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The low safety factor in the reversed field pinch allows the 
possibility of a globally stochastic magnetic field throughout 
the plasma discharge, but recent evidence shows that the 
core of the MST plasma is rarely fully stochastic.
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The low safety factor in MST leads to a large number of 
resonant magnetic tearing modes.
•  Tearing mode resonant 

k•B=0
  ⇒ (m/r)Bp+(n/R)Bt=0
  ⇒ q(r)=m/n

•  Overlapping tearing 
mode islands lead to a 
stochastic magnetic field



400kA standard MST plasmas were compared to DEBS 
simulations.
•  Plasma Current: ~400kA
•  Te in standard plasma: ~320 eV

•  Electron Density: ~1x 1019 m-3 
•  Lundquist #: ~3.8x106

Iʼm thinking a 4 plot. Ip, btave, bt_wall, 
density? Overplot btave and bt_wall



Recent upgrades to the Thomson scattering system  
have allowed for Te flucutation analysis on MST.
•  Thomson scattering system 

specs:
–  21 spatial points
–  30 pulses at 2kHz 
–  5 bursts of 6 pulses at 

25kHz per discharge 



Electron temperature measurements can be ensemble 
averaged using sawteeth as markers.
•  The electron temperature evolution is well known at high time resolution
•  Using these Te profiles we can study the evolution of the electron thermal 

diffusion



DEBS* simulations were performed at experimental 
values of Lundquist number.
•  Single fluid, 3D, resistive MHD calculation in a periodic cylinder 
•  Used resistivity profile, Lundquist number, and current of the experiment
•  Large number of resonant modes make simulations at experimental 

parameters challenging
•  An ideal wall was assumed as well as a force free equilibrium
•  Required high Prandtl number to keep code stable on a reasonable size 

grid

*D.D. Schnack, et al., J. Comput. Phys. 70, 330 (1987)
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DEBS at S=3.8x106 produces large, well defined 
sawteeth.

•  Two resistivity profiles were used
–  Spitzer run will be in red
–  Neoclassical run will be in blue

•  Code produces sharp, quasi-periodic 
sawteeth
–  Quantities of interest were sawtooth 

ensembled like experimental data

Sawtooth Period for the
Spitzer:

9ms

Neoclassical:
6.5ms

Experiment:
6-8ms

Neoclassical

Spitzer



DEBS reproduces the equilibrium through the sawtooth 
well.
•  Sawtooth evolution of safety factor and toroidal field on axis reproduce 

experimental data.



DEBS reproduces the mode spectra well.

•  Mode amplitudes are generally about a factor of 2 larger in the simulation 
than in experiment

•  Normalizing to the measured fluctuation power shows that the mode 
spectra are well reproduced



DEBS reproduces the mode spectra well.



Electron thermal diffusion in the core is only stochastic 
at the sawtooth crash.
•  Rechester-Rosenbluth thermal diffusion:
•  Eigenmodes from DEBS are scaled to edge measurements

€ 

χe RR
= πVllLeff

˜ b r
2 /B2

χe Core

DEBS

MST



Thomson scattering and magnetic field puncture plots show 
island structures throughout much of the sawtooth cycle
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Summary and Conclusions

•  Simulations performed at parameters matching MST experimental 
parameters capture a great deal of the dynamics seen in the 
experiment

•  Simulations show magnetic structures in the core of the plasma for 
much of the sawtooth cycle

•  The upgraded multi-point Thomson scattering system is capable of 
measuring temperature fluctuations through a sawtooth

•  Fluctuation analysis shows that two distinctly different types of 
temperature structures exist in the core region of MST

•  The core of MST is only fully stochastic right at the sawtooth crash.

This work was supported by the U. S. Department of Energy and the National 
Science Foundation
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Magnetic structures should appear when stochasticity 
is low.
•  Expect to see a 1/6 structure before crash
•  Expect a 1/5 structure after the crash

Core Mode Amplitudes from Experimentχe Core



Two different types of temperature structures are observed 
between sawteeth.
•  A 1/6 island flattens the Te profile before the crash
•  A 1/5 island very near the magnetic axis appears as a hot island

Flattening Helical Structure



Fluctuations associated with tearing modes are not present at 
the sawtooth crash, consistent with a fully stochastic field.



Puncture plots show island structures in the core of the 
simulated plasma away from sawteeth.
•  Before the sawtooth a 1/6 structure is seen in the core
•  After the sawtooth a 1/5 structure is seen
•  At the sawtooth the magnetic field becomes stochastic throughout the 

volume

Before Sawtooth At Sawtooth After Sawtooth



Between sawteeth a temperature flattening is seen 
consistent with an isothermal island structure.

• Te flattening across m=1, n=6 island
• Resonant surface is clearly defined
• Fluctuation levels ~10-20 eV in a background of ~300 eV



After the sawtooth crash a helical peaked Te profile 
appears.
• m=1, n=5 mode appears after a sawtooth crash: q(0) ~ 0.2
• A strikingly different temperature characteristic
• Fluctuation does not flip sign - temperature peaking



Isothermal islands lead to temperature perturbations 
with a phase flip across the resonant surface.



Islands with a temperature peak have no phase flip.



Electron thermal diffusion through the sawtooth can be 
estimated using Rechester-Rosenbluth* model.
•  Magnetic field lines become braided in the presence of multiple tearing modes
•  Field lines ergodically fill a volume instead of staying on a surface
•  Thermal transport determined by field line random walk:
•  Valid when stochasticity parameter is > 1: s=0.5(wmn + wmʼnʼ)/(rmn - rmʼnʼ) 

–  Where 

€ 

χe RR
= πVllLeff

˜ b r
2 /B2

r/a r/a

€ 

wmn = 4 rmn
˜ b rmn /(nBθ | ′ q mn |)

*A. B. Rechest er a nd M. N. Rosenblut h , Phys. Rev. Let t. 40, 38 (1978).



This is supported by anecdotal evidence from soft x-ray 
tomography
•  4 removable photo-cameras at the same 

toroidal position (300 deg)
•  80 overlapping lines of sight
•  35 μm Silicon diode detectors
•  Flexible Beryllium foil mounts
•  Bandwidth 10-100 kHz



This is supported by anecdotal evidence from soft x-ray 
tomography



Addition of batch processing allows for easy analysis of time 
evolution of equilibrium
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Determining the electron thermal diffusion: Power balance with a 
twist



Determining the electron thermal diffusion: Power balance with a 
twist



Recent upgrades have substantially improved the 
Thomson scattering system on MST.
•  Final system specs of original 

design achieved in 2006: 
–  21 spatial points using 4 

channel General Atomics 
polychromators

–  2 time points
•  Power supply upgrade in 

2009:
–  allows 30 pulses at 2kHz 



Thomson scattering on MST has improved substantially over the 
last few years.
•  Final system specs of original 

design achieved in 2006: 
–  21 spatial points using 4 

channel GA polychromators
–  2 time points

•  4 additional channels added to 6 
polychromators in 2007

•  Pockel cell drive circuit upgraded 
in 2008 allows 2 laser pulses per 
flashlamp pulse

•  Power supply upgrade in 2009 
allows 30 pulses at 2kHz or 5 
bursts of 6 pulses at 25kHz per 
discharge 

•  Custom laser installation due to 
come online in a few months will 
allow 10kHz operation for 20ms 
or 40 pulses at 200kHz
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