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Gas-puff Z pinches with 0 2 and D2·Ar mixtures 
J. Bailey, Y. Ettinger, A. Fisher, and N. Rostoker 
Physics Department, University of California. Irvine. California 92717 

(Received 6July 1981; accepted for publication 21December1981) 

Results obtained with the University of California, Irvine gas-puff Z-pinch experiment are 
described for deuterium and deuterium-argon mixtures. This experiment utilizes a hollow 
cylindrical gas puff injected between electrodes driven by a 4.8-kJ capacitor bank. Various gas 
compositions have been tested, including pure deuterium, 90% Dr 10% Ar, and up to 10% D 2-

90% Ar. We have observed the stages of collapse and its rate, electron density at the pinch, 
neutron yield, and the time dependence ofx-ray and neutron emission. When a 90% D2-lO% Ar 
mixture is injected, the plasma annulus is observed to separate into two columns which implode 
concentrically. 

PACS numbers: 52.55.Ez 

current reaches its maximum. The ion density is n 0 In the present study of Z-pinch dynamics with pure 
deuterium and deuterium-argon mixtures, we have utilized 
the basic experimental setup described in Refs. 1 and 2. A 
hollow cylindrical gas puff is injected between two elec­
trodes driven by a capacitator bank ( l2µf, 4.8 kJ}. The initial 
gas density is controlled by a delay between injection of the 
gas and application of the high voltage. The delay can be 
adjusted so that the pinch occurs when the current is a 
maximum. 

-2X l018 cm- 3
• More plasma is left in the anode cloud than 

in the high density regime [Fig. l(b)]. The maximum neutron 
yield was Y - 2 X l 08 N/pulse. Hard x-rays were observed 
from all shots, indicating that probably most of the neutron 
emission is due to beam-target interactions. The enhanced 
neutron yield in the low density mode is consistent with pre­
vious work, 3 where it was found that higher potentials for 
beam acceleration exist when the density is lower. 

With pure deuterium two regimes have been observed, 
each characterized by its relatively high or low density at the 
pinch. The regime of operation is determined by the initial 
gas density. A summary of the main parameters measured is 
presented in Table I. 

In the high density regime the pinch occurs at current 
maximum, resulting in an average ion density of 
n0 -2X 1019 cm- 3

. The pinched column radius is rP - l.S 
mm with some plasma left in an anode cloud [Fig. l{a)]. The 
maximum neutron yield was Y - 5 X 107 N/pulse; hard x­
rays (E > 7 5 ke V) were also emitted from most shots. Howev­
er, in 20% of the high density discharges no hard x-ra ys were 
observed. The neutron yield in these cases was substantially 
lower: Y-106 N/pulse. The absence of hard x-rays from 
these shots suggests that the neutrons were of thermal origin 
rather than due to beam-target interactions. 

In the low density regime the column pinches to a mini­
mum radius of about rP -2 mm slightly before (-50 ns) the 

TABLE I. Pinch parameters. 
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FIG. I. Pinched column in pure deuterium. {a) High density regime. (b) Low 
density regime. A dispersed cloud of plasma near the anode (b<mom of 
interferogram) is present in both cases. 
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In both regimes the duration of the neutron pulse is 
-50 ns; the pulse due to x-rays with hv > 4 keV lasted for 
- 35 ns, while interferograms show that the column disrupt-
ed - 10 ns after the pinch. 

The behavior of the Z pinch with deuterium-argon mix­
tures has been investigated. The addition of argon should 
affect the principal characteristics of the pinch, e.g., electron 
concentration, temperature, stability, and radiation. Several 
mixtures have been tested. The results obtained for the 90% 
D 2- I 0% Ar mixture are reported in detail. A summary of the 
main parameters is given in Table I . 

lcm 

(a) 

1cm 

(b) 

lcm 

(c) 

FlG. 2. Interferograms showing the compression of the 90% 0 2-10% Ar 
mixture. The arrows indicate the regions of highest density (The direction of 
the fringe shift is reversed compared to Figs. 1 and 3 ). The separation of the 
plasma into two concentric columns is evident in (a) and (b). (a) 125-ns before 
pinch. {b) 50-ns before pinch. (c) Pinch. 
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In the 90% D 2- l0% Ar mixture the interferograms 
show a separation of the cylindrical plasma into two distinct 
concentric columns. Figure 2 shows the compression of the 
two columns. Since the discharge is highly reproducible, tak­
ing an interferogram on a few successive shots allows us to 
determine the radial progression of the implosion. The radial 
velocities given in Table I correspond to a time - 70 ns be­
fore the final pinch. The actual maximum velocities may be 
much higher. The inner column pinches about 20 ns before 
the outer; the final result is a uniform column over virtually 
the entire gap length, as shown in Fig. 2(c). This is in contrast 
to the dispersed cloud of plasma present near the anode in a 
pure D 2 pinch. 

Sufficient data has been obtained with mixtures con­
taining 95% D2-5% Ar, 90% D 2-10% Ar, and 75% D 2-

25% Ar to determine that as the relative amount of argon is 
increased, the density of the inner column decreases (Fig. 3 ). 
Previous experiments4 showed that during an implosion of 
pure argon very little plasma is found inside the main plasma 
annulus. Therefore, we can postulate that the inner column 
is composed mostly of deuterium while the outer is mostly 
argon. The mechanism for the separation of the discharge 
into two columns is not clear. However, factors which 
should be contained in a model describing this effect include 
the e/M ratio, temperature, and collision rate for each 
species. 

