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The phenomenon of laser-induced breakdown (LIB) in the air attracted great 
interest after the invention of the Ruby laser (see Damon et al. 1963). It occurs due 
to the interaction of the laser with a considered target when the laser pulse energy 
is greater than that of the binding electrons, involving different ways to create 
plasma. The initial step is photoionization (PI), which is followed by induced 
avalanche ionization (AI). As a result, a vast increase in the free electron density, 
 ሻ, occurs. Usual way to describe their evolution is by the rate equation (seeݐሺߩ
Vogel et al. 2005): 
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The first two terms on the right side of the equation describe PI and AI rates, 
respectively, while the losses terms (due to diffusion െ݃ߩሺݐሻ and 
recombinationെߩߙሺݐሻଶ) enter with a minus sign. 

Even though LIB is a threshold-like process in terms of peak laser pulse 
strength (Polynkin et al. 2011, Shneider et al. 2012), defining the LIB threshold 
(LIBT) has long been recognized as an important challenge for developing 
methods that can produce trustworthy results. 

Depending on the general-purpose, there are several types of evaluations that 
can be conducted to calculate the value of LIBT. For instance, according to 
Breischenk (2013), the portion of the laser pulse which initiates the plasma 
formation becomes equal to the LIBT.  

The theoretical estimation of LIBT can be done by using the standard rate 
equation (see Keldysh 1964, Vogel 2005). According to Bekefi (1976) the LIBT in 
air, ܫ௧௛, is given as: 
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where ܲ is pressure, while ݐ௣ and ߣ denote pulse duration and wavelength of the 
applied laser, respectively.  
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The validity of our calculations was tested by comparing the results of 
comprehensive propagation simulations with data from available experiments (Gao 
et al. 2019). Experimental results were satisfactory and gave good agreement to the 
presented model.  
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