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Introduction
The dependence of plasma properties on the isotope selected – hydrogen or
deuterium – is a well established effect with, however, little understanding. In tokamaks
there is generally an isotopic effect on confinement which is strongest under ohmic
conditions [1]. With auxiliary heating, a strong isotopic effect is observed in the power
threshold into the H-mode: Pthr~Ai-1 [2]. No isotopic effect has been reported from
stellarators [3]. Not much is known about the isotopic effect in spherical tokamaks. Here we
report on the isotopic effect on ohmic discharges of the spherical tokamak Globus-M
(plasma major radius R ≈ 0.33-0.36 m, plasma aspect ratio R/a ≈ 1.5-1.6, toroidal magnetic
field is 0.4 T). Because of the high ohmic power in STs, the plasma frequently transited into
the H-mode. Therefore, we discriminate between L- and H-mode ohmic confinement. The
isotope study has been carried out under carefully controlled wall conditions. Graphite of
RGTi-91 grade is used as the basic material for the first wall protection in Globus-M. This
material has low porosity and sputtering coefficients. More than 600 tiles cover up to 90% of
the plasma facing surface. All graphite tiles were cleaned mechanically and then washed in
an ultrasonic bath and baked at 4000C in vacuum. This treatment yielded strongly improved
plasma parameters allowing experiments at higher plasma volume and higher current.
Experiment
The experiments have been started in hydrogen plasmas. Hydrogen was puffed in
from the low magnetic field side. Two valves were used for deuterium puffing from the high
and low magnetic field side, which did, however, not make a difference. The plasma isotope
composition as well as the ion temperature was measured by the neutral particle analyzer
ACORD-12 [4]. After the experiments in hydrogen the vacuum vessel was baked at a
temperature of 2000C. The plasma facing surface was cleaned with glow discharge in
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helium. The measured percentage of hydrogen in deuterium plasmas nH/(nH + nD) did not
exceed 10%. Each experimental session was also preceded by glow discharge cleaning
during 5-8 hours. The density scan in hydrogen and deuterium plasmas was performed
generally in lower single-null configuration at a plasma current 0.175-0.2 MA and a safety
factor q95 ~ 4.5-5.5. The plasma average density was measured by 0.8 mm interferometer
along a vertical chord at R=0.42 m close to the plasma magnetic axis. The plasma stored
energy was determined by EFIT magnetic equilibrium reconstruction [5] and from kinetic
measurements processed by the ASTRA code [6].
Results and discussion
Fig. 1 compares the energy confinement time τE as a function of the line-averaged
plasma density for hydrogen and deuterium plasmas. The estimated gas puffing rate was
approximately 30% larger for the case of deuterium puffing. This does not indicate an
improvement in particle confinement as usually observed.
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Fig.1 Energy confinement time as a function of density in hydrogen (a) and deuterium (b) plasma.

In both cases τE is observed to vary linearly with ne with some tendency of saturation toward
higher densities. L- and H-mode plasmas are discriminated in Fig. 1. The maximum densities
are by a factor of 1,5÷2 below the Greenwald limit. Absolute τE values are approximately the
same for hydrogen and deuterium plasmas. The L-H transition did not affect significantly the
energy confinement time. In hydrogen plasmas the H-mode transition was observed in a
rather narrow density range. Unexpectedly for hydrogen, a spontaneous density rise resulted
in H-mode termination. In deuterium plasmas the H-mode existed in a larger density range.
In most shots L-H transitions were accompanied by ELMs synchronized with sawtooth
oscillations.
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Measured τE values in Fig.1 are consistent with Alcator scaling for ohmically heated
plasmas: τE = 0.07×neaR2q (where τE – s; ne – 1020m-3; a,R – m) with q = q95. The nearly
linear density dependence of the energy confinement time in a wide density range
(ne ~ (2÷7)×1019 m-3) is in accordance with kinetic measurements.
Fig.2 demonstrates the core electron temperature measured by TS diagnostic. In Fig.2
and in subsequent figures the experimental points are combined for L and H-modes. In the
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Fig.2. Central electron temperature as a function
of density.
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fitting parameter. Typical Te profiles at a lineaveraged density ne ≈ 7×1019 m-3 are shown in
Fig.3.
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Fig.3. Electron temperature profiles in hydrogen
and deuterium plasma

hydrogen and deuterium plasma. The electron thermal diffusivity χe~6 m2/s calculated near
the radius r ~ a/2 is – as expected – clearly above the neoclassical value χe

neo

~ 0.1 m2/s as

determined by the NCLAS code [7]. Modeling also confirms the measured ion temperature
on the basis of neoclassical ion heat transport coefficients. This aspect - the ions remain
neoclassical - may be the reason that no saturation in τE is observed. Ion collisionality
νi*  0.4 for ne(0) ~ 7.8 m-3 and Ti  215 eV. The calculated kinetic values of the plasma
stored energy are in accordance with the results of magnetic equilibrium reconstruction as
plotted in Fig.1.
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The ohmic heating power versus density
is shown in Fig.4. There is little or no systematic
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Fig.4. Ohmic heating power as a function of
density.
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fraction Ibs/Ip ~ 10÷15%. Also a decrease of Zeff
with density can cause a rather constant Ohmic
power.
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Fig.5 Radiation power as a function of density.

slight difference in the lower density limit between H and D is caused by a difference in Pthr
and indicates the usually observed isotopic effect has to be seen.
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