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A high pressure field reversed configuration (FRC) will betdrget plasma to demonstrate
the physics of magnetized (MTF) target fusion. For MTF, a n&iged plasma is adiabatically
compressed to fusion conditions intermediate between etagnd inertial fusion. In the Field
Reversed Configuration Experiment with a Liner (FRX-L), vee& successfully created FRC’s
near the design goal for MTIB ~ 1, temperaturd > 3002V, densityn > 5 x 10%?m~3, with
plasma pressures exceeding 20-30 atmospheres. This FRIbenefit from a larganomalous
resistivity to ohmically heat the plasma target prior tanglation into the implosion region.
In this and many other experiments, as well as in space, astro

and solar physics plasmamllisionlessplasmas exhibit resis- ~ PdY.compression for FRC

tivity that is anomalouslyarge. In FRX-L the Coulomb meanamzs {190
free path can be short compared to the plasma size, Whila{hegf 10% . 10 E
tio of resistive diffusion to Alfven transit times (Lundganhum- § - \ .
ber S) can be largeS(> 2 x 10%). We are able to scale FRXL 0" [ TetT 101
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Lundquist collisionality estimates. We use FRX-L data towgh
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that our resistivity anomaly is more consistent with wavatsc
tering than Coulomb collisionality.
Why a high pressure Field Reversed Configuration?
Magnetized Target Fusion (MTF) is a pulsed fusion energycephthat relies on adiabatic
compression of a magnetized plasma. The embedded, closguktiaflux surfaces improve
particle and heat confinement compared to non magnetizetiainfision approaches. For
MTF to succeed, a magnetized target plasma must be cresae@dported to a compression
region, and then adiabatically squeezed inside a flux ceimgeboundary "liner" [1]. Figure 1
shows adiabatic compressional work done on the plasma teake its volume and increase
the plasma density and temperature to fusion relevantdeliatge density is useful, since fu-
sion reactivity scales as the square of density. For ousiigations of MTF target plasmas, we
have selected the field reversed configuration (FRC). The BRQOobust MHD like equilib-



rium with vanishing helicity, large diamagnetic flows, andrassure balance requiring a large
ratio of plasma pressure to magnetic presgure 1. This MTF scenario invokes a high density
FRC (1G3m~3) with temperatureTe ~ T; > 200eV) and large initial pressurakgT ~ 20— 30
atmospheres).

At Los Alamos National Laboratory the FRX-L ex-

periment is used to study the physics of a suitable FR;C <nT=p>(MPa)
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plasmas for applications to MTF. Figure 2 shows a
typical recent shot, with large plasma pressure of

nkeT ~ 2 — 3MPa compared to other fusion deviced, 9U"e 2 Typical recent shot showing

h plasma pressure ofnkgT >~ 2 —
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netic flux trapping during formation is one focus of
<T>, external magnetic fielBey, and sep-

ongoing investigations on FRXL.
aratrix radiug.

Anomalous resistivity
Our MTF experimental design calls for a flux conserving coespion of 10 to 1 in radius

for the FRC equilibrium, which is predicted to yield a 250d@blume reduction[6] [1]. A final
compressed density ofstE ~ 10°°m~3 would yield fusion relevant conditions, which requires
the initial target to have density of approximately?3®-3. This high target density results in
a short Coulomb collision mean free path compared to the plasma current sheet or sepa-
ratrix sizerg of several cm. Figure 3(a) shows a survey of several diftdf®C experiments,
spanning a large range of collisionality/Ae;. To compare different devices with differing fill
pressurepp and vessel radius,, these data are scaled against a dimensionless line density
Nref = 0.032r2(cm) po(mT). By this measure FRXL is very collisional, but also amenable
scans over a large range in fill pressure. Figure 3(b) shoatshigh Coulomb collisionality
coexists with a large Lundquist numb®e 1r/ 74 Which usually corresponds tocallisionless
regime,i.e.the Alfven transit timera is much shorter than the resistive diffusion timg

FRXL intentionally operates in a regime where substantnhic heating is expected. Af-

ter the initial shock heating during FRC formation, sustaémt of the plasma temperature
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Figure 3:(a) Collisionality figure of merit Figure 4: FRXL shot data showing the

rs/Aei and (b) Lundquist number for several anomalous enhancement factpt/n, com-

FRC experiments.s.normalized line density pared with (a) Coulomb collisionality and (b)

Nref, Lundquist number.

requires large ohmic heating which could be increased bynatmusly enhanced resistivity
n* = v*/(wﬁeeo) over the Spitzer valug, = vei/(wﬁeeo) wherev* (Vg is the anomalous
(electron-ion) collision frequency arnde is the electron plasma frequency. The anomaly factor
for FRC’s has traditionally been reported to be in the rarfgg*gn, ~2—10 [6]. The anoma-
lous physics has never been explained,Wuis typically attributed to particle scattering from
a wave energy density proportional to the internal polomdagnetic field energy density. Here
we calculate the resistivity using a rigid rotor model [3thvas benchmarked on FRXL using
a multi chord interferometer [1].

FRXL anomaly facton*/n, data show substantial scatter, decreasing to sl ;| with
Coulomb collisionality forrs/Aej > 10 in Fig. 4(a) and increasing with Lundquist numBet
rsva/(N./Ho) > 1 in Fig. 4(b). For a range of densities and total temperafige= To+ T,
we have assumel} ~ Tiot/2, andTe(T;) are respectively the electron and ion temperatures. We
note that MRX [5] reconnection experiments showgdn, > 5—10 for d/Ae¢i > 1, whered
was a reconnection layer width.

Figure 5 data indicates reduced scatter when plotted againave scattering resistivity™
proportional to internal poloidal magnetic fieR}, energyW. From force balance;*Jen=
—0,W(r) whereO, W(r) ~ r—ls(Bf)ol/ZHO), andBy is proportional the external magnetic field
Bext. This is reminiscent of lower hybrid drift wave scaling [4][and requires thag* ~
Cwa\,(Bextxé“ /n, wherexs is the ratio of separatrix to coil radius,~ 0.25 is an edge shape



factor, andh is average density. TH&,avedependence is smaller for FRXL high density FRC’s
(squares) than a worldwide compendium of lower density FRE@ (diamonds). Error bars for
n*/n, may be sensitive to impurities[@ ¢ < 1.5, FRC profile deviation from the rigid rotor

model, and whethefe ~ Tiot/2.

Conclusion
High pressure plasmas have been created inor 98
FRX-L for use as a high density MTF targefE 15} g . MEH
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sion on plasma experiments which will be imple- ] 10
mented in the next several years at AFRL Kirt- W= 1023 x B(T) x5 (1+) / n(m-2)

land. These target FRCs benefit from substant'i%ure 5:FRXL shot data (squares) and a sur-
ohmic heating after formation, which may de;,—ey of many other lower density FRC experi-
pend on resistivity that is found to be anomaloygents (diamonds, courtesy L. Steinhauer) com-
for a wide range of Coulomb collisionality. Theyaring anomalous resistivity* with a wave scat-
behavior of this resistivity does not appear to deering quantity proportional to internal poloidal

pend on resistive diffusion in the usual sense. magnetic field energy.
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