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Abstract In the experiment of this work, high purity halnium (Hf) sample are irradiated with the a 1.064 pm
Nd: YAG pulse laser to generate plasmas in a vacuum chamber, and the soft X ray time integral spectra of Hf
plasma in the wavelength range of 1.0 ~ 8.5 nm under different power densities are measured. First, the atomic
spectrum data of unresolved transition arrays (UTA) atomic spectrum data is calculated based on Cowan program,
and the data are broadened to Gaussian line shape, which is in good agreement with the experimental spectra. Then,
the ion abundances of Hf plasma from Nd: YAG laser with electron temperature ranging from 0 to 500 eV are
calculated based on the collision radiation balance model (CRM). The results show that the abundance of high
valence Hf ions increases with the increase of electron temperature, which is consistent with the experimental
spectral analysis. Comparing experimental and theoretical calculations, it is found that the indistinguishable
transition arrays of 4 f"-4f"-15g of Hf XXI-Hf XXV and 4d"-4d"-15p of Hf XXVII-Hf XXXV are located in the
water window band. Finally, based on MED103, the spatiotemporal evolution of the plasma under the experimental
conditions is simulated, and the temporal and spatial distributions of electron density and electron temperature are
obtained. Through the analysis and comparison of electron temperature and electron density distribution under
different laser power density, the experimental spectrum and CRM calculations results are further verified.

Key words laser optics; laser-induced plasmas; water window sources; unresolved transition arrays; hafnium
OCIS codes 140.3440; 020.1335; 300.6560

B HEI: 2020-01-06; fEE B HI: 2020-02-15; REABAHI: 2020-02-19
EEWAB. bt G A SH RN 5 W db & |8 L5 S IF AR A (201908) )7 AR & oK SE A5 R I ml B g I A
(2019B030302003)

" E-mail: wutao@ wit. edu. cn

191402-1



Wt 5ot T o R

1 5l El

2.3nm Ml 4.4 nm 35K C O B K Uk
W, AE 2.3~4.4 nm PR T E A FREA L
W) 35 3o FRARAIG o K B 35 3 R i — AN B
WO 4 K E” . BB Ry X SR AR R
AR T DR B 14 6 L B A% R ORI 3 4 40 i A
AEMIRESR L K I B AR XS LR H R ME — AT LA
Xof A 3 AR AT JC A0 = 4k 4 B AR A i O 1%
GRS Ll Ik b O B R TR AL S BRI R
o Tk 5 1 A B TR ORI IO 4 B T IR (LPP) &
A R A AN R O R AR T
RIZW X SO IS B A e 2T R
KT RGN IR S A AR B AT T R A I RS, AR
L HEL - J SIOR R A5 At T =X A X O e SOl TR
A ) 8 R AR B T AR R R A 3 B AT DX
T 1A A 0 A R R AN I A R AT DR S AR
16 FLAS 2 %60 20 it s A 3 . H A XS 4R i 1 38 O
U5 B [ AR S OGRS T
POCIEFBOCEE FAOLIR . TR A A b
HL IO IR R B P K A A% B S, AR E R — i S
e A . TR AR R RO SR B TR R X
SEOCIREA RN A M AT B 5 59 i BE v P A
PRI 1R E i 7K B GO TR BRI . IRk O
BB TR 5 R A B TR G IR A L L 38 LA OB/
RSP SCAR A G R L AR 3 B 1R L G R AR S ok A AR A7
g [7o) 0 A5 A 2R, DR T oy e AR A 15 K 7 A O R

E PR X FALZ0h 208 Z e R Ot % Tk
YER KB IR T AT S B TP R 5 B LR R T
SRR Y Jansson 2R Tl MK S TR OGS R
FRAE 2. 48 nm &b (1 78 4 55 G 5 BB 4 T 14 A
SEA LSBT LR MY X G 2k W RORUR K B O
Ui XA 2 D B A SRR S AR T L S TR
ARG X SR OSSR AR 2 L 23 BER AT IR F) 25 nm,
WHIMRA A Osullivan 2/ SR IF R T Z 0K
FfE Z TR WGSBS IR AE K 0 X S 2 ny otk
HIERFST . Li & R R B 5T iE SCR L 4 (Au,
Z=TO &R (B, Z=83) ZILEN An=0,4p —
dd +4d — 4 f AT 5 BEIR AT 0 2% 7 8 7F I K JE 4 1)
KB B, HA TS K2 Higashiguchi 2
WIFRE T Nd: YAG BOLES Bi 55 5 A3 X 4
TR AR S IR T IR T K S O R Y AT
k. Zakharov!'™ Xt 8% (Z = 41) LPP 15 /K % 3% Bt
(R IR T AR T R SR LIRSS T B LPP B AE oK