The average electron density of the pinched column is 
ne - I X I 020 cm - 3• Assuming all ions in the inner column 
are deuterium, our measurements indicate that the deuter­
ium ion density is no -6 x 1019 cm - 3_ Interferograms show 
that the plasma remains stable for 20 ns after the outer col­
umn has pinched. Since the inner column pinched 20 ns be­
fore the outer, the lifetime of the D2 pinch is r-40 ns. The 
enhancement of column stability may be due to argon acting 
as a gas blanket around a dense core consisting mostly of 
deuterium. The blanket would tend to damp out surface 
waves in the core plasma. 5 

Since the pinch occurs at current maximum, the voltage 
across the plasma column is zero and LI= constant. Using 
this.fact, the efficiency of converting energy stored in the 
magnetic field during implosion to plasma and radiation en-

1cm 

FIG. 3. Interferogram showing compression of 75% 0 2-25% Ar mixture, 
120 ns before pinch. Note greatly decreased density in region inside main 
plasma annulus compared to Figs. 2{a) and 2(b). The bulk of the plasma is 
located in the column indicated by the arrows. 
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FIG. 4. Typical di/dt curve. 
Energy is transferred to the 
pinched plasma between B and 
c. 

Here, I 8 is the current just before the pinch and le is the 
current just after the pinch. The efficiency can thus be de­
duced from the di/dt curve (Fig. 4). The efficiency for the 
90% D 2-10% Ar mixture was 1Jo,iAr -6% while for pure 
deuterium 1Jo. -3%, a factor of2 lower. 

In conclusion, ( 1) the addition of a small percentage of 
argon results in a more uniform, efficient, and stable pinch. 
(2)The90% D2-10% Ar mixture results in (Nr)0 -2X1012, 
an order of magnitude higher than for pure D2• The opti­
mum mixture has not yet been determined and further in­
crease in Nr may be possible. (3) The neutron yield obtained 
with the present device compares favorably with the results 
obtained in a plasma focus . The yield from a plasma focus 
scales according to Y oc E 2·s.6•

7 Typical yield for a plasma 

focus operating at 93 kJ is Y-3 X 1010 N/pulse.6 Scalingthis 
to an energy comparable to our device, we obtain Y - 2 X 107 

N/pulse. However, in the low density regime the obtained 
neutron yield is an order of magnitude higher. (4) Further 
studies of the separation effect and a self-consistent model 
which will explain it, as well as several other mixtures and 
the resulting effects on column stability, temperature, Nr, 
and neutron yield are under way. 

This work was supported by the Defense Nuclear 
Agency. 

'J. Shiloh, A. Fisher, and N . Rostoker, Phys. Rev. Lett. 40, 515 (1978). 
2A . Fisher, F. Mako, and J. Shiloh, Rev. Sci. Instrum. 49, 872 (1978). 
·'N. V. Filippov and T. I. Filippova, Preprint 80109; I. V. Kurchatov, Inst. 
of Atomic Energy, U.S.S.R. 

'J. Shiloh, Ph. D . Thesis, University of California, I rvine, 1978. 
5W. M. Manheimer, M . Lampe, and J . P. Boris, Phys. Fluids (16)7, 1126 
(July 1973]. 

6 N. V. Filippov, V. 1. Agafonov, I . F . Belyaeva, V. V. Vikhrev, V. A. Grib· 
kov, L. G. Golubchikov, V. F. Dyachenko, V. S. lmshennik, V. D. Ivanov, 
O. N. Krokhin, M. P. Moiseeva, G. V. Sklizkov, and T . I. Filippova, Plas­
ma Physics and Controlled Nuclear Fusion Research (Proc. 4th Int . Conf., 
Madison, 1971) 1, IAEA Vienna 53 (1971). 

1V . S. Imshennik, N. V. Filippov, and T. I. Filippova, Nuclear Fusion 13, 
929 (1979). 

Shock dynamics and neutron production in an explosive generator driven 
dense plasma focus 
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(Received 2 September 1981; accepted for publication 5 January 1982) 

An explosive generator driven dense plasma focus is simulated numerically using a 
magnetohydrodynamic model which includes thermal conduction, resistive diffusion, and 
radiation in addition to the Lorentz force and shock hydrodynamics. It is sho~n that the 
dominant heating mechanism is shock heating. Neutron yield is shown to occur at the current 
minimum. The neutron yield is a result of the initial shock reflecting off the axis of symmetry, 
reflecting off the magnetic piston driving the focus, and reconverging on axis. Peak neutron 
production occurs when post-shock plasma converges on axis. 

PACS numbers: 52.65. + z, 52.30. + r, 52.55.Ez, 52.35.Tc 

The large scale numerical modeling of the dense plasma 
focus has been of interest since the pioneering work of Pot­
ter1 and D'yachenko and Imshennik.2 Potter's calculations 
demonstrated three features of the focus discharge: an anode 
cold source, a hot pinch region, and an axial shock. Most 
recently, Maxon and Eddleman3 described the behavior of a 
focus with a rounded, hollow anode. Although D'yachenko 

and lmshennik and Maxon and Eddleman question the 
quantitative accuracy of Potter's results, the qualitative de­
scription provided by Potter remains valid. Neither Potter 
nor Maxon and Eddleman actually compute the neutron 
production rate and correlate it with the current waveform 
and the shock dynamics of the focus, although Potter gives 
an estimate. 
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