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High current Reversed Field Pinch Low current Tokamak 

# 29296 
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# 33812 

Ohmic circular, but 
first double-null 
equilibria recently 
produced 

Quasi-single 
helicity states 

RFX-mod  is a flexible  device  
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RFX-mod RFP: 
 
high current RFP physics 

 
Χnot only for RFP confinement but 
also for general fusion topics 

 

Åhelical magnetic equilibria 

ÅMHD physics and control 

Å transport barriers 

Åedge and turbulence 

Åhigh density limit 
 

A cross -configuration  view  of open issues 
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RFX-mod RFP: 
 
high current RFP physics 

 
Χnot only for RFP confinement but 
also for general fusion topics 

 

Åhelical magnetic equilibria 

ÅMHD physics and control 

Å transport barriers 

Åedge and turbulence 

Åhigh density limit 
 

RFX-mod Tokamak: 
 
unexplored parameter regions 
 

Å robust q(a) < 2 operation 

Åadvanced MHD instability 
control alghoritms 

Ådisruption control 

Åeffect of MP on turbulence  

Åsawtooth and runaway 
electrons control via MP 

 

A cross -configuration  view  of open issues 
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a=0.459 m , R=2 m 
Ip Җ 2 MA RFP, 0.2 MA Tokamak  
Bt=0.7 T 
TeΣ ¢ƛ Җ1.5keV 
ƴŜ Җ1020 m-3 

ohmic, no divertor  

Advanced MHD stability control system 
Ą 192 saddle coils independently driven 
 
Exploited both in RFP and Tokamak 
configuration  

The RFX-mod  device  
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ÁSelf-organized helical states in RFP and the isotope effect 
 

ÁEdge properties in RFP and Tokamak 
 

ÁLow-q operational scenarios in Tokamak 
 

ÁMagnetic Perturbatiion to control sawteeth and fast electrons 
 

ÁSummary and perspectives 
 

Outline  
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X 10 

 Escande, et al., PRL 85, 3169 (2000) 

Lorenzini et al., Nature Phys. 5, 570 (2009) 

Low CURRENT High CURRENT 

In RFP, helical  states are the result  of a 

self-organization  process  

Bifurcation of RFP equilibria predicted by 3D MHD 
modeling before the experimental observation 

 Cappello et al., NF 51 103012 (2011) 
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QSH dynamical  behavior  in 3D nonlinear  MHD 

modeling   

Guo, paper TH/P5-10 (also on kinetic effects on MHD) 

SPECYL-PIXIE3D benchmarked 
codes PoP 2010 

 
Simulations (SpeCyl), 

 Lundquist number S=tR/tA = 107 

Helical boundary conditions a key feature to favor steady helical states 

Transition to QSH ruled also by resistivity and/or 
viscosity (Hartman dimensionless number) 
 
Gyroviscous effects recently discussed   
King, Sovinec, Mirnov PoP 19 055905 (2012) 

increasing br(a) 

Experiment (RFX-mod) 

D. Bonfiglio et al, PRL 111 085002 (2013) 
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The isotope effect  

Deuterium as filling gas improves plasma performance 
 

Impact of majority ion mass on MHD 
 
o lower secondary modes  
o higher Te 
 

D 
H 

Deuterium plasmas more resilient to 
reconnection events 
 
o QSH crashes less frequent 
 
 

Average QSH duration 
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Higher temperature pedestal : 
isotope effect on edge transport  

tE Ғ  ai
0.3 

Confinement  improvement  in D 

Lorenzini, paper EX/P1-41 
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ü strong Te gradients   

 

Transport barriers    

QSH states with the island axis collapsed on the magnetic axis 
 

Temperature profile 
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ü strong Te gradients   

ü reduced thermal and particle transport:  

 ce < 5m2/s, D < 1m2/s 

 

Transport barriers    

QSH states with the island axis collapsed on the magnetic axis 
 

Temperature profile 
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ü strong Te gradients   

ü reduced thermal and particle transport:  

 ce < 5m2/s, D < 1m2/s 

ü impurities not penetrating the barrier  

 

Transport barriers    

QSH states with the island axis collapsed on the magnetic axis 
 

Temperature profile 
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ü strong Te gradients   

ü reduced thermal and particle transport:  

 ce < 5m2/s, D < 1m2/s 

ü impurities not penetrating the barrier  

ü residual stochasticity and microtearing and 

g-driven modes main contributors to 

transport  at the barrier             

 

Transport barriers    

QSH states with the island axis collapsed on the magnetic axis 
 

M. Gobbin et al., PPCF 55 105010 (2013),  Auriemma et al., submitted to  NF  

I.Predebon, F.Sattin PoP 20, 040701 (2013) , M. Zuin et al., PRL 110, 055002 (2013) 

Temperature profile 
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ÁSelf-organized helical states in RFP and the isotope effect 
 

ÁEdge properties in RFP and Tokamak 
 

ÁLow-q operational scenarios in Tokamak 
 

ÁMagnetic Perturbatiion to control sawteeth and fast electrons 
 

ÁSummary and perspectives 
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Total diffusivity 

Diffusivity 
related to blobs  

Bohm  

Pressure 
(THB) 

Particle influx (assuming Gin=Gout) + 
thermal helium beam & GPI diagnostics  

Blobs drive edge  transport  

Åhelical ripple όҒ 1%) sufficient 
to modulate pressure 

Ådiffusivity not clearly affected 
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Magnetic Perturbation applied in RFP and tokamak configuration 
  

J||  and flow  modulated according to external perturbation 

Electromagnetic  filaments   

in presence  of MP  

RFP:  Tokamak:  

Spolaore, paper EX/P1-40 

RMP (2,1) ext pert. (1,-7) 

Ånumber of blobs and particle & thermal fluxes also modulated by MP 
Å tight relation between blobs and transport 
ÅMP as a means to control filaments and related transport 

u=mq-nf 