SR BT A1, 2018 4F, RSN RS T OB %
B TR AT 2 PR T W CUTAD 45 SRR i 52 36 5
HUS I 78, 3R A5 T — S5 28 L4 SR, AR ORI
Nd: YAG #0675 S 45 80 7= £ 8 7k, k8 T
1.0~8.5 nm I B 1Y 52 56 9635 6 5256 6% 5 i
FIETE I B A5 FL 25 F AT X o BT, BF T
THOCERSF B TR AR X IR R R S R R SRy K
ARG IR B T AT

2 SEEERSY

STES SR Q Bk Nd: YAG O %%, 52 4
BHoREEME 1 R, BOGHRMNE 1t Nd: YAG
HOCH RS LA O K5, @t EFEN 10 cm AR
B (S 3) I BAE e s s Ny IRDE. HE $E I
B ERAN 30 pm, FRbEOEHE KA 1. 064 pm.,
2 4 G5 (FWHM) 4 150 ps, fie K Bk e fig &
220 m] . FEAS AR O K v TR R K b v BE
B 38 2k 5 Y e ke O B g i RO
HIRBEEEAE 4.9 X107 ~1.8X 10" W « em ™ * U [
WAS A, A RS Bl 20 i AL AR O B A E B L (AR
BEA Ik b VR FIAE 425 ) 0 T DA AR A5 A (R A 55 2 1A
A 5 2R FH 22 RN i IOV 24 19 T 4 e S 4 A 1Y
APEEME . I AR S BB E S A GO T 0 2
30T RALE B 20 4 % B O 2400 mm ' A EEA
SHEMHE S S A 75 B X GF2k CCD (X 6) Il
7% 1~8.5 nm BB WOL HE 8 TR rt 1 FL 0 &
SO .

SC R BOG A S SN, SRR CLS
N S5 F A RE LR HI 2558 F OG5 HE 17 bR 2 A

K, B2 proach 4 B RMER O R E
Oy

1—vacuum pump; 2—Hf planar target;
3—lens; 4—150 ps Nd: YAG laser;
5—spectrometer; 6—CCD; 7—computer;
Bl 1 Nd: YAG BOGTE 85 5 T WO 516 1% i
S R A
Fig. 1 Schematic of experimental setup wused for
measurements of radiation spectrum of Nd: YAG

laser-produced Hf plasma

191402-2



Wt 5ot T o R

FEH R S 8oeisat f. WK 2 aTRLE L #0E HE
LB TR OIS TE 1. 0~8. 5 nm I B A W AH AR
F10) 552 58 4 Bt OB B L A BIAR AE 2. 0~4. 5 nm il 5. 0~
6.5 nm P B, Bl bk oh IO D S B A 18 0 L 4R S
W F 5 32 P 0 i, LA S 0 1) 0 B G B A A, T
DL B, L v — A 4 S i LT 429 Ak A K D B
(2.34~4.38 nm) ., AT, HE A BAE 0oL
BT K B 6 TR B 5 e

18><105
' 49X 10" Wem?
m 1.6} 3.7X10° W/em? | \
£ 14} 2.8X10° Wem? | |
5 1o} 18X10¥Wem | |
£ 1 M, I
S A
> F [ R IFRY
&;J I [ ) \
E 04r N\
021 ;“/v hiee NPV 4 N S
0 " ) ) . . = —
1 2 3 4 5 6 7 8
Wavelength /nm
Pl 2 Nd: YAG BOEH B FHR1.0~8.5 nm BBt
i 5 S 50 06 1

Fig. 2 Experimental spectra of Nd: YAG laser produced

Hf plasmas in the 1.0 nm to 8.5 nm wavelength region
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Fig. 3 Comparison of theoretical calculation spectra and

experimental spectra of Hf XIV-Hf XXV
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Fig. 4 Comparison of theoretical calculation spectra and

experimental spectra of Hf XXVIII-Hf XXXVI
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