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What is the challenge? What have we learned so far?

The Z pulsed-power facility offers a unique platform for producing very large magnetic We are presently in the first 6 months of this 3-year LDRD. So far, we have performed 4
fields (10°’s—100’s MGauss) coupled to very high-energy-density plasmas (>>1 Mbar). These experiments on Z that involved flux compression (2 dedicated flux compression experiments
extreme states of magnetized matter offer many rich and exciting phenomena for scientific and 2 ride-along/MagLIF-development experiments), and we have already found very exciting
inquiry, as highlighted by the recent Research Needs Workshop (ReNeW) on high-energy- and surprising results. We have found that the applied B, field dramatically alters the
density laboratory physics (HEDLP). structure caused by the Magneto-Rayleigh-Taylor (MRT) instability, changing it from ring-like

One method to achieve very large magnetic fields on Z is magnetic flux compression. structure to helical-like structure:

In principle, an axial seed field, B,,, of about 30 T can be trapped and compressed (amplified) No Applied B, With Applied B,
to more than 10,000 T by a fast imploding liner on Z. This phenomenon is exploited by the - o
Magnetized Liner Inertial Fusion (MagLIF) concept currently under development at Sandia. pru tranemeson WDDT mnsn::mm;n 240 1009400 B0-TT 22481, 23100805, Bz0=10T -
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We are working toward the evaluation of a new , E F g 0
Magnetized Liner Inertial Fusion (MagLIF)* concept 1] "H ) 0 "= -
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1. A10-50 T axial magnetic field (B,) is \
applied to inhibit thermal conduction losses
and to enhance alpha particle deposition
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Z power flow

(A-K'gap) 3, Z drive current and B, field implode the liner .
(via z-pinch) at 50-100 km/s, compressing the
fuel and B, field by factors of 1000
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With DT fuel, simulations indicate scientific breakeven may be possible on Z
(fusion energy out = energy deposited in fusion fuel)

Axial Distance [mm]
= = PN & =3

- )
(6] o
Transmission (%)

[N
[

Axial Distance [mm]

*S. A. Slutz et al., PoP 17, 056303 (2010); S. A. Slutz and R. A. Vesey, PRL 108, 025003 (2012).
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Our ability to compress flux remains unclear, however, due to poorly understood T. J. Awe et al., manuscript in preparation for PRL

physics. For example, the Nernst thermo-electromagnetic effect can cause significant flux
loss across strong temperature gradients in the fuel. The Nernst effect is included in higher-
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order magnetohydrodynamics theory, but the physics needs to be validated experimentally. (b) : ’ f |
Developing diagnostics to measure these compressed fields is required to assess N = % Z current |
whether or not adequate compression is achieved. , | SORE et radlus Z-
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Understanding the fundamental physics of magnetic flux compression will have a R. D. McBride et al., Phys. Plasmas 20, 056309 (2013). = : _V::Z:(+dz=0.6mm) \_ |
direct impact on our magnetized inertial-confinement fusion program (e.g., MagLIF) and our g ] V prope (-2=0-6mm) N |
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pBdot probes in the fringe fields. (c) We have used these
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§ 90[ O 1mayProbe Fotures We have already successfully detected flux compression signals, but we have also learned that it will be
il — very difficult to infer the amplified B, field within the liner at CR=3, 5, or 10 (our measurement goals)
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without very precise characterization of the probe loop positions and better electrical shielding
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