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Helical core

Do core
measurements of the
plasma provide direct
evidence for helical
equilibrium?

Do plasmas with
helical equilibria have
improved
confinement?




Measurements made at Madison
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Laser based polarimeter - interferometer diagnostic
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Equilibrium transitions to helical state
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Core flux spontaneously reorganizes
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Helical core alters density profile
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Direct measure of internal
helical magnetic structure



Mode location alters profile of Faraday
rotation

Faraday profile vs island location

Faraday profile is measured
for three conditions
1) Large mode inboard
2) Large mode outboard
3) no mode (control
case)

1) Measurement of axis shift
inboard highlights

outboard « sensitivity of diagnostic
no mode « ability to resolve helical

effect in plasma core




Mode location alters profile of Faraday
rotation

Faraday profile vs island location
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zero - crossing moves -> magnetic axis shifting
steeper slope without helical core -> higher current density in core



Helical reconstruction probed with synthetic
diagnostics

mapping of
magnetic flux
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Faraday rotation confirms helical
reconstruction profile

synthetic
diagnostic

Faraday comparison
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Faraday rotation is not a constraint in reconstruction




Magnetic axis shifts and current
accumulates at helix location, inboard or

outboard
mode outboard mode inboard
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Improved
confinement
characteristics with
a helical core



Gauss

Central temperature increases with

helical equilibrium
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Tp improves ~50% with core helical structure
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Conclusion

* ldentify helical state

- Faraday rotation and density measurements provide
direct measurements of helical core

* Spontaneous helical self - organization observed in
current and magnetic flux in core

* Improved plasma performance in
helical state

* Hotter electron temperatures in plasmas observed
* Increased global particle confinement time






Non-axisymmetric profile seen
with SXR tomography
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Diagnostic at a single poloidal cross section
View constructed from 2 arrays



As mode amplitude increases, equilibrium
becomes helical
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Helical magnetic reconstruction
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Non-axisymmetric contribution

Axisymmetric equilibrium computed + computed by solving Newcomb’s
with a cylindrical model constrained equation in toroidal geometry for
by poloidal and toroidal fields the eigenfunction of the dominant

mode

Result is 3D
helical equilibrium




Density reconstruction with helical
equilibrium

1. Magnetic flux reconstruction

is basis set for density
2. Density constant on flux

surface and assigned a value

inverted (helical) and
experimental data

3. Difference between model and
measurement minimized

4. Helical basis ( X2= 155 ) fits
measurement better than
axisymmetric model ( X2= 273 )

x10m =2

5. Final reconstruction is a 2D
cut of helical fit
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density 109m =3

3D density inversion reveals
helical core
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