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The sheared flow Z-pinch at Zap Energy ‘l:'~ ZAP ENERGY
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FuZe produces a large
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Aim is to characterize plasma conditions at 2 locations

Z-pinch Plasma Electrode End Wall

10cm 20cm

Shear flow stabilized z-pinch

 Compare n,, T, to neutron signals to determine

coincidence Observation Side-Window



Design considerations for FuZe

Optimizing signal

T, and density and expected (>1 keV, >1x10'7 cm?)

x = 1/kADe X X< ne/Te — Borderline Collective / Non-Collective

Scattering geometry

Scattered light issues

* Emission lines in the collection spectral range
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Design considerations for FuZe

Optimizing signal

T, and density and expected (>1 keV, >1x10'7 cm?)

o = 1/kApe o o< \/1e/Te

Scattering geometry

Notch Filter

Scattered light issues 17nm EWHM

Emission lines in the collection spectral range

—

—

)

Borderline Collective / Non-Collective

Detection Events per pixel [px 1]

-1000

7000

6000 -

5000

4000

3000

2000

1000

EPW: T, =1000eVn_=5 x 107 cm™

\

L)

90 a=0.18
30 «=0.48
15 o =0.92

L T e

450

500

Wavelength [nm]

550

600



Design considerations for FuZe

Optimizing signal

T, and density and expected (>1 keV, >1x10'7 cm?)

o = 1/kApe o o< \/1e/Te

Scattering geometry

Scattered light issues

Emission lines in the collection spectral ranm
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Design considerations for FuZe

Experimental challenges

Chamber compatibility
Input, collection, beam dump, alignment x 3
LOS for other diagnostics (interferometry, emission)

Targeting the plasma

Alignment

Portability



Design considerations for FuZe

Experimental challenges

« Chamber compatibility

Input, collection, beam dump, alignment x 3 b) COLLECTION VOLUME ALIGNMENT
LOS for other diagnostics (interferometry, emission) —B6mm-—

Plasma

* Targeting the plasma
L E::::> column
Plasma column shows variation in

position along the TS view

O OTS Collection

Volumes
« 16mm .
 Alignment
* Portability
Good compensation for Poor compensation for
motion along the laser motion perpendicular to

path the laser path



Desigh considerations for FuZe

Experimental challenges

Chamber compatibility
Input, collection, beam dump, alignment x 3
LOS for other diagnostics (interferometry, emission)

Targeting the plasma
Plasma column shows variation in
position along the TS view

Alignment
Repositioning accurate to 10um over 14” travel

Protected behind gate valve between uses

Portability




Design considerations for FuZe

Experimental challenges

« Chamber compatibility
Input, collection, beam dump, alignment x 3
LOS for other diagnostics (interferometry, emission)

 Targeting the plasma
Plasma column shows variation in
position along the TS view

 Alignment
Repositioning accurate to 10um over 14” travel
Protected behind gate valve between uses

* Portability
Repositioning relative to pulsed power useful
Project was to build portable system...



Final Engineering Design for FuZe

OTS =1000mm
lens

Alignment Pin mounted

Beam on 3D translation stage
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Final Engineering Design for FuZe

T BRI S Nl

Ekspla NL129 Nd-YAG at 532nm, 8 Jin
1.5ns

Andor 500 mm Shamrock Czerny-
Turner spectrometer with Andor iStar
CMOS detector (4ns gate)

For EPW, a low-resolution grating (150
L/mm) gives sufficient bandwidth

Fiber optics collection, 17 fibers (f/4),
100um cores

Collection volume of 0.25 x 0.25 x
0.74 mm?3, and the total field of view
for all 17 fibers is 16 mm

Laser, spectrometer(s), trigger units,
oscilloscope, DGG, control PC all fit on
one 8'x4’ optical bench on wheels
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Distance from Chamber Axis (mm)

Thomsonpy: automated, iterative fits to data with error bars

Fit routine is from Jacob Banasek
Banasek, J. T., Byvank, T., Rocco, S. V. R., Potter, W. M., Kusse, B. R., & Hammer, D. A. (2018). “Time-Resolved Thomson Scattering on Laboratory
Plasma Jets”, IEEE Transactions on Plasma Science, 3901 - 3905
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Error bar determination

