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Drift waves and turbulent transport:                                   
A journey with Toshi 

The question of whether drift waves (‘universal mode’) in an 
inhomogeneous plasma with magnetic shear were stable or 
unstable was controversial in the 60’s and 70’s. 

Early analysis by Coppi et al, 1965 and by Rutherford & 
Frieman, 1967 demonstrated magnetic shear could stabilize 
microinstabilities such as the drift wave. 
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Theoretical analysis by Berk & Pearlstein, 1969 predicts 
instability 

 

 

Numerical analysis by Ross & Mahajan, and Tsang et al show 
stability 



A Scientific Journey from Wakefields to Astrophysics and Fusion: 
A Symposium in Honor of Toshiki Tajima, Jan. 25-26, 2018, UC Irvine 

Hirshman & Molvig, ‘79 demonstrate instability, 3D stochastic e- 

 

 

 

 

Diamond & Rosenbluth, ‘81 demonstrate stability with renormalized 
kinetic theory and ion nonlinear effects 

Fully kinetic plasma simulation (particle-in-cell), 3D, were needed to   
resolve whether universal mode is stable or unstable. 

 



3D simulations demonstrated instability via Hirshman-
Molvig mechanism, however, saturation at low level 
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Start point 
Start point 

Particle trajectories in (VII – x) phase space 
demonstrate stochastic cross-field diffusion 



Now, new experiments in large linear magnetized 
plasma device (LAPD) at UCLA are being performed to 
study chaotic heat flow and plasma transport across 
magnetic fields. 

 

These ideas are inspired by the work done with Toshi 
and colleagues on stability of drift waves in the presence 
of stochastic electron dynamics. 
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Experiment Setup: 

LArge Plasma Device (LAPD)   

BaO – Cathode source 
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Electron beam Heated filament Background plasma Probe 

A long, narrow temperature filament in an afterglow plasma 

LAPD - UCLA 10 meters 

Experiment Setup: Te Filament   



3 CeBix (Cerium Hexaboride) 

Crystals mounted on probe 

drives with independent circuitry. 

Heat Souces Te Filament 

ThreeFilaments_setupsketch_tiltable_smalltilt.mp4


3 CeBix Crystals mounted on 

probe drives with independent 

circuitry. 

Multiple filament arrangement 

seen from the end of the LAPD.  







Summary 

 Three filaments with far separation results in slight global rotation 
(from radial electric field) of the filaments before becoming 
stationary. At turn-on each filament has its own clear independent 
mode. Convection tails indicate spatial interaction between the 
filaments.  

 Three filaments with close separation show clear interaction from 
overlapping eigenmodes and have global rotation at turn-on, 
accompanied by rapid cross-field transport.  

 Drift modes appear to be driven by the outer temperature gradient of the 
filament group. 

 



Thank you! 

Congratulations Toshi on your 70th 

May you continue the Journey…. 


