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Abstract. We report the observation of strong line emission from Ni-like Cd ions in a capillary discharge 
plasma. Spectroscopically pure Cd vapor was produced in a room temperature environment utilizing a 
capacitive discharge. The metal vapor was injected into a capillary channel where it was subsequently excited 
with filst current pulses of up to 200 kA These results open the possibility of observing laser amplification in 
the 3d94d-3<f4p line ofNi-like Cd at 13.2 nm and in laser lines of other Nickel-like ions in a discharge-created 
plasma. 

Large amplification in capillary discharge-pumped ultrashort wavelength lasers has been achieved in 
several elements at wavelengths ranging from 46.9 nm to 60.8 nm [1-3]. In particular, a tabletop Ne-like 
Ar laser operating at 46.9 nm has produced the highest average power reported to date from a soft x-ray 
laser, 3.5 mW [4]. This laser has been successfully utilized in numerous applications [5]. There is 
significant interest in extending the operation of these practical discharge-pumped collisional soft x-ray 
lasers to shorter wavelengths. This will require, in most cases, the use of lasing materials that are solid at 
room temperature. We have previously demonstrated that it is possible to generate large amplification in 
capillary discharge sulfur plasmas generated by ablation of solid sulfur [2]. However, the extension of 
this scheme to significantly shorter wavelengths requires the excitation of plasmas produced from 

·elements heavier than argon and much larger discharge powers. For this purpose, we have developed a 
high power capillary discharge designed to generate the hotter and denser [6]. This pulsed power 

·generator, that consists of three pulse-compression stages, produces pulses of up to 200 kA with a I 0-
90% risetime of typically 12-14 ns. In this paper we discuss progress in the generation of highly ionized 

. cadmium plasma columns for amplification in Ni-like Cd. In this scheme Cd vapor is generated by a 
• secondary pulsed discharge and is injected into the capillary channel where is excited by a fast current 
pulse. XUV spectra of capillary discharge Cd plasma columns excited by 170-200 kA current pulses 
show dominant emission from Cu-like and Ni-like ion lines. Emission from 3d94d-3d94p Ni-like Cd lines 
bas been observed. These results suggest a ~h power capillary discharge might be capable of exciting a 
Ni-like Cd laser operating in the 3d94d 1So-3d 4p 1P1 transition at 13.2 nm. 

The plasma columns were generated exciting a capillary channel filled with Cd vapor with the fast 
I current pulse produced by a pulse power generator consisting of a three-stage pulse compression stages. 
The pulse generator has been described in a previous publication and consists of a Max generator, a water 
dielectric capacitor and a Blumlein transmission line [6]. The Marx generator is used to pulse charge the 

as s:·· J 
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water capacitor in about 1 !J.S. In turn, the water capacitor is discharged through an spark-gap filled with 
SF6 to charge a radial water Blumlein transmission line in about 0.1 !J.S. Seven simultaneously triggered 
spark gaps located in the outer diameter of the Blumlein are used to rapidly discharge the transmission 
line and produce current pulses with amplitude of up to 200 kA and a risetime of less than 15 ns through 
the capillary load. The capillary channel is located at the axis of the radial Blumlein. Cd vapor is injected 
into the capillary throughout the hollow anode electrode of the capillary discharge. All the data reported 
herein was obtained using polyacetal capillaries with diameters ranging from 4 to 5.7 mrn and 2 ern in 
length. The Cd vapor is produces by a metal vapor gun that was designed to produce metal vapor in a 
room temperature environment by rapidly heating a cadmium electrode by discharging a capacitor. 
Figure 1 shows a spectra of the visible/ultraviolet light emitted by the Cd vapor jet produced by this 
auxiliary discharge. All the strong features in the spectra were identified to correspond to either first or 
second order of neutral Cd transitions. No significant impurity lines were observed, an indication that the 
Cd vapor jet produced by this discharge is of a high purity. 
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Figure I. Visible spectra of the emission from vapor produced at room temperature by a capacitively 
driven discharge containing a Cd electrode. All the lines observed in the 340-700 nm region correspond 
to Cd I, an indication of the high degree of purity of the metal vapor produced. 

End-on spectra of the capillary discharge plasma were obtained using a 2.2 meter grazing incidence 
spectrograph provided with a with either a 600 or 2400 lines per millimeter gold coated grating. Time 
resolution of about 5 ns was obtained by gating a multichannelplate intensified detector. Figure 2 shows 
an spectra of the Cd capillary discharge plasma for the 23-26 nm region. The spectra corresponds to a 
discharge in a 5.7 mrn diameter polyacethal capillary excited by a current pulse of 196 kA peak 
amplitude. Many ofthe dominant lines are identified to correspond to the Ni-like and Cu-like ionization 
states ofCd [7]. All the Ni-like Cd lines in this spectral region are 3d94p-3d94s transitions. Figure 3 is a 
spectra covering the 17 .2-18.4nm region. In this spectra strong line emission is observed from 3d9 4d· 
3d94p lines ofNi-like Cd at 18.02 and 18.03 run. This results shows that a fast capillary is capable of 
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j exciting the 4d levels of Ni-like Cd, suggesting this type of a high power capillary discharge might be 
capable of generating amplification in the 4d-4p line ofNi-like Cd at 13.2 run. 
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Figure 2. On axis time resolved spectra of a Cadmium capillary discharge. The peak current was 196 kA. 
The spectra was obtained 31 ns after the beginning of the current pulse. 

In summary, we have demonstrated that a fust capillary discharge is capable of exciting line 
emission from Ni-like Cd ions. Spectroscopically pure Cd vapor was produced by a secondary discharge 
and injected into a capillary channel where was excited by fast current pulses of up to 200 kA. Soft x
ray spectroscopy of the capillary discharge plasma identified line emission from numerous Ni-like Cd ion 
lines, including 4d-4p lines. This is the first time to our knowledge that line emission from twenty times
ionized ions is observed in a capillary discharge plasma. This results open the possibility of observing 
laser an1plification in the J= 0-1 4d-4p line ofNi-like Cd at 13.2 run. and in laser lines of other Nickel
like ions in a capillary discharge plasma column. 
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Figure 3. Time resolved spectra of Cd capillary discharge in the 17.2-18.4 nm region. Line emission from 
the 4d- 4p lines ofNi-like Cd at 18.02 and 18.03 nm is observed. The capillary diameter was 5 mm 
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