Developed after initial data sets taken to assess plasma
conditions

* As measured Te increase the total scattered intensity
decreases (proportional to ne)

* S0, the lowest Te shot are at the highest density (highest
scattering intensity)

* Can use these to determine the maximum density for the
data set

* From test fits, we find that density can be no larger that
5x10'¢ cm-3
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Error bar determination, and final T, data

* As the plasma T, increases and density drops, the
system becomes more non-collective

* Eventually density plays no role in the fit so we can
set a lower (influential) density for the dataset

LOWER DENSITY BOUND = 5x10"° cm-3

* The data is fitted using a non-collisional TS model (T,
peak intensity, continuum level)

* Error bars on each fits use 1000 MC sims varying
instrumental function (15%), the accuracy of the laser
wavelength (1nm), dispersion of the spectrometer, by
(1.5%), plus noise (inc. gain)

* We perform these fits at both the max and min
densities from above to give 2 fits, and average these
to give a final error baron T,

T. for Shot 220609021
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FIG. 11. Measured T, for shot 220609021. Blue line is the fit at ne =5
x 108 cm=2, orange line is the fit at ne = 5 x 10'® cm~2, and the green points
are the average of those two fits, with the error bars based on the Monte Carlo
error calculations for the two fits. The horizontal error bars are the FWHM of each
fiber.

Density can only be quotedto<5x 10" cm™3



T, data trends coincident with neutron pulse

~250 shots in this
series (up to 90 shots
per day)

Significant shot-to-shot
variation, but clear rise
in T, during neutron
production time

Note that early and late
time temperatures are
always low

Peak temperatures up
to 3 keV
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Comparative measurements along the z-pinch plasma

Z-pinch Plasma Electrode End Wall

10cm 20cm

* PMeasurements closer to the central
“nosecone” electrode provide additional
information

* Possibility of higher density here, enabling
more data recover from TS fits

* New vacuum flanges for p=10cm
designed and constructed to translate
setup along the z-axis

Observation Side-Window




Data at p=10cm shows good signhal trends

RED SHIFTED
* High T, values again measured for a wide range of shots TS SIGNAL
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Pressure scan through neutron emission time shows T, n_ trends

~250 shots in this
series over 3 fill
pressures

Te data consistent
with  p=20cm but
shot-to-shot slightly
better

First measurements
of ne in this work

Density for 150psi
and 200psi shots
increases during

neutron pulse
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Fill pressure scan through neutron emission time shows T_, n_ trends

~250 shots in this
series over 3 fill
pressures

Te data consistent
with  p=20cm but
shot-to-shot slightly
better

First measurements
of ne in this work

Density for 150psi
and 200psi shots
increases during

neutron pulse
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Reconstruction of pressure profile shows plasma column

e TS data shows the formation of a small

diameter plasma column at high pressure ~4- 221026059
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Peak pressures with time track neutron pulse

neutron emission
TrEl 3.0 150 psi
» Peak column pressure is plotted against Q55 ¢ ;gg psi
the neutron signal (where available) ﬁ psI
® 2.0-
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* In each case, the increase in pressure is @
coincident with an increase in the e 1.0-
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Comparison of TS data to spatially resolved neutron data

* Neutron detectors are placed along the length 30 _
of the pinch, and relative signal strength used to . = 200 ps|
approximate the length of the neutron producing c E 25 - 150 psi
region OO0
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* Explains the ability to recover density data at 0 (-) 2-0 4-0 6IO

p=10 and better plasma column hit-rate.
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Summary

TS data successfully recovery from 2 locations in the Zap sheared flow Z-pinch
Robust data reduction and error analysis routines developed
TS system is portable, can be designed and deployed on different experiments
J. T. Banasek et al, Rev. Sci. Instrumen., 94, 023508 (2023)
Despite low densities at p=20cm, T, data showed trends coincident with the measured neutron pulse
and keV peak temperatures
B. Levitt et al, Phys. Rev Lett, 132, 155101 (2024)
Data at p=10cm showed measurable n_ and T, data during neutron pulse consistent with increase in
plasma pressure
Peak values were 2.25 +/- 0.8 keV and densities up to 4.9 +/- 0.2 x 1077 cm3

C. Goyon et al, Phys. Plasmas, 31, 072503 (2024)
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