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A theory based on a turbulent particle pinch is proposed to explain the rapid formation of sharp density gradi-
ents in tokamak edge plasmas, in particular the pedestal region. The inward radial particle flux in the pedestal
results from the interaction between small scale electron temperature gradient driven (ETG) turbulence and
self-consistently formed “electron geodesic acoustic modes” (el-GAMs). To address this phenomenon, the
el-GAM modulational instability driven by the ETG turbulence background is studied. The ETG level of fluc-
tuations and particle pinch are estimated through the back reaction of eGAMs on ETG turbulence. It is found
that the particle pinch is quite sensitive to magnetic shear, safety factor, ratio of electron to ion temperatures
and atomic mass number. In the absence of particle source in the pedestal, the density gradient length scale,
of the order of the pedestal width, is estimated. It is shown that it is proportional to the major radius, up to
some dependence on the poloidal beta. Moreover it does not depend on the normalized gyro-radius. This scal-
ing agrees with DIII-D and JET similarity experiments [Beurskens et al., Nucl Fusion 51, 124051 (2009)]. This
dependence is favorable when extrapolated to the pedestal width in ITER in spite of its low normalized gyro
radius. It is also shown that the density scale length becomes sharper by increasing the magnetic shear. A new
H-mode pedestal pressure scaling is derived assuming that the pressure gradient is limited by the ballooning
instability.
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