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Outline

 Sheared axial flows maintain the gross stability of a Z-pinch.

 Stability is coincident with plasma source in the coaxial accelerator.

 Diagnostics indicate a high-temperature plasma.

 Temperature profile is flat as a function of radius.

 Interferometry shows a peaked density profile on-axis.

 Plasma compresses as the stable period progresses.

 Density profile and radial heat conduction analysis produce 

temperature and magnetic field profiles.

 Temperature profiles indicate increasing temperature due to 

magnetic compression.
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ZaP uses sheared axial flows to 

maintain gross stability of a Z-Pinch

 Z-pinches are inherently unstable to m = 0 “sausage” and m = 1 

“kink” modes; conventional stabilization techniques such as close-

fitting conducting walls have drawbacks.

 Theoretical analysis suggests that a sheared flow can stabilize the 

modes in a pure Z-pinch.

 Using sheared axial flows, ZaP produces long-lived, stable           

Z-pinches with long axial extents; greater than 100 cm.

 Stable (quiescent) period of the pinch is coincident with sheared 

axial flow profile.  These profiles and their duration are consistent 

with classical Spitzer viscosity (see poster for more details).
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ZaP Formation Process

 Neutral gas is injected 

between the two electrodes 

and allowed to expand.

 Capacitor banks are 

discharged across electrodes, 

ionizing the gas.  Lorentz 

force accelerates the plasma 

axially.
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ZaP Formation Process (cont.)

 Current sheet assembles on the 

axis at the end of the inner 

electrode.  Current sheet 

continues along the outer 

electrode until it reaches the 

end-wall.

 Radial compression results in 

high temperature and density Z-

pinch with embedded axial flow.  

Remaining gas in accelerator is 

ionized and flows into the pinch 

maintaining flow shear.  Hole in 

end-wall prevents flow 

stagnation.
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Evidence from interferometry and magnetic probe arrays indicate 

stability is coincident with the plasma source in the accelerator

Increasing Z
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Quiescent period is coincident with density 

and current in accelerator

 Quiescent period is

associated with periods

of low magnetic fluctuations.

 During the quiescent period

density and radial currents

persist in the accelerator.

 The end of the quiescent

period is preceded by a

drop in density and current

in the accelerator.

 These changes suggest

that the plasma source is

being exhausted.

 Maintaining the source can

extend the plasma lifetime.
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Two-point Thomson scattering system measures local Te

 System uses a Korad

ruby laser, spectrometer 

and an array of PMT 

detectors.

 Updated to a two-point 

system with five PMTs for 

each spatial point.

For more details see R.P. Golingo’s poster
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Two-point Thomson scattering can determine temperature profile, 

but over many similar pulses

 One Thomson scattering pulse per plasma pulse, a profile requires 

data from many pulses

 Temperature profile is relatively flat as a function of radius.

 Temperature decreases later in time coincident with decrease in 

magnetic field.
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20-chord imaging spectrometer is at the same location as 

Thomson scattering and collects light at the same time

Increasing Z
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Data from two-point Thomson scattering system and 20-chord 

imaging spectrometer show similar Te and Ti

 Electron temperatures from Thomson scattering are in reasonable 

agreement with deconvolved ion temperature profiles.

 Thomson scattering is difficult and the laser often requires maintenance.

 Spectroscopy has more spatial points.

 Since Ti ≈ Te, spectroscopy can replace Thomson scattering for ZaP

temperature measurements.
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Interferometry and radial force balance can be used to determine 

equilibrium profiles as a function of time

Increasing Z
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Four-chord HeNe interferometer is used to 

determine density profile and pinch size

 A four-chord HeNe heterodyne, quadrature interferometer is used 

for chord-integrated density measurements.

 Measurements are taken at z = 0 cm at multiple impact 

parameters.
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Chord-integrated profile is Abel-inverted to determine

an electron density profile

 At each time, chord-integrated points are fit with a piece-wise cubic 

spline.

 Assuming axisymmetry, chord-integrated profile is Abel-inverted to 

determine density profile.

 Constant density core is assumed to provide a conservative estimate of 

the core density.
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Time resolution of the interferometer gives information about 

evolution of density and pinch size

Profile evolution shows a peaked density compressing to higher densities 

later in time.  White symbols indicate location of interferometry data points.
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Profiles of temperature and magnetic field can be determined 

using conservation of energy and radial force balance
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Thermal conductivities are given by Braginskii1

1 S.I. Braginskii, Reviews of Plasma Physics 1:205 (1965)



ZaP Flow Z-Pinch
Aerospace & Energetics Research Program

Radial heat conduction analysis produces 

profiles of temperature and magnetic field

High thermal conductivity near the axis results in a flat temperature 

profile which drops off quickly at the edge where the plasma becomes 

magnetized.  The flat temperature profile agrees with Thomson 

scattering and Doppler spectroscopy measurements.



ZaP Flow Z-Pinch
Aerospace & Energetics Research Program

Profile evolution indicates a pinch that heats up as it compresses

Plasma compression results in a high temperature pinch with high 

magnetic field.



ZaP Flow Z-Pinch
Aerospace & Energetics Research Program

Multiple diagnostic agreement provides 

confidence in profile evolution

 Thomson scattering measurements are in agreement with Doppler 

spectroscopy measurements of the temperature.

– Spectroscopy can be reliably used in place of Thomson scattering to 

measure the temperature.

 Measurements are consistent with interferometry and radial force 

balance.  

 Time resolution of interferometer allows measurement of the profile 

evolution of the pinch.

 Evolution indicates that plasma heats as the quiescent period 

progresses due to magnetic compression of the plasma.

 Interferometry and Doppler spectroscopy will be used on multiple 

operating conditions to calculate plasma profile evolution.
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Summary and Conclusions

 ZaP project is producing Z-pinch plasmas that exhibit gross 

stability during an extended quiescent period that is coincident with 

a sheared plasma flow.

 Measurements indicate an axially-extended pinch that is long-lived 

and stable (additional evidence available at poster).

 Four-chord interferometry and two-point Thomson scattering can 

measure the profile evolution of the pinch.

 Thomson scattering shows a flat temperature profile; agrees with 

Doppler spectroscopy and interferometry.

 Thomson scattering, Doppler spectroscopy and radial force 

balance measurements of temperature all indicate a high-

temperature pinch.

 Interferometry indicates a pinch that compresses and heats as the 

quiescent period progresses.


