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Introduction
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• Magnetized plasma experiments are becoming increasingly frequent as we 
develop new ways to generate stronger external fi elds

 –magnetized fl ows for high-energy-density physics (HEDP) and laboratory 
astrophysics at MAGPIE [1]
 –magnetized liner inertial fusion (MagLIF) experiments on Z [2], 
and mini-MagLIF on OMEGA [3]

• In the presence of a magnetic fi eld, electron thermal transport is suppressed [4].  
This is a desirable effect when heat confi nement is the goal of an experiment.

• The experiment discussed in this work shows that a magnetic fi eld can also 
affect the microscopic scale under certain conditions, creating anisotropic 
electron temperatures

 – these conditions are similar to the preheat plasma in some MagLIF 
experiments; the experimental results could provide useful benchmarks for 
the models used to predict MagLIF preheat

• This experiment used a Mach-5 supersonic gas-jet nozzle with an exit diameter of 
2 mm. The experiment and measurements took place 2 mm above the nozzle exit. 
The pressures used produced a nitrogen gas with molecular densities ranging from 
6 × 1017 cm–3 to 1.4 × 1018 cm–3 resulting in electron densities between 3 to 7 × 1018 cm–3

• A Dual-MIFEDS* unit produced a 15 T magnetic fi eld which was uniform throughout 
the region of interest

• 100-J, 500-ps 3~ beams preheated the plasma. A 2-ns, 80-J 2~ beam was used at the 
main drive along the axis of the magnetic fi eld, as well as a Thomson-scattering beam. 
Alternating two different 2-ns, 20-J 3~ Thomson beams resolved the plasma 
conditions parallel and perpendicular to the magnetic fi eld.

Experimental Details
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Future Work
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• The next experiment on this platform will utilize monoenergetic protons to image the magnetic-fi eld 
profi le in the plasma. Multiple techniques, including the addition of a high-Z mesh [9,10] will be used to 
minimize the error on a measurement of the fi eld strength within the scattering volume.

• The images below are from proton defl ectometry simulations performed in PlasmaPy [11]. The protons 
are defl ected through the vacuum magnetic fi eld produced my MIFEDS (plot above) and collected onto 
a synthetic CR-39 detector 27 cm away and binned with 400-nm resolution (magnifi cation = 28)

• The right-hand plot has the magnetic-fi eld perturbation from a HYDRA simulation [12] superimposed 
onto the MIFEDS fi eld. The magnetic fi eld is driven out of the center of the plasma by the temperature 
gradients from the 2~ main-drive beam. This effect is noticeable as the change in the shape of the 
image near the top edge of the CR-39.
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Thomson-Scattering Geometry
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Anisotropic Electron Temperatures
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Electron temperatures are measured from low-
frequency ion-acoustic fl uctuations using a 3~ 
Thomson probe. The relative error between the 

temperatures in the parallel and perpendicular direction 
is less than 5%. Absolute error from the assumptions in 

the fi tting model is 14.5% (shown in inset.)

Electron densities measured from high-frequency 
electron plasma fl uctuations using a 2~ Thomson 
probe (co-timed with the 3~ probe). The relative 
error between the two data sets is less than 5%. 

Absolute error from the assumptions in the fi tting 
model is 9.7% (shown in inset.)

Analysis of Results
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Figures a and b show the simulation fi ts (blue) to the experimental Thomson spectra (red). 
These are fi t with perpendicular and parallel temperatures T9 = 110 eV and T< = 150 eV.
The lower fi gures, c and d, show the same experimental Thomson spectra (red), but with 
simulation spectra (blue) produced using the fi t temperature from the opposite spectrum. These 
fi ts demonstrate that the relative error in the temperature measurements are much smaller than 
the observed temperature discrepancy. The relative error is 3.7% compared to a temperature 
discrepancy between 27% and 36%.

Lineouts at 1.5 ns for a pair of low-density shots

Fitting Details
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• The non-Maxwellian order of the electron distribution was assumed to be m = 3 [6, 7] 
and the ionization state of the nitrogen was assumed to be Z = 5

• The form factor of the scattered light is determined by the1-D projection of the particle velocity 
distribution functions (VDF’s), feo and fio [7]

 S(  k ⃗   , ~) =    2r _ k      |1–   |e _ e  | 2 feo  (  ~ _ k  )  +    2rZ _ k      |  |e _ e  |   2 fio  (  ~ _ k  )  

• The geometry of the Thomson-scattering beams was chosen such that the 1-D VDF’s were either 
parallel or perpendicular to the external magnetic fi eld

• Density gradients of !10% to 20% are observed within the scattering volume (~100 nm3) of the 
high-frequency, electron plasma wave feature. These are believed to be due to the evolution of the 
density profi le within the magnetic fi eld and are consistent with previous results from this platform
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Generation of Anisotropy
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• The anisotropy is present while the main drive beam is on; it is 
therefore believed that advection of the magnetic fi eld from the 
scattering volume is causing the perpendicular temperature to 
decrease at a rate comparable to the collision time. 

• Double-adiabatic theory suggests the perpendicular 
temperature decreases linearly with the magnetic fi eld [8]

 – if the magnetic fi eld is being advected fast enough, there 
could be a dynamic balance between adiabatic expansion 
(generating the anisotropy) and electron collisions 
(working to isotropize the distribution)

• Electron–ion collision time: xei = 3 ps, Hall parameter: ~cexei =    mei _ r Le
    = 7, Collision scale: kmei = 10

• The macroscopic fi eld profi le outside of the scattering volume is shown here


