37" EPS Conference on Plasma Physics P1.331 1
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Abstract. Numerical study in the field of developing capilftatischarge pumped EUV lasers on hydrogen-like,ions
carried out in the Institute of Plasma Physics Acal. and Czech Technical University Prague, esented. Results
of simulations for capillary filled with carbon areported and compared with previous ones achiémetoron and
nitrogen filled capillary. Computer modelling ofstacapillary discharge is performed to investigateew laser active
medium created by exited hydrogen-like carbon ile&ling to lasing at the wavelength 18.22 nm. Rdstoation
excitation of the carbon ions is expected in theanoooled pinching plasma created during the expamshase of the
pinch. In all cases, the same nonablative capileithi radius of 1.6 mm is presumed and the curpege with peak
value 50 kA and current slope varying between 1#*20s* to 2*10'2 A.s* are taken into account. Evaluated pressure
optimized gains 2.2, 1.58, and 1.4 tare found for carbon, boron, and nitrogen fillegpidary, respectively. Spatial
gain evolution is calculated for optimized case.

1. Introduction

Non-stationary plasma of a fast capillary electritiacharge was studied as a potential active nmediu
for a soft X-ray laser [1]. The aim was to achive aptimum set of characteristics for lasing at 1182
wavelength H-like carbonin an alumina capillary and to compare the obtaetdbf characteristics with
previous rusults for oxygen, nitrogen [5, 6] anddso[9] respectively.

Capillary pinch dynamics is determined by many ctelg parameters: capillary geometry (radius and
capillary length), the substance of the capillargliwthe substance of the gas filling (differenbraic
numbers), the initial filling pressure and the &ieccurrent time dependance. This dependanceariticplar,
is given by an electric circuit which is joined tthe capillary. A capillary discharge Z-pinch agtias a
medium for a soft X-ray laser uses ASE, the “Ariipti Spontaneous Emission” effect, and electron-
collisional recombination pumping [3]. The main iaéte for ASE is the gain, and the most importasdlg
of this paper is to find specific parameters ofpiltary to obtain the maximum gain, see also [9].

It was assumed that ablation from inner walls haly an imperceptible effect, therefore, it was not
included in the calculations [8]. The capillary ehiarge plasma quantities were calculated by mehatigeo
NPINCH [2] code under the one-dimensional, two-terafure, one-fluid MHD approximation. The output
data was then processed by means of the FLY [7&,catlich enables the creation of a history filehaf
population on the individual levels along the dapyl axis. On the basis of the populations histting, gain
and the gain history can be calculated. Optimimatteelf involves searching the maximum in the four
dimensional space of the parameters. Two parametiate to the current-impulse shape, the thirdupater
is initial density (or pressure), and the fourththe radius of the capillary for selected elemeRiasma
behaviour is modelled for the capillary radius=R1.6 mm, the current pulse specifiedthg current slope

dl/dt“:o and |ax [4]
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2. Results of numerical modelling

2.1 Gain dependenceson thefilling pressure
The results forplax = 30 kA, hax = 40 KA,  were fitted by this function and the deviation

max = D0 KA, and }ax = 60 KA are in Fig. 1-4. between the calculated data and the fitted
The maximum gain value {3, the current function was minimal.

slope dl/d{=o, initial carbon density N the

. .. . Imax | dl/dtj=o No t)max temax Gmax
time of achieving the current maximungak, KA | As om® ns ns om
and the time of achieving the gain maximum{30 | 1.001¢" [1.416"] 50 3 0.046
_ _ 40 [ 15016°|2.210"] 53 516 | 0.68
temax are situated in the Tab. 1. The calculateds0 | 1.751& | 3.2 13" | 47 48 2.21
. 60 | 22516° | 4.110" | 436 | 44.4 3.37
data resembled the Gauss function, so th

Tab.1. Parameters for optimal setting

0,05 25
di/dt|_, (Als) di/dt|_; (Als)
4 0.750*10" A4 1.00%10*
0,04 - 4 0923710" 20k 1.25%10"
4 1.000%10* ! 1.50*10"
1.250*10" a4 1.75410"
4 1500107 o~ 4 200710
< 0,03 |- gauss fit ‘e 15F gauss fit
g gauss fit S gauss fit
=~ gauss fit x gauss fit
g gauss fit E gauss fit
o 0,02 | gauss fit o 10| gauss fit
Lo
0,01k 0,5 /
L $ L L L L
0.00 - e A 0,0
, 15 2,0 25 3,0 3,5 4,0
0,5 1 2,0

1,5

N, mo*(em?)

Fig.1. Maximum G against initial density for various Fig.3. Maximum G, against initial density for various
current derivations at]o,x= 30 KA. The datais fitted by  current derivations at|.x= 50 kA. The data is fitted by

N, x 10" (cm™)

the Gauss function the Gauss function
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Fig.2. Maximum G,ocagainst initial density for various Fig.4. Maximum G, against initial density for various
current derivations atlox= 40 kA. The data is fitted by current derivations at.x= 60 kKA. The data is fitted by
the Gauss function the Gauss function

2.2 Comparison of the optimized gain for various atom gasesfilling
We report here results of computer optimizatiortha capillary pinching discharge system

with boron, carbon, nitrogen and oxygen gas fillilge model takes into account four parameters
of the experimental apparatus: capillary radigs=R).16 cm, peak value of the current pulsg +

50 kA and hax = 60 kA, variable initial current slope dlfgd, and variable initial atom densities.N
Changing the initial pressurg fnitial atom Ny or mass densitigg and) for every gas fillings, the

pressure optimized pinch (using Mhd code NPINCH} waaluated. For higher atomic number Z
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the pinch timetis shorter and better compression rakifp, is achieved. The electron temperature
Tep and atom density &,on the capillary axis at the pinch time increasés wigher value of Z
(see Tab. 2. and Tab. 4.).

