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Experimental Setup

Detection
Chamber

Xenon filled Alumina capillary

Two capacitors banks configured
ina Blumlein fashion pulseforming line

High Voltage

Fig. 1: Experimental set up (GREMI-ESPEO Orleans)
1 - Knob capacitors, 2 - Gas inlet, 3 - Capillary,
4 - Fast switch, 5 - to Detection chamber
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Measured X-ray emission spectra

Time resolved spectra from 1.0 mm dia 10 mm long alumina capillary at 0.5 Torr Xenon without

conductance at 15 kV
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Current waveforms

Electric current profiles measured for
Charging voltages 28, 24, 18, 15 kV.
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U1s ﬂ Fitting formula entered to MHD code:
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NPINCH Code

Input parametersto 1d - MHD code one-fluid and two-temperature
plasma model of capillary discharge

Initial Initial Initial Re
Case Voltage Pressure Density lo to t1 marks
[kV] Po [mbar] [gem’] [KA] [ns] [ns]
u28 28 0.66 3.474e-6 6.605 85 867.1
U24/p66 24 0.66 3.474e-6 5.556 85 966.5 Spectra
/p53 0.53 2.782e-6
/p33 0.33 1.737e-6
/p13 0.13 6.948e-7
uis 18 0.66 3.474e-6 4.314 85 723.4
U15/p66 15 0.66 3.474e-6 4.761 85 182.9 Spectra
/p53 0.53 2.782e-6
/p33 0.33 1.737e-6
/p13 0.13 6.948e-7
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U,= 15kV
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Dependence of the Plasma Properties

on the Charging Voltage and Filling Pressure

Overview
Initial Energy Maximum Initial Initial Density Initial
Case Voltage stored Current | Pressure P Concentration lo to t;
kvl | [ [kA] | pombar] | [g/cm’] [em? | ka] | [ng | [ng
A 28 6.3 6 1.0 5.263e-6 2.410% 653 | 85 | 986.4
B 28 6.3 6 02 1.0526e-6 4.8 10° 653 | 85 | 986.4
C 12 1.2 2.6 1.0 5.263e-6 2410 480 | 8 | 1231
D 12 1.2 2.6 02 1.0526e-6 48107 480 | 85 | 1231
Pinch Compression Electron Electron Average
Case| Time ratio Temperature | Density lonisation | Remarks
t,[ng] 0/po Te[eV] Ne[cm™] State Z
A | 48(62) 2.89 21.8 9.30 10" 13.2 double pinch
B 38 12.75 95.1 1.83 107 29.7 high compression, hot
C 30 1.97 18.4 4.33 10" 9.0
D | 37(51) 2.71 37.3 2.42 107 16.7 low compression,




Space-time Dependences of Compression
Ratio p/p,
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The peak value of compression ratio increases with increasing current (initial voltage)
and with decreasing filling pressure. The highest valueis 12, the lowest about 2. The
pinch effect is the most profound for low pressures and high voltage (case B).



Space-time Dependences of Electron

Temperature T
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Local plasma electron temperature increases with the increasing current density.

Peak temperatures are higher than 20 eV in all investigated cases. The highest



Thermodynamic and Radiative Plasma Properties
IONMIX Code

Input parameters. plasma temperature, nuclei densities, ionization potentials
| onization state is sensitive to changes of plasma temperature not to initial pressure. If plasma
temperature is 20 €V the ions Xe?* prevail, for 50 eV Xell*, Xel?+, Xel3* jons are expected.
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Bohr-like Model for Xelons

1 T Energy of any ion with outermost electron

_— | = || —/—— resdinginshell n: E ;=- @ (ny/n)? n2n,
e T A N, isprincipa quantum number of outermost
- electron in its ground state, @ Istheionization
T T e T T e potential of the jt ion.

Wavelength corresponding to Lymann—and Balmer - like transitionsfor various Xeions

lon xe | Xe® | xX& | xe | xe¥ | X | X | Xe® | Xe* | xe” | X | xe* | xe*
@ [eV] o8 112 170 [ 22| 28 | 264 | 24 | 35 | 38 | 339 | 42 452 572

No 5 5 4 4 4 4 4 4 4 4 4 4 4
A [nm] 414 3.1 202 | 171 | 148 131 117 106 9.6 838 81 7.6 6.0

Ag [NM] 68.6 9.9 371 | 314 | 273 241 215 195 177 16.3 151 140 11
2?6 | 114 | 725

e




Spectral Emissivity
Kirchhoff — Planck” law:

n(A) = k(4) . w(A)

k(1) is the spectral emission coefficient (line part calculated by
IONM X code) and continuous part for plasma temperature T :

wW(A) =8zhc 1 1
2 epC 1y 1
KT A

Maximum value of W(A) corresponds to Angdnm]=442/ T [eV].
For Anax = 13 nm, shouldbe T=34¢V.
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Calculated Spectral
Emissivity
for varioustemperatures

Temperatures T=20-70 eV and initial atom
density N = 3.1017 cm™ according to the
experiment and results of N-pinch code

Lyman-like transitions A4, = 14.8, 13.1, 11.7 nm
are identified for ions Xe'® - Xe'?* at temperatures

35— 60 eV. The higher is the plasma temperature

the shorter wavelength of Lyman-like transition for

higher ionized ions is seen.

For lower temperatures the recombination edges
(free-bound transitions) at Aggee= 12.6 and 11.0 nm,
corresponding to Xe®* and Xe™ are apparent.




M easured Spectral
J | ntensity

for varioustime delays

Three emission peaksat 11.7,
13.5 and 14.7 nm correspond to
Lyman-like a transitions of
Xelz Xell* Xel% jons.
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Thetime evolutions of their
amplitudes are interpreted as thetime
changes of theion concentrations.
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Conclusion

For experimental values of electrical peak currents| ., = 2.6 - 6.3 kKA
and Xe pressure p, = 0.2 - 1 mbar

* The evaluated pinch effect isweak,
e Temperaturevariesintherange Te=36- 167 eV,

e Three observed emission peaksat 11.2, 13.5 and 14.7 nm
correspond to the similar quantum transitions of adjacent Xel4+,
Xell*  Xel%*ions,

* Time changes of peak values of spectral lines during a shot
correspond to the ssmulated plasma temperature evolution.
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