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Introduction to Bayesian Probability Theory

 The probability that a given parameter, X, is true given all the
data, d, and any relevant background information, I, can be found 
by calculating three other easier to obtain quantities.

Finding fluctuations using Bayesian Probability 
Theory
 Single Shot Data:

Calculate the probability that mean Te level and the fluctuation 
level are certain values given all available information.

   

Marginalize the probability with respect to Te0 .

Combine data for all shots.

Model Function Tested

An example of two separate model realizations that have  a 
 finite probability of being true.
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Overlapping magnetic fluctuations 
 result in a stochastic field.

m=1, n=6 magnetic structure  is 
 partially intact.

Background

Electron temperature measured for
 21 spatial points
  2 cm resolution
  1 cm precision
  6 spatial points effective to 20 keV
  15 spatial points effective to 2 keV

Field Line Puncture Plot for Standard MST Plasma

Plot credit: Ben Hudson

Schematic of Heat Transport Across Magnetic Island

Richard Fitzpatrick, Phys. Plasmas, Vol 2,  No 3 (1995)

Heat is radially transported outward
 across a magnetic island.

With magnetic structures present 
 temperature fluctuations are expected.

Electron temperature is constant inside island.
Te is lower than circle average at O-point for inner circle.
Te is higher than circle average at O-point for outer circle.
Te is constant for middle circle (rational surface).

Results and Conclusions
400 kA Standard plasmas: m=1,n=6

200 kA PPCD 

Field Line Puncture Plot for MST PPCD Plasma

Magnetic field fluctuations are 
 small.

Nested flux surfaces are 
 restored.

Case 1: Island structure with constant temperature

Case 2: Island with nested flux surfaces, temperature peaking

Temperature peaks inside island structure.
Fluctuations are highest for flux surface 
 sampling hot spot.
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θ = 0
TS -  looking at O-point

θ =π
TS -  looking at X-point

Several magnetic tearing modes are 
 resonant in MST.

Standard MST Plasmas PPCD MST Plasmas

∆t ∆t > 1µs, variable 

∆t > 1µs, variable ∆t

∆ta

∆tb
∆tb  = 100 µs, �xed
∆ta = 100 µs, �xed

∆t
∆tb

∆ta

1 ms
∆t > 1µs, variable 

∆tb  = 80 µs, �xed
∆ta = 80 µs, �xed

a)

b)

c)

a) Original Spectron operation 
 Maximum:  2 pulses per plasma
b) Multiple q-switch Spectron operation
  Maximum 4 pulses per plasma
c) Fast Spectron operation 
 6 pulses is repeated 5 times 
 Maximum: 30 pulses per plasma
 
The minimum time separation between 
 the two lasers is variable.  

Lasers can be interleaved or sequential.  

The time between pulses from a given 
 laser is fixed.

Lasers have recently been upgrade to fire 
 many times per plasma discharge.
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Tearing Mode Effects on Electron Temperature in the MST H. D. Stephens, D. J. Den Hartog, 
C.C. Hegna, J. A. Reusch
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Electron temperature fluctuations associated with the, 
 m=1, n=6 tearing mode fla�en the Te profile. 
These fluctuations are consistent with a reconnected remnant 
 tearing mode.
Island begins to dissolve ~1 ms before the crash and reappears 
 quickly afterward.
Te fluctuations can be used to pinpoint and track the rational 
 surface through a sawtooth crash.

 

 

400 kA Standard plasmas: m=1,n=5

O-point

Probability rapidly converges with additional
 information.

Sawteeth

“Dyanamo Event”
 Magnetic fluctuations fla�en 
  current profile

 Toroidal flux increase

 Magnetic energy decreases

 Loss of confinement

 Safety factor on axis jumps up

Electron temperature fluctuations associated with m=1, n=5
 mode are strikingly different from the typical tearing mode 
 picture.

Fluctuations are consistent with nested flux surfaces.

Estimated displacement of magnetic axis is consistent with an
 ideal kink mode.

n=5
n=6

400 kA PPCD 

Tearing modes have li�le effect on the electron temperature in 
 PPCD plasmas.

Fluctuations do not represent a Te fla�ening. 

Fluctuations are about only about 2% or less of the background
 temperature.


