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TRIPLE PRODUCT
Triple product W7-X

New record triple product achieved at W7-XMore stored magnetic 
energy than W7-X

Less stored magnetic 
energy than W7-X

W7-X achieved competitive triple 
product given its stored magnetic 
energy 

CICLOP DB 
[Litaudon, Nuclear 
Fusion, 2023]

HIGH PERFORMANCE DISCHARGES AT W7-X

Gyro-Bohm scaling of high confinement discharges

Gyro-Bohm scaling Definition from kinetic profiles and 
heating power

Achieved energy 
confinement time and 
ion temperature in line 
with Tokamak gyro-
Bohm H mode scaling

W7-AS to W7-X (similar 
plasma regime): Follows 
the Tokamak fitted gyro-
Bohm scaling

fitted to Tokamak 
data points only!

Accessing and stabilizing high performance plasmas

I. Pure NBI heating: 
a) core density gradient develops
b) low ion temperature due to low power

II. Add ECRH: 
a) Core ion temperature increases
b) Core density pump-out: stabilizes gradient

Adding too much ECRH: Core density gradient 
reduction until back transition to higher heat 
transport regime

Need to find balance 
ECRH power!

Accessing and stabilizing high performance plasmas – 
different magnetic configurations

Best performance achieved in iota scan configuration

FMM: limiter type 
configuration with 
internal islands 

Andreeva, NF, 2022

Poincare W7-X 
FMM

FMM* has 
reduced internal 
island size

Lopez-Cansino, to be published

flattening

Time evolution of plasma performance in FMM*

Record HP 
phase

Reactor? 

Extension? 
W7-X: solvable technical limitations + 
divertor heat load

Particle pinch for core 
gradient creation

Need to control impurity 
transport (e.g. core electron 
root regime)

Impurity 
accumulation
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