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Standoff spectroscopic interrogation of samples irradiated by high 
energy lasers 
 
Jean-François Daigle*, Dominik Pudo and Francis Théberge 
Defense Research and Development Canada – Valcartier Research Centre, Québec, G3J 1X5, Canada 

Abstract. We report on a novel method that shows the potential to provide real-time, standoff forensic analysis of 
samples being irradiated by a high energy laser (HEL). The interaction of the HEL beam with matter produces 
specific optical signatures that can be detected from the location of the HEL system.  A spectroscopic analysis of 
these signals can then provide useful information to the operator including the impact the laser has on the sample as 
well as providing data about the its structure and composition. 
 
Keywords: high energy laser, spectroscopy, remote sensing, oxidation. 
 
*Corresponding author, E-mail: jean-francois.daigle@drdc-rddc.gc.ca  

1 Introduction 
When a HEL beam interacts with a solid sample, a portion of the incident laser energy is 
absorbed by the material resulting in a temperature elevation.  Depending on its composition, the 
irradiated material can then be vaporized, burnt or melted.  All of those processes are usually 
accompanied by the emission of light with a spectral signature, specific to the material and to the 
process taking place. These signals can be detected remotely using passive spectroscopic sensors 
positioned at the location of the HEL1.   
 
Certain hot objects, in particular metals, tend to oxide very rapidly when immersed in an oxygen-
filled environment such as the atmosphere. The produced oxide molecules can either be 
deposited onto the exposed surface, or vaporized into the surrounding environment. The 
formation of oxide molecules, a highly exothermic process, produces a significant amount of 
heat that can be absorbed by the sample to further elevate its temperature, thus accelerating the 
oxidation process. Oxy-fuel cutting of metallic sheets is based on this very process. For example, 
the oxidation of iron atoms (Fe) occurs via the chemical reaction 2Fe + O2  2FeO which 
produces 538.8 kJ/mol of energy available to heat the exposed metallic surface.  
 
Figure 1 presents color images of the interaction of a HEL with aluminum and carbon steel 
samples.   Interestingly, the bright blue color observed in Figure 1(a) is dominantly attributed to 
excited aluminum oxides (AlO) while the orange glare in Figure 1(b) originates from the iron 
oxide (FeO) orange system.  These oxides were not present in the material before the interaction 
and have been produced under the heating action of the HEL source.  It has been demonstrated 
that the presence of these oxide emissions are a good indicator the laser is drilling into the 
sample2.  Similar signatures have been observed in flame emission spectroscopy where metallic 
vapors were burnt and observed using spectroscopic instruments3.   
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Fig. 1: True color pictures of a HEL beam interacting with (a) aluminum and (b) carbon steel samples. 

 
The spectra captured from different samples exhibited distinct features corresponding to the 
predicted fluorescence lines of the metallic oxides, thus enabling the identification of the 
exposed material.  The spectral features are unique and offer the possibility to discriminate the 
different samples. 

2 Experimental methods and results 
In order to demonstrate the potential of the method for standoff analysis/identification of solid 
materials, tests were done with different metallic surfaces interrogated over a 200 m propagation 
path.  The different samples tested were AISI 1020 grade carbon steel, aluminum 6061-T6 and 
SAE 202 stainless steel, each having a thickness of  3.18 mm.  A refractive beam director 
focused the HEL beam onto the sample to an intensity of approximately 3 kW/cm2.  The 
spectroscopic receiver consisted of a 10-cm diameter Cassegrainian telescope imaging the 
interaction zone onto the fiber tip of a commercial spectrometer, with a resolution of under 0.8 
nm.  The detection setup was installed next to the HEL beam director.  All of the hardware has a 
small footprint, is independent of the HEL system, and is based on commercial off-the-shelf 
components.  Figure 2 presents the different spectra produced by the apparatus for (a) aluminum, 
(b) carbon steel and (c) stainless steel.  Each spectrum clearly exhibit distinct features thus 
enabling the identification of the exposed material.   
 
Aluminum oxide (AlO) fluorescence lines from the transitional system B2Σ+ X2Σ+ were 
observed when the aluminum sample (Figure 2(a)) was exposed to HEL radiation.  Even though 
magnesium is found at approximately 1 % in this type of aluminum, its high oxidation yield 
resulted in three distinct MgO bands coming from the systems 3Δ  3Π,  D1Δ A1Π and B1Σ  
X1Σ.  Al I atomic features were identified in the spectrum as well Mn I who is only present at 0.1 
% in this type of aluminum.  The strong background emission present in the spectrum is 
attributed to blackbody radiation produced by the laser-heated sample. 
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3 Conclusions 
As shown in Figure 2, each material exposed to HEL radiation exhibited distinct spectral features 
thus enabling for both the standoff identification and composition analysis of the exposed 
material.  The technique not only proved to be efficient in discriminating dissimilar samples such 
as aluminum and carbon steel, but clear and distinct spectral features allow for the distinction 
between two different steel samples showing great potential for the selectivity of the sensing 
method. 
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Fig. 1 Color pictures of a HEL beam interacting with (a) aluminum and (b) carbon steel samples. 
Fig. 2 Typical spectra collected during the interaction with (a) aluminum, (b) carbon steel and (c) 
stainless steel. 
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