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High-D nsity FRC Formation 
Studies on FRX-L 

Abstract 
FRX-L (Field Reversed configuration experiment - 
Liner) is a magnetized-target injector for magnetized- 
target fusion (MTF) experiments. It was designed with 
the goal of producing high-density n-1017 ~ m - ~  field 
reversed configurations (FRCs) and translating them 
into an aluminum liner (1-mm thick, 10-cm diameter 
cylindrical shell) for further compression to fusion 
conditions. Although operation at these high densities 
leads to shorter FRC lifetimes, our application requires 
thlat the plasma live only long enough to be translated 
and compressed, or on the order of 10-20 ps. Careful 
study of FRC formation in situ will be done in the 
present experiment to differentiate between effects 
introduced in future experiments by translation, 
trapping, and compression of the FRC. We present 
current results on the optimization of the FRC 
formation process on RX-L and compare the results 
with those from past experiments. 
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Aa High Density? 

Magnetic Confinement 
Fusion 
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Inertial Confinement 
Fusion 

Ba Magnetized Target Fusion 
A preheated and magnetized target (an FRC, for example) is compressed to 
fusion conditions 

STEP 1: 

Target Form at ion 

Density - 101~-10~* cm3 
T - 50-300 eV 

(in closed-field line topology) 
B - 5 T  

-- 

STEP 2: 

Translation 

I -  
- !  

STEP 3: 

Compression @ 

Adiabatic - cm/ps 
compression to fusion condition 

C. FRCs Ideally Suited for MTF 

N A T I O N A L  L A B O R A T O R Y  

Closed field line topology 

.Translatable 

Com pressi ble 

*Existing em pi rical data base 
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Am Circuit 

r I 

Yl PI bank 
70 kV, 

2.7 pf, 

t-.. = 1 5 .-,,4 . . - 

t. 

I L  
Cusp/mirror coil 
I cap. bank 
I 

5 kV, 2000 pf, 

&,A = 40 US 
Bias bank 

d "- 

charge tube 

Closeup view of segmented theta coil, cusp coil, and discharge tube 

,?a*lamos N A T I O N A L  L A B O R A T O R Y  

' Bm Experimental Parameters 
i i l  

Physical constraints : 

-coil radius 

-coil length 

=discharge tube radius 

-reversal electric field 

-fill pressure 

-crowbar field 

(*max operating values) 

re = 6.2 em 

lc = 36.0 ern 

rt = 5.25 cm 

E ,  = 0.15 (1.0") kVkm 

po = 20-40 mTorr 

Be = 1.5 T (5 T*) 

Expected plasma parameters: 

-separatrix radius 

- plasma 

rs - 3 em 

I ,  = 30 ern 
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A. Stages of FRC formation 
We use what’s known as the FRTP (field-reversed theta pinch) 
method 

I 
I 

I 
‘ B. 

symented theta-plnch coil 

mlrror coils 

- 
5 - 
2% I_ 

_I 

quartzdischarge tube 

s mented theta-plnch con 7 

Fill with neutral gas (02) 

Apply bias magnetic field 

ionize the gas 

.. 
Quickly reverse current in theta pinch coil 

Excluded Flux Radius 
Cross-section at midpoint of theta pinch coil: 

rc = theta coil inner radius 
rr = discharge tube radius 
rs = separatrix radius - exctuded flux 
radius near midpoint of coil 

Bdot probes measure axial field between theta coil and 
discharge tube 

- -  
Gas implodes 

quartzdischarge tube 

ymmted theta-pinch coU 

Flux loops wrapped around discharge tube measure the 
flux through coil (assume flux loop radius rl= rc) 

c- 

quartz discharge tube 

ymented thetbplnch cdl 

quartz discharge tube 

se mented theta-pinch coil Y 

magnetic field lines connect 

FRC to contracts axia I I y 

FRC reaches equilibrium 

quartz discharge tube 

N A T I O N A L  L A B O R A T O R Y  

I 

Compare vacuum and plasma cases to find how much 
flux is ‘excluded’ by the plasma. This translates into an 
‘excluded flux radius, rSm 

1/2 

rs=rl I--- [ ?:] 
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