The characteristics of optimized laser active meftia our selected gas fillings are
summarized in Tab. 3. and Tab. 4. The gain is detexd according to G gsim Ny F, whereog;im is
cross-section for stimulated emissidt, is the upper state density and F is inversionofafg],
which are in the tables evaluated at the tig@. when the value G is achieved. It can also be
seen in the tables and in the Fig. 6., thai t(current maximum time) for optimal settings are
closest to dmax The difference timegtfrom betweengtand tmax is decreasing with increasing Z.
The Fig. 5. shows that the gain profile width meiis shortened with increasing Z.
| max = 50 KA

Element [Z | A No Po dl/dty=o tp Po/Po Tep Nep
cm?® g.cm’ Als ns eV cm?®
Boron 5| 10.81 5.1 10 9.1581 10 150 16° | 50.4 113 79.3 2.30 10

D

Carbon 12.01 3.2 10 6.3841 10 1.75106° | 45.6 178 101.8 2.85 10
Nitrogen | 7| 14.01 2.3 10 5.3522 10 2.0010° | 40.2 214 139.7 2.95 10

Tab. 2. MHD parameters of pressure-optimized pingh (¥ 50kA)

Element Z A Ostim i max ty tomax Ny F Grmax
nm cnt ns ns ns cm® cmt
Boron 5 26.2 39918 |555 10.4 60.8 1.35 10 2.92 10" 1.58

Carbon 6 18.2 2.97 19 47 2.8 48.4 2.30 10 3.21 10 2.21
Nitrogen 7] 134 2.18 19 41 1.6 41.8 1.67 10 3.88 10" 1.41

Tab. 3. Characteristics of optimized laser active medjg,& 50kA)
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Fig. 5. Behaviour of inversion function F and gain (cm Fig.6.Comparison of achieving time of maximum gain T

! for optimal parameters and for various elemeig,( and curren T in dependence on dl{ds for boron,
= 50 KA). carbon, and nitrogen {x = 50 kA).
| max = 60 KA
Element Z A NO Po dl/dth:o tp pp/p() Te,p Ne,p
cm?® g.cm® Als ns eV cm?®
Boron 5| 1081 5.810 10.411 10 22510° | 448 | 684 85.8 1.59 10
Carbon 6| 12.01] 4110 | 8.1796 10 22510° | 41.2 | 165.1| 107.3 3.39 10
Nitrogen | 7| 14.01] 2.810 | 6.5100 10 2.2510° | 384 | 2342| 149.7] 3.9310
Oxygen 8| 16.00] 2310 | 6.1106 10 22510° | 37.8 | 353.6| 171.2 5.69 10

Tab. 4. MHD parameters of pressure-optimized pincha(¥ 60kA)



37" EPS Conference on Plasma Physics P1.331 4

Element z A Ostim t) max ty tamax Ny F Gmax
nm cnt ns ns ns cm? cmt
Boron 5 26.2 3.99 18 43.6 8.7 53.5 1.7 10 0.247 1.65
Carbon 6 18.2 297 19 43.6 3.2 44.4 4.1 10 0.272 3.37
Nitrogen 7 13.4 2.18 18 43.6 2.1 40.5 49 1o 0.298 3.15
Oxygen 8 10.2 1.78 10 43.6 1.3 39.1 2.2 10 0.425 1.68

Tab. 5. Characteristics of optimized laser active medigxE 60kA)
2.3 Off Axial Gain

Following the plasma parameters along the *°—— 7 7 [;5
plasma trajectories, the off axial gain may be i: G [em
also evaluated. The values of electrogn axd 5 10f 1
temperature dalong the selected plasma tube ? Z
are used as input data for the FLY code. Gain5 a ]
along the plasma tube is evaluated in the same 2| 1

o LIS

way as along the capillary axis. The result of ~ *° ** * “¢ fmes[c;slsz 54 56 58
| Fig.7. Radial and time evolution of the gain evaluated
for carbon filling and parametersg\: 3.2*10' cmi®,

parameters is seen in the Fig. 7. difdto = 1.75*10 A/s, b= 1.6 mm, andlax= 50 KA.

radial-time evolution for the carbon optima

Conclusion
The optimal conditions with carbon filling for aelwing maximum gain for initial density and electric

current pulse shape have been obtained for cumarima }ax = 30 KA, kax = 40 KA, hax= 50 KA, hax=
60 KA, and capillary radius r = 1.6 mm. The achi@eagain is higher than that with nitrogen, or botut
initial current slope dl/gt, have to increase with increasing Z. That alsoertsshigher demands for used

electric current source.
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