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Intrinsic Toroidal rotation
� Sheared perpendicular rotation 

can suppress turbulence 
(parallel velocity gradient adds a 
drive to the ITG)

� Momentum transport is not 
only diffusive: Experiments on 
many devices without 
momentum input have shown 
the existence of an ‘intrinsic 
rotation’

� The intrinsic rotation if of 
particular interest for a reactor 
plasma in which the external 
torque is small 

� This has motivated a rapid 
development in the theory.



Construct a transformation that changes the sign of the momentum flux but leaves the 
equation invariant [A.G. Peeters PoP 2005, F.I. Para PoP 2010]. If successful the momentum
flux is ZERO

Going through the various terms one finds 
�Further required transformations: For instance s � -s (coordinate along the field) 
�Constraints: For instance no background rotation gradient (it breaks the symmetry)

Symmetry
Gyro-kinetic delta-f equation:

Flip the sign of the parallel velocity



Symmetry

Linear mode structure of potential and 
parallel velocity fluctuations along the 
magnetic field. The momentum flux is 
proportional to the product of the two. The 
flux is asymmetric in the low field side (s=0) 
and vanishes upon flux surface average  
[From A.G. Peeters PoP 2009]
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Coriolis pinch
� An equilibrium flow breaks the symmetry and generates a momentum flux 

[Peeters PRL 07, Hahm PoP 07]
� Elegant derivation possible in the co-moving frame, where the rotation 

enters the equations only through the Coriolis and centrifugal force 
� It is the Coriolis Force that is of interest. In a magnetized plasma this force 

leads to a drift 

� The drift enters the gyro-kinetic equation

� Unlike the curvature and grad-B drift, the Coriolis drift is linear in the 
parallel velocity. It therefore couples density and temperature fluctuations 
to parallel velocity fluctuations. The latter are then transported by the ExB 
velocity

Convection     Acceleration due to motion in the fluctuation potential 



Coriolis pinch



Coriolis pinch parameter dependence
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ExB shearing 



ExB shearing 

� The ExB shear connected with the toroidal velocity shear adds a correction 
to the diagonal part 

� For sufficient positive shear the ExB shear always lowers the Prandtl 
number independent of the sign of the magnetic field and plasma current 



Up-down asymmetry

� An up down asymmetric equilibrium breaks the symmetry and leads to a 
momentum flux . 

� 80% of the effect is due to the asymmetry in the curvature operator and 
perpendicular wave vector. 

� Flips sign when the magnetic field and plasma current flip sign, and when the 
equilibrium is flipped up-side down. Sign can depend on the wave vector as 
well. 

� Localized at the edge of the plasma � can provide a seed for the rotation. 





Experiment: Residual stress is located at the edge 
� Experiment on DIII-D show that the 

residual stress is mostly located at 
the edge of the plasma in 
agreement with the theoretical 
prediction. 

� For these discharges the up-down 
asymmetry effect was found to be 
small. 

� Edge rotation roughly scales with 
the pressure gradient. This is 
consistent with ExB shearing, but 
also with neo-classical equilibrium 
effects or profile shearing. DIII-D experiment shows that intrinsic torque is 

mostly located at the edge of the Plasma [W.M. 
Solomon Phys. Plasmas 17, 056108 2010]



Diagonal part / Coriolis pinch



Experiment: Verification of up-down asymmetry effect
� Intrinsic rotation experi-

ments on TCV for two 
shaped geometries show a 
clear change in toroidal 
velocity gradient when the 
geometry is flipped up-side 
down. 

� A change in sign of the effect 
is observed when the 
magnetic field or plasma 
current change sign. 

� Clear confirmation of the up-
down asymmetry effect. 

� In quantitative agreement 
with linear simulations (but 
nonlinear verification is still 
outstanding)

TCV experiment using two different geometries. 
The toroidal rotation profile of the carbon 
impurity (full line) and main ions (dashed line). 
[Camenen PRL accepted 2010]

Carbon

Deuterium



Conclusions 

Parallel velocity shear / 
Diagonal component: 
Strongly related to the 
ion heat diffusion 

Coriolis Pinch:  leads to 
a moderate peaking of 
the rotation profile 
similar to the density

ExB shear: In lowest order 
it reduces the diagonal 
contribution and 
enhances the peaking


