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Spectrum analysis on laser-induced air breakdown

plasma parameters

WANG Gui-xia,SU Jun-hong, XU Jun-qi, WANG Qing-song
( Department of Photoelectric Engineering, Xi’an Technological University,Xi’an 710021, China)

Abstract; The electron temperature and density of air plasma have important meanings for researching the process of
laser-induced air breakdown plasma. A nanosecond Nd:YAG laser with a wavelength of 1064 nm is used. When the la-
ser is focused on the atmosphere it will produce a plasma flash. The spectrum of the resulting air breakdown plasma is
collected using a Avantes — ULS3648 spectrometer with nine separate channels. The changes of electron temperature
and density of the plasma at different delay time are studied by spectral analysis. According to the spectrum of a given
element with different peak positions, the electron temperature of the plasma can be obtained by employing the intensi-
ty comparative method, and the electron density of the plasma can be obtained by the Stark broadening meth-
od. Analysis results show that both the electron temperature and density of the air plasma decrease with the increase of
the delay time. This results have a certain scientific significance for aerodynamic theory of air breakdown under high
power laser.

Key words: laser-induced breakdown spectroscopy ( LIBS) ; air plasmas; plasmas spark; electron temperature;

electron density

BEE&WE: FXK A RF#3L4 00 H (No. 61378050) ; Bl #8 E k% & VW H (No. 2013DFR70620 ) ; BV 45 [ Fr & VE 50 H
(No. 2016KW —036) 1),

YEB B EAEE (1982 - ) 2, YR, 26 B, T2 A O MR R 45 5 TR A 5% . E-mail : noragirl6@ 126. com

BIESE IR (1963 — ) 55, 382, i, 2 S Ot 5 2 T I & 77 T 94 5% . E-mail : sujhong@ 126. com

W5 B #7:2018-01-09 ; 4&1T B #7 :2018-03-06



e 5 4 Ah No.9 2018

PR WO il s U B T RS BRI ik 1083

18 =

SRBOCTE 2 S h 4B B R AT, LRI R it
95 5k s K el 2 RN , 8 SO SR 1 3 e 3 1
AR KRR, BB 5 I TR, &7
HE T F RTINS, R, 28 SO 73
ZURIMR I, 28 S JE 2 s T R AR K, % 2k
JINTES B O SRR B i 2, — O i
RS MIE & RO R R
NS BB R R A e, ATk T A B30 7 S ik
TSGR TIRINE, NG SRR L IR e B AR
205 T 728 R B TR FhL L 18 5 e 1] 3
PEBOE B SR Z S T R4 25 88 TR IR G I 45
3 1o R B F R ]S AL

HAT, AT 2 HO6iE S AU A S 7 ik
ROEIG AT TR IIBFTE . (EBOE 4 25 8 Tk
TN 7 T, Young'® 45 A % B4 B Tk N e

BOBIIIN G X B g A8 A T O S
RGBTSR ) AL B ER . FE
TR — i O 4 5 i 1 25 e, TE O B 45
A B, FUA ORI B — E (I, A B R Ak
g RS R ARG 3 E K BRI R Uk
T4 ) e/ IV R BE R A O G A4 A 22 0 A A% 4 1
. Pirri 2 A F0 Mori 26 A1 A 2080 2 35
PR U BT T 5T, R IAE 2 S Ok 2
R 25 1 A 4G B 249 9 107 W/ em® | HL L 5 15 55
FEIE SO R BE AR A R K E R, Stur-
mer 25 A Mori 25 AN Kim 25 A7 R JE % 4
NPT RIS TAE A 15 3 T SO
RS S ) B AR i 2 R A RS I
Kawahara 2§ A7 5% F G X BE & ICCD A AL
T A TR 2 R R [ (37 B A R BE BE IS ] AR A, R
BT A B ARIN OB e 3 5 22 P S ) — 4k
AR, (ER D TXTEOLT S A S R S B T
R 1 FEL L 1B 42 3 i 228 33 I ) A A B 1
ARIE . AT HEE IO i s [
TR B R T P T8 e SR B ] S A AT T
T AR BN T AR 1] AR Ak B LA
2 RBEBREE

B — PP AR A H [ 1 RO, st =K
PG , SR BOETE AR S 5, ARG K

1, AT RS SR R TR 5 X R B A T i
EEHREE ., sAPEESA N.OCHEEILER, &
Az S I, SF R AR DGIE AT RE L BE N L O,
C . H %5702 SOHAH B 2 A 1 H - BRIERRAIE 04, il
AT AR A0 B 53 B 3 BERRAE A 5 U6, RO TS 5 45
S 5 B U R NG B s AEE B AR
U AR AT AR, AT Dy ik — 2B S RO
YERIF 28 S 28 I SRS e AL TR Befil

WO i o 2 A B RS EE 5 52 50
HURBEEWE 1R, smBEOCE e RS REG,
YERITRAM R AN, BRGSO/ 55 55 AR I G
PGS RS T ok IR BT ANLN . & 2
SEETYIE , FE W TR SO R ARG M A
RGEREIE R R AR A AL B L4 4 . SE 50 (8
M M) %6 Nd:=YAG [ A B0 28 ot & b K R
1064 nm, i HAEE R 243 m], kb 98 & 10 ns, Fij
PO — A, R4 — M EIE A 50 mm 1y
BERERIRAD, O THIEROG A RE 2 AR E
PR ARSI T ROGER A R DRSS, X 5RO
YERIR AU A BIBOGAE B 7O, R Avantes-
ULS3648 719 3 i G ik A AT R A, i [ oy
240 ~1075 nm, FE3438E3R 4 0. 12 nm,

Optical filter Attenuator

Nd:YAG Laser

Air plasma spark
S

H”.H Spectroscope  Lens
Energy mcter%

pectrometer

e
Computer

BT SRR R

Fig. 1 Experimental schematic diagram
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Fig. 2 Experimental apparatus diagram
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Tab. 1 Information comparison between

two spectral lines
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Tab. 2 Calculated results of electron temperature

o Tk, =1.3806505 x 107> |

of air plasma

FERAE] ns 80 90 100 110 120 130

T/(x10*K ) | 1.1510 | 0.8463 | 0.5883 | 0.3825 | 0.2055 |0.1972
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Fig. 4 Curve of delay time and electron temperature of plasma
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Tab. 3 Electron impact parameters
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Tab. 4 Calculated results of electron density of plasma
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Fig. 5 Curve of delay time and electron density of plasma
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