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Numerical Analysis of Scattering Atoms for Laser Ablation Atomic
Fluorescence Spectroscopy

Daisuke NAKAMURA, Takashi HIGOTANI, Takayuki TAKAO,
Yuji OKI and Mitsuo MAEDA

(Received December 9, 2005)

Abstract: Extremely trace element analysis of solid surface using UV laser ablation technique has been

developed and a simple numerical simulation of scattering atoms by laser ablation was performed. Cal-

culation model shows a very good agreement with experimental results in a vacuum condition by using
Maxwellian velocity distribution and forward peaked angular distribution. The atomic distribution in
buffer gas was also investigated. Experiment with two dimensional imaging LIF spectroscopy and calu-

culation using Monte Carlo simulation method were performed.
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Fig. 1 Simplified atomic distribution model of LAAF
spectroscopy
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Fig. 2 (a)Experimental time of flight (TOF) profiles of
the LAAF spectroscopy under the vacuum con-
dition as circles and fitted TOF profiles from the
calculations as lines and (b)the temperature T'
that is the fitting parameter as a function of the
ablation fluence in the experiment.
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Fig. 3 (a)X-direction atomic density distribution ob-
tained experimentally (circle) and theoretically
(line). The ablation spot size is 0.65 mm, and
parameters p = 15 and 7" = 8000K were assumed
in the calculation. (b) The relation of parameter

p and ablation spot size.
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Fig. 4 Experimental TOF profiles when the distance
from the sample surface was 5, 7 and 9mm as
broken lines and fitted TOF profiles from the cal-
culations as lines
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Fig. 5 Experimental setup of the 2D-LIF imaging spec-

troscopy
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Fig. 6 Temporal changes in the distribution of ablated
Na atoms, where the fluence was 45 mJ/CmQ, the
spot size was 0.5 mm and the gas pressure was
100 mTorr.
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Fig. 7 Expansion profile of the ablation plume to verti-
cal direction (z-axis)
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Fig. 8 FWHM of the plume expansion to vertical di-
rection as a function of the delay time from the
ablation.
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