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Spectroscopic Study on the Behaviors of the Laser-Induced Air Plasma
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Abstract:  The results of spectroscopic study on the gas plasma induced by a pulsed laser with
wavelength of 1.06 pm are reported. The gas samples are pure nitrogen, pure oxygen and air, all at the
atmospheric pressure, and the spectral range studied is from 300 nm to 900 nm. The results show that the
spectra of laser-induced plasmas for the three kinds of gas samples are composed of continuous spectra and
line spectra, the basic features of the continuous spectra and line spectra were given, the possible
connections of these spectra features to the characteristics of the laser-induced gas plasma were discussed,
and the differences of the laser-induced plasmas between pure nitrogen, pure oxygen and air samples were
analyzed. The basic features of time evolution and space distribution for laser-induced plasma spectra were
also given and the relations between these features and the laser-induced plasma characteristics were
briefly discussed. These results are helpful for the better understanding of the laser-induced plasma
characteristics, especially those related to the relaxation process and the recombination mechanism of the
plasma after its production.
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Fig.1 Experimental setup
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Fig.2 The plasma spectra of O;, N;, air and

the synthesized air
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3.1.1 &4
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Fig. 3 Continuous spectra of N, ,O; and air plasma
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Table 1 (a) The identification of plasma spectra in N,

Species Wavelength A /nm Transition

Ny 424.1 Bz > X'

N, 339.9, 399.7 c¢n, - B,
343.7 3p(1S) - 3s('P%)
480. 3 3dCD) = 3pCCD)
500. 5 3dCP) > 3pCS)

Nt 504.5 3pCS) - 3sCPY)
517.6 3d(°D) - 3pCP°)
553.5 3pCD") - 3sCP)
568.0 3pCD) - 3sCP°)
648. 3 4pCCD) - 3dCD%)
746.9 3p(*S°) - 3s(*P)

N 821.7 3p(*P°) - 3s5(*P)
868. 3 3p(*D°) - 3s¢* P)

Table 1 (b) The identification of

plasma spectra in O,

Species Wavelength A /nm Transition
oF 435. 1, 459.7 AT, X'II,
811.8, 824.0, 834.7 '3, —>a'S.
339.2, 341.5 Cs, > X',
o, 348.1 APSF—>X3,
391.4 Bz, >-X's;
869. 8 IMED o
371.5,372.9,375. 1 3p(* S )—>3sC* P)
385.6,386.6,388.5 3d(*D)—>3p(*D%)
of 394.7,395.7,397.6 3p( P )—>3sCP)
407. 6 3d(*F)—>3p(*D%)
435.1 3p(* PP)—>3s(* P)
616. 2 4dCD)—>3pCP)
646. 2 55CS°)—=>3pC P)
715.7 3p(Dy)—>3sC* DY)
0 748.1 3pCD)—>3sCP%)
777. 4 3pCP)—>35CS")
795.1 3dCCF°)—>3sCD")
822.2 3pCD)—>3sCCD%)
844.6 3pCP)—>35CGS%)

Table 1(c) The identification of plasma spectra in air

Species Wavelength A /nm
N, 333.9, 399.7
Ny 424.2
Nt 343.7,480. 3,500.5,517.9,553. 6,567. 9
N 747.2,821.7,868. 3
ot 375.1,388.5,407.6,435. 1
O 777.4,795.1,822.1,844.6
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Fig. 4 Temporal characteristic of some plasma
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Fig.5 The picture of a laser induced air plasma
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Fig. 6 The plasma spectra taken at locations a and b
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