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The radial electric field E, near the last closed flux surface in tokamak plasmas can
differ markedly between the L-mode and H-mode stales. It has been proposed that.
a. the radial electric field is responsible for the suppression of fluctuations and the
improvement of confinement in the H-mode.
b. the radial electric field near the plasma edge plays a central role in the bifurcation
between L and H-states, because the non- ambipolar radial particle fluxes depend nan
linearly on Er.
This second assertion is tested for specific ASDEX Upgrade- L-niode and H mode plas-
mas, by evajuating several sources of non-ambipolar radial particle flux as a function
of Br which, because its value is poorly known, is treated here as a free parameter. We
have considered the following fluxes:
1. The ion orbit loss flux, mainly caused by pitch-angle scattering of ions into loss or
bits onto the divertor plates. The vertical drift is essential in explaining the preferential
loss of ions over electrons.
2. The neoclassical radial current in the collisional and plateau regimes, which can be
non-ambipolar in the presence of an electric field.
3. Charge exchange friction between the ions and deuterium atoms.
The ion orbit loss flux was calculated using an analytic model for the ion distribution
in combination with numerical guiding centre orbit calculations of the loss boundaries
in ASDEX-Upgrade geometry in the presence of an electric field. The calculation of the
flux (3) made use of ion temperature and neutral density profiles that are derived from
neutral particle flux energy-spectra using the EIRENE Monte-Carlo neutral particle
code. Electron temperature and density profiles with high spatial resolution necessary
for the calculations are obtained from respectively ECE and Li-beam measurements on
ASDEX Upgrade.
Process (1) drives the formation of a radial potential difference, while processes (2i
and/or (3) provide the balancing return current. All fluxes depend on Er and .m each
flux surface, stable steady state solutions exist only for particular values of £.*,.

In most cases only one solution is found, usually at a low value of Er. Wry close to
the separatrix this is the case because a large charge exchange fiux limits Er, while
far inward the ion orbit )o<s flux simply is too low to generate a substantial field. By
contrast, in an intermediate region 2 4 cm inside the separatrix in H-mode plasmas (but
not in L-mode), two solutions are found. This bifurcated solution may be responsible
for the hysteresis in the heating power at transitions between L-mode. and H-mode.
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