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Z-pinch in Argon Filled
Capillary

Comparison of Computer and Experimental Results

¢ MHD simulations
¢ Soft x-ray emission evaluation
¢ Dependence of SXR on pressure

PPSMM 2001



CAPEX - 1PP AS CR

Experimental setup

Spacer Rogowski coil Window
Insulator Fast pulse valve Pro’_tecting
or needle valve filter
M | /|
Gengrr;(tor = _ -;:;:;: | —To detectors
| Orifice |
Oil SFg Water Capillary il Bellows l
Fast capacitor ~ Spark gap  To vacuum pump To vacuum pump

PPSMM 2001



Introduction

X - ray laser pumping, based on the Z - pinch capillary
discharge, is determined by time dependence of plasma
electron density and temperature.

Choice of capillary radius
Wall material

Gas filling pressure
Parameters of electric circuit

Theoretical analysis of the Z-pinch evolution in argon
filled capillary of CAPEX experiment and comparision
of time dependencies calculated and measured of X-ray
emission is presented.
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MHD simulation, code NPINCH

We used one-dimensional, one-fluid and oY o % L dp g oo
. dt _—a——_ _5_ rr— rr— log /),
two-temperature MHD equations: rd ¢ ra ’
dp . ;19
dr prar(‘”)’ @
lasma motion 4B _ c0px
P . . ’ dipr ~ prarE‘ ’ 3
continuity eq., de, 0.2,
Maxwell‘s eq., deror @
. e 13
energy conservation laws for electron = JE = 15,0140 = Qo+ CulTi= T.).
and ion components de; p; v v

d
PE + "Ta—r(’”V) = C(T,-T)- Hrry - 7“(»‘0' &)

The dissipative processes, ablation and ionisation of the wall material are
taken into account. For the equation of state and the degree of ionisation,
the approximation of LTE of the electron and ion components is used.
The initial state of the wall material is represented as a cold neutral gas
of high density.
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Measured discharge

Egs. as a driving term.
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Motion of Plasma Elements
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Motion of Plasma Elements
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Space—time dependencies of N, T, and I
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Evaluation of soft x-ray emission

Radiation losses Q_ (Zeldovich - Raizer formula):

0 - Stefan-Boltzmann constant
4 )
40 Te |, - Rosseland free path, which
| takes into ccount free-free and
R bound-free transitions

Q, =

_ 2 |77 Nem, AT? 1 eXp_ﬁ
2 € p (j+1) T,

where | 1s charge number of the most abundant ions;
m, is the atomic mass; A 1s the mass number of atoms;

The total power W(t) of the radiation losses is obtained

by integration of the value Q, over the plasma volume.
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Radiation emission evaluated and measured

¢ Axial x-ray emission measured by PIN diode (17-70 nm)
¢ A good correspondence between evaluated emission (green line)

and measured broadband SXR (black line)..
¢ Peak emission at the pinch time
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Dependence of SXR on pressure
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Pressure dependence

Current waveform is insensitive to the pressure changes
X-ray peak emission appears later for higher pressures

MHD simulations and experiments give the same dependencies of
the SXR peak time on the pressure

SXR peak time is very near to the pinch time
Scaling law of the characteristic time of Z-pinch evolution is

1 1
— 2 n4
o —constal Zp

max

t

c

¢ Pinch time is proportional to o

¢ The curves p = At*were used to interpolate the position of the peak
emissions in the p-t experimental diagrams; values A_= 4.15 .10
and A,=1.01 .10 were found.
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¥ Conclusions

¢ The comparison of spectrally integrated radiation
emission measured and calculated for various
experimental conditions of CAPEX device proves
the validity of our extended MHD computer code.

¢ Scaling law for pinch characteristic time 1s
confirmed.

¢ The observed and computed peaks of SXR
indicate the plasma compression and heating
during the pinch, but generally they do not prove
the laser action.
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