrinsically challenging in a reactor
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The high confinement of H-mode plasmas is beneficial to reduce the capital cost of 
a power plant, but:

L power density that will be convected to the reactor vessel (Psep > PLàH and 

ELMs) is too high to be withstood by the Plasma Facing Components (PFCs)

Though the challenge is being tackled:

§ Plasma exhaust strategies

§ Active ELM control techniques

§ ELM-free H-mode scenario development

Fusion community is questioning whether this regime is optimal for future reactors

(no doubts that H-mode-like level of confinement is needed…)

à Alternative magnetic configurations are being explored (or revisited)



Negative triangularity is a promising candidate
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L-mode plasmas with H-mode-like core pressure levels without any pedestal

à Core confinement and power handling compliant with reactor requirements

ß collisionality

TCV EC-heated

[2]

Core:

§ Improved thermal plasma transport

EC-heated plasmas [3]:

[2] J. Camenen Nucl. Fus. 47(7), 510 (2007)

[3] Pochelon et al Nucl. Fus. 39 1807 (1999)
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L-mode plasmas with H-mode-like core pressure levels without any pedestal

à Core confinement and power handling compliant with reactor requirements

[2] J. Camenen Nucl. Fus. 47(7), 510 (2007)

[3] Pochelon et al Nucl. Fus. 39 1807 (1999)
[4] S. Coda, Plasma Phys. Control. Fusion 64 (2022)

[5] M. Garcia Munoz et al, EPS 2021 [3]

Core:

§ Improved thermal plasma transport

EC-heated plasmas [3]:

§ Improved FIs transport [5]

§ Reduced AE

§ Larger FIs content

TCV limited ohmic L-mode

ß No clear saturation found
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L-mode plasmas with H-mode-like core pressure levels without any pedestal

à Core confinement and power handling compliant with reactor requirements

[6]

DIII-D

Core:

§ Improved thermal plasma transport

§ Improved FIs transport [5]

Edge:

§ No ELMs

§ No impurity retention

[2] J. Camenen Nucl. Fus. 47(7), 510 (2007)
[3] Pochelon et al Nucl. Fus. 39 1807 (1999)
[4] S. Coda, Plasma Phys. Control. Fusion 64 (2022)

[5] M. Garcia Munoz et al, EPS 2021
[6] C. Paz Soldan, Plasma Phys. Control. Fusion 63 (2021)
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L-mode plasmas with H-mode-like core pressure levels without any pedestal

à Core confinement and power handling compliant with reactor requirements

Core:

§ Improved thermal plasma transport

§ Improved FIs transport [5]

Edge:

§ No ELMs

§ No impurity retention

§ Wider SOL heat flux [7]
[2] J. Camenen Nucl. Fus. 47(7), 510 (2007)
[3] Pochelon et al Nucl. Fus. 39 1807 (1999)
[4] S. Coda, Plasma Phys. Control. Fusion 64 (2022)

[5] M. Garcia Munoz et al, EPS 2021
[6] C. Paz Soldan, Plasma Phys. Control. Fusion 63 (2021)

[7] A. Marinoni et al 2021 Nucl. Fusion 61 116010

[6]

DIII-D
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WPTE-RT07 at a glance

Scientific objectives

D1. Advanced MHD equilibrium and stability analysis of TCV and AUG 
plasmas.
D2. Develop similar scenarios in TCV and AUG to support iDTT design.
D3. Investigate power exhaust and detachment with simulations (2021) and 
in experiments in AUG and TCV (2022).
D4. Provide answers on the plasma core confinement properties (density
limit, plasma current limit, …) to the EUROfusion Ad-hoc Group ("Proof of 
principle Phase").
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1st session at TCV in 14-18/02/22

#20 shots



Tokamak à Configuration Variable (TCV)
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Limiter Divertor

Large variety of NT shapes:
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Proposal in support of DTT design
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Scenario target requirements

q EM

NT/PT pairs of DTT-like shots (LSN, !top=-0.3, !bot=0.05) at

q95∼ [3, 4] ([-250, -300] kA / -1.4 T à forward BT)

q PLASMA
ne ∼[2,3]e19m-3 à nGW ∼0.3

ECRH-X2 density cut-off: ne = 4.3e19m-3

q H/CD

(up to) 1MW on-axis co-Ip NBI (15-28keV) 
(up to) 0.75MW co-Ip ECRH-X2

q DIAGNOSTICS

Core profiles (TS, CXRS, MSE)

Fluctuations (CECE)
Edge (Langmuir)

…
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Reproduce DTT NT equilibrium
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∼+0.01

∼-0.24



NT/PT pair shots with NBI only
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NT/PT shots

same q95 ∼ 3

similar ne

same "N

PNB(PT) ∼ 2 PNB(NT)



NT/PT pair shots with NBI only
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NT PT



Statistical analyses (preliminary)
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NT requires low power to achieve same betaN

NT ∼1.5X better confinement at the same power



Preliminary conclusions

WPTE-RT07 I session on TCV:

§ DTT-like NT/PT pair shots obtained for  Ti>Te (NBI) and Te ∼
Ti (NBI+ECRH)

§ NT plasmas disruptions mainly due to VDE or for not-optimal
equilibrium control (outer wall frequently touched)

§ Vivid MHD activity but not disruptive

§ Improved NT perfomance wrt PT in L-mode (NT L-mode vs 
PT H-mode data are not available yet)

§ Elevated low-shear NT scenario development was planned
too, but has not performed due to ECRH availability
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