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Fig. 1. Experiment setup for the near infrared emissions from ns laser-induced air plasma.
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Fig. 2. IR emissions of laser-induced air plasma varied with
laser energy after 15 us delay time.
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Fig. 3. IR emissions of laser-induced air and N, plasma un-
der 80 kPa.
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Table 1.  Identification of the observed emission lines of NI and OI.

Lower state Upper state
Species A/nm A/s

Term symbol J Term symbol J
oI 1128.6317 2.32 x 107 25?2p*(*S%)3p °P 1 2s?2p?*(*S%)3d *D°
(OB 1128.6406 1.29 x 107 25?2p?(*S%)3p °P 1 2s?2p?(*S%)3d *D° 1
Ol 1128.6914 3.09 x 107 2s22p*(*S%)3p *P 2 2s?2p?(*S%)3d *D° 3
(OB 1128.7029 7.74 x 109 25?2p?*(*S%)3p °P 2 2s?2p?(*S%)3d *D° 2
Ol 1128.7318 1.72 x 107 2s%2p? (480)3p P 0 2s?2p?(*S%)3d *D° 1
(OB 1129.5103 5.34 x 109 25?2p?*(“S%)3p ° 1 2522p?(18%)4s 5S° 2
Ol 1129.7682 8.90 x 106 2s22p*(*S%)3p ° 2 2522p3(48%)4s °S° 2
(OB 1130.2378 1.25 x 107 25?2p*(*S%)3p °P 3 2s?2p?(1S%)3d °S° 2
NI 1129.167 1.20 x 107 2s22p?(°P)3p “D° 7/2 2s%2p?(°P)4s ‘P 5/2
NI 1131.389 1.00 x 107 2s?2p?(*P)3p ‘D° 5/2 25?2p*(*P)4s ‘P 3/2
NI 1132.318 8.19 x 106 2s22p?(°P)3p “D° 3/2 2322})2(3P)4s ip 1/2
NI 1246.1253 1.82 x 107 2s?2p?(*P)3p 2D° 3/2 25?2p?(*P)3d ? 5/2
NI 1246.9615 2.18 x 107 2s22p?(°P)3p D° 5/2 2s?2p?(°P)3d ’F 7/2
NI 1358.1323 5.76 x 109 2s?2p?(*P)3 s 2 3/2 2s?2p?(*P)3p %S° 1/2
NI 1358.7710 6.31 x 106 2s22p?(°P)3p D° 5/2 2s%2p%(3P)4s P 3/2
NI 1360.227 1.07 x 107 2s?2p?(*P)3p *P° 1/2 2s?2p?(*P)3d D 3/2
NI 1362.418 1.33 x 107 2s22p?(°P)3p *P° 3/2 2s?2p?(*P)3d D 5/2
NI 1475.7073 1.06 x 10° 2s?2p* ‘P 5/2 2s?2p?(*P)3p “D° 7/2
NI 1558.2287 6.5 x 10° 2s22p?(*P)3p *P° 3/2 2s?2p*(*P)4s 2P 3/2
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Fig. 5. The fitting result of binary linear regression analysis.
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Table 2. Comparison between predicted value and

experimental value of the intensity of 1128 nm.

Sk RHE/kPa  BUNE IR MIRRRZE/%
80 169842 166903 1.76
70 148612 153136 2.95
60 127382 140317 9.21
Air 50 106151 117673 9.79
40 84921 88516 4.06
30 63691 56575 12.56
20 42460 27964 51.80
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Near infrared characteristics of air plasma
. *
induced by nanosecond laser

Wang Xing-Sheng Ma Yan-Ming Gao Xun! Lin Jing-Quan*

(School of Science, Changchun University of Science and Technology, Changchun 130022, China)
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Abstract

The near infrared emission from laser induced air plasma has been investigated in a range of 1100-2400 nm.
The infrared spectra of air plasma consist of linear spectral and continuum radiation. Most of the spectral
features observed are identified, including atomic lines of O I and N I and molecular bands of Ny. The spectra
show trace of blackbody background emission and the plasma temperature is estimated from Planck law. We
find that the continuum radiation is mainly origins mainly from the blackbody emission of plasma. There is a
limitation of plasma temperature estimation by wusing Boltzmann method. For example, the local
thermodynamic equilibrium must be satisfied, and the trend of change in plasma temperature can be estimated
within a few microseconds after the laser shot. In this paper, the plasma temperature in 15 ps after laser
irradiation is estimated from the Planck law, and the temperature of air plasma is estimated to be about 3900 K,
which can compensate for the shortcomings of Boltzmann method. It is found that the neutral atomic spectra of
N and O both may contribute to the radiation of the air plasma at 1128 nm. Then we keep the air pressure in
the vacuum chamber at 80 kPa, and change the nitrogen and oxygen content in the chamber. The infrared
spectrum data show that the oxygen content in the mixed gas only affect the radiation of 1128 nm wavelength.
The binary linear regression analysis shows that oxygen contributes much to the radiation of 1128 nm
wavelength. This can be explained by the difference in ionization potential between molecule O, and N,. The
infrared radiation intensities of the air plasma at 1128 nm under 20-80 kPa are obtained, and they are
compared with the calculated results obtained with the fitting formula. The predicted value is very close to the
experimental value and the relative error is negligibly at the pressure of 30-80 kPa. The study of the
characteristics of infrared emission from laser induced plasma is of great significance for understanding and

using the physical mechanisms of laser-matter interaction.
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