Characteristics of soft x-ray emission from
optically thin high-Z plasmas in Large Helical Device
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Introduction Results & Discussion

The bismuth (4;BI) laser-produced plasma (LPP) was proposed as a
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demonstrated the 3.2-nm emission from highly charged Bi ions with T_ = § ¢ 3
2.5 keV [3]. This disagreement between theoretical and experimental 1 f%&hﬁev N o
: : : > ¢ x L _
results suggests to evaluate and modify the theoretical calculation by 22 & K S 6f | 200
using benchmark experimental data with optically thin plasmas. e kS u: Au B 400
A el o PR R N B B
L%, s 4.0 4.5 2.U gijio 35 40 4.5 ° 50 60 70 80 30600
....................... Wavelength (nm) R [m] Atomic number
= - A ;j?f}?; S Fig. 5 LHD emission spectra and spatial temperature Fig. 6 Atomic number dependence of
S oo, || R ot distributions for Au ,Pb and Bi. Dotted lines show the peak wavelength of 4-4 UTASs in
‘9; ooal | - 9 el 2688 background LHD spectra just before TESPEL injections. LHD and LPP spectra [4].
E 003 5T [ T “‘ﬁ:ﬁ ] 1A aavaseape
_9 o Q oM 2.311
< 0024 A :—: e ~2.246
g 001l _‘E\ “JJM'MLM 2;2; 1:_TTTIIllllllllllll;ﬁ\]TTlll_: 1}TTTI""I""I'JJ:\r.-"'lTT"I_: 1;TTTI"."I""I""l'T"I_:
% 0 .l E ' A =2 0.8E pS;LPP " 14 2 ;""Ili ﬁ’m : 0.8Z pS;LPP i 14 2 frﬁ; lln”‘a : 0-85 pS;LPP ’ 14 2
Y 1500 N 1.945 ] l,=1.6x10" W/cm / \ ; ] l,=1.6x10" W/cm R 1 ] l,=1.6x10" W/cm
ﬁ«: - 05 M, v/ ,’: o5k 6]
g I o N 1775 . 04L %"‘W M J»"' y 0.4 Lm"""-‘m.w A J"”m,k} 04L
Mivalntrbppnapaet O """""Mle~m19,mmmA’ 1480 i) [AT] 30104524p040110 © L e i ] © [ ' .\,uw»"k”w“‘v’ww»»'“j w"“m o L
° Wavelength (nm) 435 € 02f E 02| b o § 02f
3 35Wa\4,e|eng4f;/nm5 5.5 %? | | | | | %??}::::I::::l:::::l_ %0_ | | { | :
: . : _ . . _ o L #118702-f14 | o L #118696-f14 fi @ 1; #118689 - {14
Fig. 1 Calculated spectral variation as a function  Fig. 2 Emission spectra of Biions in EBIT [3]. £ g TESPEL:AU . £ oaf TESPEL:PD 1 1 & 5[ TESPEL:B
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The Large Helical Device (LHD) Is a large-scale facility for o W S
magnetically confined torus plasma with high-T, (> 1 keV) and
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optically thin (electron density n, = 1012-10'* cm-%) conditions. The . e Hoicngh
controllability of T, and n_, that can be measured directly and Fig. 7 Comparison of LHD plasmas with ps-LPPs for Au, Pb and Bi. Black lines show

precisely produces benchmarking experimental data background LHD spectra just before TESPEL injections.

_ » Peak wavelength of UTAs (A1) for n =4 - n = 4 transitions depends on
Experimental setup the atomic number. (Quasi-Moseley’s law [4]).

* The 3.2-nm emission of Bi ions were not observed as a prominent one.

Magnetic field : 2.75 T
N O < e >  Plasmavolume: 30 m* « Comparing with LPP spectra, some structures were weak or missing in
NBI#2 N4 o i el LHD spectra due to the difference in excitation processes with low-n,
I:}: y o g and high-T, (LHD) and high-n, and low-T, (LPP) conditions.
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« 2-m grazing incidence Schwob-Franchel spectrometer

. 600 grooves/mm grating * While the data with low-n_, and low-T, Is necessary to say In detalil, the

* Observed wavelength range: 2.5-5 nm ( available range: 1-35 nm) . - - - - :

. 2 micro-channel plats with phosphor screens and a photodiode array 3.2-nm emission in previous calculations Is considered as a result of an
overestimation of the inner shell excitation processes.

» Characteristics of soft x-ray emissions were investigated for optically thin
high-T, LHD plasmas with Au, Pb and Bi.

Fig. 3 Schematic diagram of LHD and main characteristics.

* Quasi-Moseley’s law Is useful in the estimation of appropriate elements
for soft x-ray and extreme ultra-violet light sources at a specific
wavelength. .

1488

— 1000
= BOOD

_

« 800
= 400

|. A. Artyukov et al., Micron 41, 722 (2010).

T. Higashiguchi et al., Appl. Phys. Lett. 100, 014103 (2012).

H. Ohashi et al., J. Phys.: Conf. Ser. 448, 062017 (2014).

H. Ohashi et al., Appl. Phys. Lett. 104, 234107 (2014).

J. Sugar et al. J. Opt. Soc. Am. B 10 13212, 799, 1977¢ (1993).

References

Pellet injection

Fig. 4 Typical time sequence of each parameter in the LHD operation.
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