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Motivation

(1)  How does  magnetic fluctuation cause
electron (and ion) particle transport?

(2) What is ion particle diffusivity in MHD
approximation?

Understanding of density relaxation due to
magnetic fluctuations



 Electron Density Relaxation Due to Stochastic Field
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Stochastic Magnetic Fields
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Particle Flux due to Stochastic Magnetic Fields
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Particle transport arises from particle
streaming along stochastic field lines
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Fluctuation-induced particle flux
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Outline
Experimental Measurement:

(1) Stochastic Field Induced Particle Transport and Electron Density
Relaxation on MST;

(2) Discussion on origin of ion velocity ! 
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For both electron and ion



      MST Reversed-Field Pinch (RFP) is toroidal configuration  with
  relatively weak toroidal magnetic field BT ( i.e., BT ~ Bp)
     

Madison Symmetric  Torus
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<1                   R0 = 1.5 m, a = 0.51 m, Ip < 600 kA
                  BT ~ 3-4 kG, ne ~ 1019 m-3, Te0 < 1.3 keV
                     τE ~ 10 ms, β =<p>/B2(a)=15%



 Effects of Fluctuations on Transport in the RFP

Generation / manipulation
of magnetic flux (dynamo)

Particle and energy
transport

Ion heating

Momentum transport

Magnetic reconnection events



FIR Polarimeter-Interferometer System

MST
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 Measurement of magnetic fluctuation induced
transport  flux
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Density Gradient Measurement  by Differential Interferometer
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Localization of Density Fluctuations
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      Measurement of transport  by Faraday rotation and interferometer
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Electron Particle Flux and Ion Flux at r/a<0.2
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(1) Electron convective flux is significant

(2) Ion convective flux is negligible and pinch flux is significant
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Density Change is  Balanced by  Particle Transport
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Origin of Parallel Ion Fluctuations

Den Hartog et al ,
PoP 1999
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parallel velocity fluctuations



Estimation of parallel velocity fluctuations
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Other source of parallel ion velocity fluctuations?
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Parallel Ion velocity fluctuations driven by fluctuating torque
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        Ion particle flux in steady state



! 

"
#˜ u 

//

#t
= 0

In steady state or  away sawtooth crash

! 

"#$
2
˜ u 

//
= %

$p

&B
˜ b r

! 

"# ~
$
i

2

%
ii

&2
~ k

r

2
,    

! 

˜ u 
//

= "
# ii

($ikr )
2

%p

$B
˜ b r

           Particle Diffusivity due to Stochastic Field
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           Comparison between Heat and Particle Diffusivity
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Summary
(1) Convective electron particle flux can account for

electron density relaxation;

(2) Fluctuating torque can drive parallel ion velocity
fluctuations and particle flux

(3) The ratio of heat transport to particle transport can
depend on magnetic fluctuations characteristics, not
only mass ratio. ! 
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