


 

ion current develops gradually due to heavy mass 
of SF6

+

 Figure 4 shows the dependence of the charge 
production on the gas pressure, indicating good 
linearity of the measurement. 

. In any case, the total amount of charge 
produced via multiphoton ionization is obtained 
by integrating the current signal such as in Fig. 3.  

  Figure 5 shows the laser energy dependence of 
the charge production. The slope of the curves 
show saturation tendency in the high energy end. 
The slopes of the curves in the low energy end 
should give the number of photons necessary for 
ionizing ground-state atoms and molecules. The 
theoretical values (ionization potential / laser 
photon energy) are compared with experimental 
values (curve slope) in Table 1. As seen in the 
table, experimental values are somewhat smaller  

 
 
than the theoretical value for some gases. 
  In separate measurements, the laser beam 
profile in the focal region was carefully measured 
using a knife-edge method, and the laser pulse 
width was also measured using a high-speed 
photo diode. Based on these measurements 
multiphoton ionization efficiency was derived as 
shown in Table 1. The table indicates that in the 
case of Xe, multiphoton ionization would easily 
produce more electrons than is present in the 
plasma. The multiphoton efficiency at other 
energy may be estimated on the basis of Fig. 5 
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Laser energy[mJ]

Xe
O2 Kr

N2
Ar CF4

SF6

Ar 15.76 7(6.67) 7.0±0.4

Kr 14.00 7(6.01) 7.3±0.5

Xe 12.13 6(5.21) 6.5±0.3

N2 15.58 7(6.69) 5.8±0.5

O2 12.07 6(5.18) 7.1±0.8

CF4 15.9 7(6.82) 5.1±0.2

SF6 15.5 7(6.65) 4.2±0.1
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Fig. 4  Pressure dependence of the charge production 
due to multiphoton ionization at a laser energy of 
250mJ 

Fig. 5  Laser energy dependence of the charge 
production due to multiphoton ionization. 

Table 1  Multiphoton ionization efficiency for 
various gases due to frequency-doubled Nd:YAG 
laser (532nm) at a laser energy of 200mJ, laser pulse 
width of 6ns, and laser beam diameter of 70µm. The 
number of laser photons necessary for ionizing the 
ground-state atoms and molecules are also shown. 
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