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Fig. 1 Principle of lasers 

 

LASER TECHNOLOGY FOR 
ACCELERATOR 

1. Introduction 

One of the most significant inventions of the 
last century is the invention of the laser, which 
is now used in almost all aspects of sciens and 
daily life. The word LASER is formed from the 
abbreviation of the English phrase "light 
amplification by stimulated emission of 
radiation". 

Back in 1916, Albert Einstein [1] predicted 
the possibility of transition of atoms from a 
higher energy state to a lower one under 
external influence. During this transition, a 
certain amount of energy is released, and such 
radiation is called stimulated. Stimulated 
radiation is the basis for the operation of lasers. 

The principle of laser operation [2, 3] is based 
on the stimulated emission of light photons 
when exposed to an external electromagnetic 
field. As it is known from the high school 
physics, the structure of the atom has a 
planetary model according to which negatively 
charged electrons revolve around a positively 
charged nucleus in certain energy orbits. Each 
orbit corresponds to a certain value of the 
electron energy. In an unexcited state, electrons 
are located at low energy levels, which are due 
to the minimum energy consumption, can only 
absorb the radiation that falls on them. When 
an atom is exposed to radiation, it receives an 
additional portion of energy, which provokes 
the transition of electrons (one or more) to 
higher energy levels of the atom, that is, the 
electron goes into an excited state. Energy is 
absorbed in strictly defined portions - quanta. 
The excited atom strives to return to the 
relaxed state again, and gives up excess energy, 
emitting it in strictly defined portions as well. 

In this case, the electrons return to their 
original energy levels. The resulting quanta or 
photons of light have energy equal to the 
difference between the energies of the two 
involved levels. Thus, stimulated emission 
occurs. 

An atom in an excited state can emit energy 
itself, or it can emit when exposed to external 
radiation, Fig. 1. It is characteristic that the 
quantum that is emitted and the quantum that 
caused the emission are similar to each other. 
This characteristic determines that the 
wavelength of the induced radiation is equal to 
the wave that caused this radiation. In total, 
the induced radiation will increase with an 
increase in the number of electrons that have 
jumped to the upper energy levels. 

In addition, there are inverse systems of 
atoms in which electrons are concentrated at 
higher energy levels. In such systems, the 
process of quanta emission dominates over the 
process of absorption. Inverse systems are used 
to design optical quantum generators (lasers). 
The active substance (medium) is placed in an 
optical resonator consisting of two parallel 
high-quality mirrors, which are placed on both 
sides of the active media. The emitted quanta, 
getting inside and repeatedly reflecting from 
the mirrors, cross the active media many times, 
thereby cause the appearance of similar quanta 
through the emission of atoms, where electrons 
are in distant orbits. The active medium can be 




