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1.Helical states in RFX1.Helical states in RFX--mod and eITBsmod and eITBs

(m=1,n=7) harmonic grows

secondary harmonics decrease 

SHAx =

dominant (1,7) secondary modes

Helical equilibrium with 1,7 
periodicity and a weak residual 
magnetic chaos.

192 saddle coils for 
active control

Temperature, density and SXR emissivity 
are helical flux function 

remapping

Te Te
Electron Internal Transport 

Barrier (eITB) region 

neoclassical effects

ambipolar Er

non axisymmetry:

|B||B|

q~1

(q < 0.13)

in helical RFP plasmas: weak 
|B| modulation in the edge. 

RFX-modHSX

Helical plasmas in RFX-mod allow exploring a new 
range of parameters in 3D systems 
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Abstract
� High current plasmas in RFX-mod are characterized by 
helical states with electron internal transport barriers (eITB). 

� DKES and PENTA codes applied to study neoclassical 
transport in reversed field pinch helical states 
with/without impurities.  

� Effect on transport of experimental temperature 
gradients, density profiles and residual chaos. 

Summary
� Main results from DKES/PENTA simulation at the eITB without impurities inclusion: 

� typical ne and Te profiles in helical RFX-mod plasmas  take to an ion root with 
predicted Er~-2kV/m; electron root only at lower ne and greater Te gradient; 

� lower Ti gradients � decrease |Er| which becomes close to zero;

� momentum correction must be included for a correct evaluation of the 
parallel ion flow u\\,i ≈ 4km/s;

� If impurities are included in PENTA: 
� no significative change in the ion flow and Er prediction at the eITB;

� inward impurity fluxes; 

� Role of residual chaos studied by ORBIT : strong effect on electrons motion

3. Neoclassical flow calculations3. Neoclassical flow calculations
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The inclusion in PENTA of momentum conservation
for RFX-mod, like in other 3D systems with partial 
simmetry, is a key ingredient to evaluate correctly 
the ion parallel flow. If neglected, ion u|| would be 
overestimated by a factor 5. 

4. Impurity effects on transport estimates4. Impurity effects on transport estimates
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� Impurities density profiles
reconstruced by 1D radiative code 

from measurements

� Local neutrality condition imposed:
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� Er @ eITB~ -2.3kV/m

� Er decreases at the 
edge where impurities 

increase 

� no significative 
difference when 
including impurities 
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Residual 
chaos 
effectIon root is often characterized by inward 

impurity fluxes driven by bulk ion gradients which 
may lead to impurities accumulation.
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7. Effect of residual chaos at the eITB7. Effect of residual chaos at the eITB
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Helical magnetic surfaces 
partially broken by the 
residual chaos; this affects 
particles/heat parallel and 
perpendicular diffusion.  

USE OF THE ORBIT CODE

ITB

Ions and electrons are deposited at 
four helical surfaces around the ITB 
region. They diffuse with and without 
secondary modes; collisions are 
included but no radial electric field. 

Electron diffusion is strongly 
dependent on secondary modes 
even if they have small amplitude 
(De increases by a factor 102). Ions 
not affected by residual chaos at ITB. 

Runs with Er and residual 
chaos included in progress

2. Computation of ambipolar E2. Computation of ambipolar Err by DKES/PENTAby DKES/PENTA

HELICAL EQUILIBRIA 
BY VMEC

a linearized drift kinetic equation 
is solved by DKES to obtain 
monoenergetic coefficients at 
each magnetic surface;

DKES/PENTA

correction for momentum 
conservation (PENTA) and 
estimates of  neoclassical fluxes, 
flows, radial electric field;
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Inputs

� Te profiles

� Ti radial profile guess 
(no measurements)

�Impurity density 
profiles 
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