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Magnetized Liner Inertial Fusion (MagLIF)* may be a
promising path to high fusion yields on Z

Metal (beryllium) //;f?”\ Idea: Directly drive solid liner
Cylindrical Liner \ ~ g containing fusion fuel

Cold deuterium/tritium

gas (fuel) 1. An axial magnetic field (B,) is
’ applied to inhibit thermal conduction
B, coils y and enhance alpha particle deposition
4 @

2. Z Beamlet preheats the fuel

Axial Displacement (cm)
(=]

2
Laser
4 == il = preheated
_5/ 4 2 0 2 4 8 fuel 3. The Z accelerator efficiently
Radius (cm) Compressed drives a z-pinch implosion
Z power flow axial field
(anode-cathode gap) . . —
Liner Integrity Critical

*S. A. Slutz et al., Phys. Plasmas 17, 056303 (2010).




We tested MRT growth predictions on Z using Al liners
with small sinusoidal perturbations (AL=200, 400-um)
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« Solid cylindrical liner (Al 1100 alloy)

* 6.5 mm tall, 6.34 mm diameter, AR=10
10 nm surface finish (diamond-turned)
» 12 sinusoidal perturbations:

six 400-um wavelength, 20-um amplitude
six 200-um wavelength, 10-um amplitude
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Targets made by General Atomics



Target Scale-Size

Single-mode
perturbation
experiments
with aluminum

*D.B. Sinars et al., Phys. Rev. Lett. (2010).
*D.B. Sinars et al., Phys. Plasmas (2011).
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Excellent agreement between simulation and experiment
for single-mode MRT growth experiments with aluminum

*D.B. Sinars et al., Phys. Rev. Lett. (2010).
*D.B. Sinars et al., Phys. Plasmas (2011).
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V
ol 'Experiments used Two-Frame 6.151 keV
monochromatic crystal backlighting diagnostic

Two-frame 6.151-keV Imaging

» Spherically-bent quartz crystals (2243)
* Monochromatic (~0.5 eV bandpass)

* 15 micron resolution (edge-spread)

* Large field of view (10 mm x 4 mm)

* Debris mitigation

4

.. 'Dector

Apertures

"""" FLaser Tare '

6.151-keV Radiograph of Imploding
Beryllium Liner:

Frame 2 Crystal

* Single-frame 1.865 keV and 6.151
keV implemented on Z facility

We can see through imploding beryllium with —D.B. Sinars et al., RSI (2004).
6.151-keV photons (not so for aluminum and « Two-frame 6.151 keV on Z facility

other higher-opacity materials) _G.R. Bennett et al., RSI (2008).




Beryllium Liner Setup for MRT, Shock-Compression,
and Isentropic-Compression Experiments

Load-current B-dot probe (shown here in background
for measurement at different azimuth)
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D LASNEX Simulations of MagLIF Suggest
Optimum at Aspect Ratio (AR) of 6

density density

0
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0.58 mm
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*S. A. Slutz et al., “Pulsed power
driven cylindrical liner implosions
with magnetized and preheated fuel”
Phys. Plasmas 17, 056303 (2010).
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Presenter
Presentation Notes
The new set of targets have the following dimensions
  AR=4 targets, r_inner=2.39 mm, r_outer=3.19 mm
  AR=6 targets, r_inner=2.89 mm, r_outer=3.47 mm
  AR=9 targets, r_inner=3.37 mm, r_outer=3.79 mm
  AR=13.5 targets, r_inner=3.85 mm, r_outer=4.16 mm
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‘ Surface Finish Characterization

Sample from z2173 Be target with 120-nm RMS roughness
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Beryllium MRT Data  *
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Beryllium Liner MRT Experiments ‘
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Axial Displacements [mm]
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Abel-Inverted “:
MRT Data:
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' From Transmission
(Areal Density) MRT data:

Mean pR and A(pR):
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Mean pR and A(pR):

From S.A. Slutz, et al., PoP (2010):
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# Abel-Inverted
MRT Data.

Fourier Analysis:

Dominant Wavelength Growth
(From FFT Analysis)
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Abel-Inverted
MRT Data:

Dominant Wavelength Growth:
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V;.' Beryllium Shock-Compression

Experiments
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lum Shock-Compression
Experiments
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» Measured shock velocity of about 19 km/s
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g Why Is 1sentropic compression
Interesting for MagLIF?

1. Isentropic compression is more efficient hydrodynamically
» Shock heating wastes radially-directed implosion energy
» Isentropic compression achieves higher liner densities (higher liner rho-r)

2. Maintaining a solid metallic inner liner surface could: o _
« maintain high electrical conductivity, thus result in more efficient flux compression
* mitigate MRT disruption due to solid-state material strength

3. Possibly mitigate liner ejecta from liner’s inner surface (due to shock breakout) and thus
prevent liner material from prematurely mixing with the fusion fuel

4. Longer pulse shape for isentropic compression could:
« convert more of Z’s EM energy into implosion energy
» be favorable for next generation 60-MA drivers (longer pulse lengths)
» be favorable for compatibility with load current multipliers (LCMs)

5. Longer isentropic compression pulse shape can still be designed to have high electrical power
near stagnation, if EM power delivery at stagnation is found to be important

6. Etc...



~~, €7 Pulse-Shaping for Be Isentropic
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* See work by R.W. Lemke, M.R. Martin, et al.
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}" Most Recent Be ICE

22207, t1=3036.2ns
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Most Recent Be ICE

22207, 12=3040.2ns
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Most Recent Be ICE

22210, t1=3045.2ns
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Most Recent Be ICE

22208, t1=3048.1ns
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Most Recent Be ICE

z2208, t2=3052.1ns
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Most Recent Be ICE

22210, 2=3053.2ns
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S 'ALEGRA Simulation of Most
Recent Be ICE

m 360° Rad-MHD simulation t=3068 ns
using 30,000 cores on Cielo
supercomputer

DENSITY

m Inner surface of liner remains
solid and is unperturbed by
Magneto-Rayleigh-Taylor
instability

m Structure of MRT instability
is inherently 3D and couples ok
into field diffusion rate s r——

3.000e+05

density iso-surface 1.e3 kg/m**3 t=3068 ns

2.400e+05

1.800e+05

6.000e+04

1D, 2D, & 3D ALEGRA Simulations \U”

* See work by R.W. Lemke and M.R. Martin
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" 'ALEGRA Simulation of Most
Recent Be ICE

ALEGRA 3D; 360 deg cylinder

R (;:m)

1D, 2D, & 3D ALEGRA Simulations
* See work by R.W. Lemke and M.R. Martin

z2210_zbl_t2 measured radiograph
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Axial Displacement [mm]

Most Recent Be ICE to >5 Mbar

z2210, t2=3053.2ns

22210 abel inversion t2 + 2D Alegra results
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* See work by R.W. Lemke, M.R. Martin, et al.
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Most Recent Be ICE to >5 Mbar

Simulation not required for unfold of isentrope

” 25 § (simulation used only for experiment design,
: verification, assumption checking, and unfold
: : guidance)
;adialdispiacamenl{mm] cylindrical Be Liner |CE Stress VS. DenSity
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10 [~ ——  Sesame Be2020 isentrope s -

| #——+ simulated data (ALEGRA 2D)
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