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Introduction 

• Core transport in RFP governed by global tearing 

modes originating at multiple resonant surfaces  

• Driven by gradient in current profile 

• Strive to reduce these fluctuations and improve 

confinement 



PPCD leads to reduced stochasticity, tokamak-like confinement 

• Pulsed Parallel Current Drive (PPCD) 

inductively drives edge current, modifying 

current profile  to reduce free energy for 

tearing instabilities 

– Decreases magnetic stochasticity 

– Increases confinement 

– Increases 𝛻𝑛 and 𝛻𝑇𝑒 

– Microinstabilities become important? 

Chapman PPCF 52, 124028 (2010) 



Gyrokinetic simulations predict unstable electrostatic modes in 

improved confinement MST plasmas 

• Small (gyroscale) instabilities may play a large role in the turbulence 

and transport characteristics of the RFP during PPCD 

• Simulations have been done to characterize the nature of the 

microinstabilities present in various PPCD discharge 

• Relative level of 𝛻𝑛𝑒 and 𝛻𝑇𝑒 important to mode characterization 

– TEM: 𝛻𝑛𝑒 driven, electron diamagnetic direction, 𝑘⊥𝜌𝑠~.1 − 1. 

– ITG: 𝛻𝑇𝑖 driven, ion diamagnetic direction, 𝑘⊥𝜌𝑠~.1 − 1. 

Dan Carmody 2015: 500 kA GENE results 



The Madison Symmetric Torus (MST) 

• R0 = 150 cm 

• a = 52 cm 

• Ip = 200/400 kA 

• Te = 0.8-1.2 keV 

• ne = 1*1019 m-3 

 



Three beam FIR laser system provides multiple 

interferometry diagnostics 

• Interferometry 

Φint ~ ∫ne dz  => n0, ñ 

 

• 2 point toroidal phase 

correlation 

 

 

Phase noise ~0.01° 

Frequency response ~1 MHz 

 

Also polarimetry, differential 

interferometry available 



PPCD results in steeper gradients and improved 

confinement 



Density fluctuations are reduced in PPCD plasmas 

• Density fluctuation power decreases by up to several orders of magnitude 

• Spectral feature appears at higher frequency than global tearing modes 

 



• Lower current PPCD is 

more reliable, higher 

β, higher power 

spectral feature  

• Observe decrease in 

𝑛  at most frequencies 

• Mode feature in 200kA 

PPCD is stronger than 

tearing modes, lower 

frequency (30-70 kHz) 

than in 400kA PPCD 

 

 

Spectral feature also shows up in 200kA PPCD plasmas 

𝑅 − 𝑅0 = 43 𝑐𝑚 



2 point correlation of toroidally separated chords allows for 

toroidal mode number measurement 

• Correlation of chords at R-R0 = 43, 36 cm 

• Spectral feature is highly coherent during PPCD 

• Spectral feature has toroidal mode number between 20 and 30 

– 𝑘⊥𝜌𝑠~.096 − .14, electron diamagnetic direction 



Mode amplitude corresponds temporally and spatially to 

peak density gradients 

200kA PPCD spectral feature amplitude 

• At R-R0=43 cm, mode 

amplitude peaks in profile 

 

R-R0 (cm) 



Spectral feature amplitude scales with 𝛻𝒏𝒆 

• Gradient taken between r/a=0.7 and r/a=0.84 

• Compares favorably to theoretically predicted critical density gradient for TEM 

• Zach Williams will expand on theoretical results for these plasmas (later this 

session) 

 

 

Experimental data Carmody 2015: 500kA GENE results 

𝑅/𝐿𝑛= 𝑅∇𝑛/𝑛  



No dependence of spectral feature amplitude on 𝛻𝑇𝑒  

• Spectral feature 

amplitude has weak 

correlation with core 

electron temperature 

 

• Thomson data in 

edge of plasma is 

polluted by stray light 

– Expect 

improvement in 

the data in the 

future 

 

𝑅/𝐿𝑇𝑒= 𝑅∇𝑇𝑒/𝑇𝑒  



Conclusions 

• Suppression of global tearing modes reveals density 

fluctuation features absent in standard plasmas 

• Spectral feature is localized in region of largest 𝛻𝑛𝑒  

– Correlates to 𝛻𝑛𝑒 

– Critical 𝛻𝑛𝑒 

– No apparent correlation to 𝛻𝑇𝑒 

– 𝑘⊥𝜌𝑠~.096 − .14 

– Electron diamagnetic direction 

• Spectral feature is fairly consistent with predicted 

density gradient driven TEM mode 


