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Profiles and cross-field transport in LAPD mirror configurations

Radial profiles and particle fluxRadial profiles and particle fluxMotivationMotivation

Fluctuation structureFluctuation structure Axial gradientsAxial gradients

SummarySummary

Future work and machine learningFuture work and machine learning

Fixed diagnostics
• Thomson scattering
• Interferometers (x2)
• Light diodes (x5)
• Fast framing camera
• Diamagnetic loop

Machine state
information (MSI)
• Discharge current
• Discharge voltage
• Gas pressure
• RGA partial pressures
• Axial magnetic field

The Large Plasma Device (LAPD)The Large Plasma Device (LAPD)

• 19.7m long, 1m diameter
• Te ~ 5-10 eV
• nₑ up to ~10¹³ cm⁻³
• Flexible magnetic geometry — good for
mirror studies
• 1 Hz shot rate – up to 31 million shots per
year (have 15m+ shots recorded right now)

• Hundreds of diagnostics ports
• Data-rich environment— ideal for ML
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• LaB6 profiles are surprisingly similar despite changes in mirror
ratio

• Significant increase in particle flux seen with a mirror ratio of 3
• Large axial gradients observed in density and temperature
• Shaper features and higher mode numbers observed in larger
mirror ratios

Comparing previous measurements on BaO cathode:
• Large radial field→ possibly enhanced shear flow suppression
leading to lower radial transport
• May be supported by fast framing camera footage

• Dramatically enhanced radial transport at M=3
• Isat and Vf profiles are more similar in LaB6 than BaO, but
fluctuation profiles differ and are sharply peaked

• The LAPD has been recently upgraded to a LaB6 source
• The LaB6 cathode allows access higher densities
and temperatures

• Goal of this experiment: collect ML dataset
• Collect data from as many diagnostics as possible
• Vary machine parameters as much as possible
• Goal of this analysis: compare turbulence and
transport of mirror configurations with the LaB6 source
with previous BaO-source mirror experiments

SetupSetup

• Mirror ratios in between 1 and 6 were explored.
M = 1, 2, and 3 were analyzed for this study

• Probe analysis averaged over 12.8 to 19.2 ms
(approximately steady-state) for probe data

• Probes were stepped in 2 cm increments
• Previous transport study used 0.5 cm increments
• 6 shots per position (vs 15 previously)
• Small number of samples were taken to more quickly
cover machine parameter space

• Fluctuation power was analyzed between 2 and 100 kHz
• Drift waves fall in this frequency range

• Many more machine configurations will be analyzed
• Additional diagnostic data was collected (e.g., sweeps)

• A generative ML model will be trained on pseudorandomly
generated machine configurations for profile and transport
predictions in mirrors

• A dedicated, higher-resolution mirror transport study is
needed for greater confidence in conclusions and for a
closer match with BaO source experiments

• Fast framing camera footage is known to correlate well with
isat fluctuations

• Sharper structure, higher mode numbers seen in mirrors
than in the flat case in both the BaO and new LaB6 cathodes

• Earlier time (t=6 ms) shown above so that structure is more
visible; also mean-subtracted

BaO cathode BaO cathodeLaB6 cathode LaB6 cathode

• Large axial variation observed in density, temperature, and
visible light
• Strong dependence on mirror ratio

• Assumes radial density profile is identical at the interferometer
and triple probe

Probe diagnostics
• Langmuir sweeps – Te
• Triple probe
• ne, Te, Vf

• Flux probe
• ne, Vf x2
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All signals averaged
between 8 and 9 ms
(TS at 8 ms)
• Interferometer and
triple probe density
error set to 20% for
reference

• TS density error
based on absolute
calibration error

• Triple probe Te error
unquantified

• TS Te error based on
covariance of the
standard deviation fit

• Diode signal width
represents minimum
and maximum values
in the time range

Note: same
probe area

Note: missing data
M=1 caused by
digitizer saturation
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LaB6 cathode – fast framing camera (t = 6 ms)


