Dependence of intrinsic rotation on collisionality in MAST*
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Abstract. Tokamak plasmas rotate intrinsically, even when there is no external injection of
momentum. Experimentally, the toroidal rotation due to intrinsic rotation can be of similar
magnitude as the rotation induced by a neutral beam injection source, which can stabilize
instabilities like resistive wall modes and affects turbulent transport through rotation shear.
A sixteen channel Doppler backscattering (DBS) system has been installed on MAST,
enabling the study of intrinsic rotation in Ohmic plasmas. DBS measurements were obtained
over a range of Ohmic plasma conditions, where spectroscopic measurements were not
available. This included observations of intrinsic rotation reversals coincident with relatively
small changes to line-averaged density, which is the first time this phenomenon has been seen
in a spherical tokamak. A database with good DBS data covering line-averaged densities 1.0
< ̅̅̅
< 4.0 and plasma currents 400 kA < Ip < 900 kA was obtained at Bt=0.5 T.
The data set includes both asymmetric lower single null and balanced up-down symmetric
plasmas, as well as both L-mode and H-mode plasmas. The intrinsic rotation reversal
densities were observed to scale linearly with Ip, similar to conventional tokamaks. We
compare the data to a 1D analytical model, which captures the collisionality dependence of
the radial transport of toroidal angular momentum due to finite drift orbit effects on turbulent
fluctuations. The model is able to accurately reproduce the change in sign of core toroidal
rotation, using experimental profiles from shots with rotation reversals as inputs and no free
parameters fit to experimental data. The result of comparing the model over the MAST
Ohmic intrinsic rotation database shows reasonably good agreement, with the model
correctly predicting the sign of core rotation in about 80% of cases where a clear comparison
was possible.
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