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Emission characteristics of copper plasma were studied by using Laser-Induced Breakdown 

Spectroscopy (LIBS). The intensity of plasma emission depended on the species of atmospheric gases, and 

the strongest plasma emission was obtained in the argon atmosphere. And it was observed that the intensity 

reached its maximum at 1~2 s after the ablation and decreased. The spectrum broadening due to Stark 

effect was observed and the spectral width varied with the observation time and the atmospheric gases, and 

the narrower spectral width was obtained in He atmosphere. The plasma temperature calculated from 

spectral intensities reached around 10,000 K at 1~2 s after the ablation and increased with increasing 

ablation laser energy.   
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Present study is the result of “Development of laser remote analysis for low-decontaminated 
TRU fuel” entrusted to Japan Atomic Energy Agency by the Ministry of Education, Culture, 
Sports, Science and Technology of Japan (MEXT). 
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Fig.1. Schematic diagram of experimental setup. Fig.2.Schematic of ablation chamber. 

Nd:YAG 3 ns 8 mm

0.3 mrad Coherent INFINITY

25 cm 5 mJ

20 mJ 10 Hz

0.1 mm

10 mJ 42 GW/cm2 2 m

ICCD 25 cm  (Oriel

MS257 ) 1.6 nm/mm ICCD CCD

1024×1024 13 m

2 ns 180 nm 850 nm 2 ms

ICCD 3 ICCD

10 ns 99.96

Table 1 A
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Table 1 Spectral data of copper 

Wavelength (nm) Transition Energy (eV) gk Aki (s-1)

402.26 6.87 4 1.9 107

406.26 
3d105d – 3d104p 

6.87 6 2.1 107

465.11 3d94s5s – 3d94s4p 7.74 8 3.8 107

510.55 3d94s4p – 3d94s2 3.79 4 2.0 106

515.32 6.19 4 6.0 107

521.82 
3d104d – 3d104p 

6.19 6 7.5 107

570.02 3.82 4 2.4 105

578.21 
3d104p – 3d94s2

3.79 2 1.65 106

3.
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Fig.3. Copper spectra near 515 nm spectral line in 

argon, air, and helium. 

Fig.4. Spectral intensity as a function of gate delay 

time in different atmosphere. 
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Fig.4 521.82 nm
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Fig.5 Spectral width and intensity as a function of 

gate delay time.

Fig.6. Spectral width as a function of gate delay 

time in different atmosphere. 
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Fig.7. Spectral width as a function of gate delay 

time. 

Fig.8. Spectral intensities as a function of pressure. 
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Fig.9. Spectral intensities and widths as a function of 

ablation laser energy. 

Fig.10. Spectral intensity as a function of 

observation position from copper surface. 
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Fig.10 2 s
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Fig.11. Temporal variation of plasma emission at 1.3 10-4 MPa.  
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Fig.12. Temporal variation of plasma emission at 5.3 ×10-2 MPa. 

4.5 mm 

�����������������������

���



2 1 s Fig.12
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Fig.13. Temporal variation of plasma emission in different atmosphere at the pressures of 5.3 ×10-2 MPa.
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Fig.14. Copper spectrum near the wavelength of 402 

nm used to calculated excitation temperature. 

Fig.15. Boltzmann plot. 
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Fig.16. Excitation temperature as a function of 

ablation laser energy. 

Fig.17. Excitation temperature as a function of gate 

delay time. 

Fig.16

Fig.9

Fig.17 510.55 nm 521.82 nm 2

1 2 s

Fig.18 Fig.6 510.55 nm 521.82 nm

510.55 nm 515.32 521.82nm

s Fig.17

0.5

1

1.5

2

2.5

3

5000

6000

7000

8000

9000

1 104

1.1 104

0 200 400 600 800 1000 1200

515 nm/510 nm
521 nm/510 nm

Temperature calculated by using 510 nm/521 nm
Temperature calculated by using 510/ nm515 nm

Gate DelayTime (nm)

Gate width:20 ns
Gain:20
Pressure:0.04 MPa (Ar)
Laser energy:10 mJ

7500

8000

8500

9000

9500

1 104

0 0.5 1 1.5 2 2.5 3 3.5 4
Distance from Cu Surface (mm)

T
em

pe
ra

tu
re

 (K
)

Gate Width:50 ns
Gate Delay:2000 ns
Gain:50
Laser Energy:10 mJ
Pressure:0.053 MPa  (Air)

Fig.18. Spectral intensities ratio and excitation 

temperature. 

Fig.19. Excitation temperature as a function of 

distance from copper surface. 
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