Isotope effect and multi-scale
physics:
experiments in TEXTOR tokamak and
TJ-II stellarator
Presented by Carlos Hidalgo
Yuhong Xu, I. Shesterikov, A. Krámer-Flecken, S. Zoletnik,
M. van Schoor, M. Vergote and TEXTOR team
Carlos Hidalgo, M. Angeles Pedrosa, B. Zurro, M.A. Ochando
and the TJ-II team
Carlos Silva and IST team

1/ 12

Isotope effect physics:
The whole mirrored in the smallest parts
To see the world in a grain of sand
And a heaven in a wild flower
Hold infinity in the palm of your hand
And Eternity in an hour
William Blake
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Isotope effect:
a long-standing open issue in fusion
• Understanding the physics of the isotope effect in plasma
transport and confinement remains as a fundamental open
question confronting the fusion community since more than
30 years.
– There is clear experimental evidence that at comparable plasma
discharge parameters deuterium (D) discharges have improved
confinement properties as compared with hydrogen ones (H) in
tokamaks.
– Interestingly the isotope effect seems to be weaker in stellarators
than in tokamaks.
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Standard theories fail in
predicting the isotope effect

D ≈ (Lr)2 / τ"
• Considering that the characteristic step-size of collisional
transport and turbulent structures increase with the
normalized gyro-radius rs, increasing the mass of the isotope
would imply a deleterious effect on transport.
• The isotope effect is a counter intuitive phenomenon.
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Experimental evidence of multi-scale
transport mechanisms (zonal flows)
Evidence of the importance of multi-scale mechanisms for
describing the properties of confinement in fusion plasmas has
been accumulated both in plasma simulations and experimental
results
[Fujisawa et al., PRL-2004; Pedrosa et al., PRL-2008; Xu et al.,
NF-2011].

The possible influence of the isotopic mass on zonal flows
has been proposed by some theorists.
[Watanabe et al., IAEA-2012; Hahm et al., IAEA-2012]
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The isotope effect and multi-scale
physics in tokamaks and stellarators:
a possible mechanism
Larmor radius (ρs) dependence
of turbulent structures
i.e. size of turbulent structures
increases with ρs

Deleterious effects
on transport:
The mystery of the
isotope effect

Change in the k-spectra of
turbulence
Zonal flow development by inverse
energy cascades via ExB symmetry
breaking. This mechanism is strongly
sensitive to:
I. The relative size of turbulence
structures with respect to Er shear scale
lengths.

Stronger in tokamaks
than in stellarators
(due to the stronger
damping of zonal
flows)

Beneficial effects
on transport

II. Damping of zonal flows
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LONG-RANGE CORRELATION STUDIES IN
TEXTOR AND TJ-II:
experimental set-up for multi-scale studies

In fusion plasmas the largest radial
scales are determined by the size of the
device (in the order of meters / zonal
flows) whereas the smallest scales are
linked to the gyro-radius of charge
particles (in the order of 10-4 m for ions
in the plasma edge).
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Edge plasma parameters were
simultaneously characterized in two
different poloidal / toroidal positions
using two similar multi-Langmuir probes.
!≈%&"#$
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Long Range Correlation: H versus D
TJ-II versus TEXTOR
TJ-II
(M. A. Pedrosa, C. Hidalgo et al., EPS-2013)

TEXTOR (Y. Xu, C. Hidalgo et al., PRL
submitted / EPS-2013)

BT= 1 T ne = 6 x 1019 m-3

BT= 1.9 T / 1.6 T / 2.25 T / 2.6 T and
Ip = 300 kA / 250 kA / 350 kA / 300 kA
n = 2.0 – 2.3 x 1019 m-3

LRC Summary
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Experimental findings show a systematic increasing in the amplitude of zonal
flows during the transition from H to D dominated plasmas in TEXTOR tokamak
but NOT in the TJ-II stellarator
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TEXTOR results (LRC H vs D)
shot to shot comparison
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Larmor radius and turbulent
structures

Turbulent radial / poloidal correlations and
mass scaling in the TJ-K stellarator
M. Ramish et al., Plasma Sources Sci.
Technol. 17 (2008) 024007

Turbulent poloidal correlations
versus H concentration
In TEXTOR
Y. Xu et al., (2012)

In fusion plasmas the typical size of turbulent structures (1 cm) is comparable
to Er shear radial scale length
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Conclusions
Experimental finding have shown a systematic increasing in the amplitude
of zonal flows during the transition from H to D dominated plasmas in
TEXTOR but not in TJ-II.
These findings provide the first direct experimental evidence of the
importance of multi-scale physics for unravelling the physics of the isotope
effect in fusion plasmas.
In the framework of this interpretation differences in the level of isotope
effect in tokamaks and stellarators can be understood as a consequence
of the stronger damping of zonal flows in non-optimized stellarator than in
tokamaks.
The influence of the isotope effect on zonal flows can be understood in
terms of the sensitivity of ExB symmetry breaking mechanisms to the
shape of k-spectra of fluctuations.
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Actions
• Influence of the isotope effect on LRC: role of
symmetry.
• Role of Larmor radius in the “breaking of symmetry”
by sheared ErxB flows.
• Isotope effect physics and H-mode power threshold
[F. Wagner / March 9 (2013)].
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