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This paper presents some experimental results of investigations into the wave 
front (WF) distortion and possibility of wave front reconstruction at wave front 
inversion of a XeCl-laser beam.  The divergence of a beam with the diameter of 
150 mm at propagation to 25 m distance increases up to 20 θd due to the air 
turbulence aberration.  The WF inversion of a beam distorted due to aberrations of 
an optical element (θ ≤ 15 θd), may result in their complete compensation.  If the 
aberrations are caused mainly by the air turbulence, then the accuracy of the wave 
front inversion decreases. 

 

1. INTRODUCTION 
 

At present the excimer laser systems are most 
promising for achieving high radiation density, due to 
the proportional dependence of the limiting brightness 
on the squared D/λ ratio, where D is the diameter of 
the laser beam, λ is the emission wavelength.  This is 
first because the excimer lasers emit at short 
wavelengths and with a high intensity of the radiation.  
Second, there are no principal restrictions on the 
increase of the cross size of their active medium.  
However, in practice many difficulties on preservation 
of the diffraction divergence of the radiation arise with 
the growth of the beam cross section due to the 
aberrations both in active medium, and in other 
elements of the optical channel. 

It is known, that the use the WF inversion 
phenomenon at Brillouin stimulated scattering allows 
one to eliminate the aberrations in the optical system.  
Thereby the accuracy of the WF reconstruction depends 
on the WF shape and the degree of the WF 
distortion.1$4  However, in majority of cases, both 
theoretical and practical, the WF distortion is set by a 
phase plate.  Thus, in the focal caustic area there exists 
a statistically uniform distribution of the radiation 
intensity.  In these conditions, when the quality of the 
WF inversion is highest, the divergence of the pumping 
radiation is limited by the range 102 < θ/θd < 103, here 
θd is the diffraction angle.  The case of weakly 
distorted beams, when θ/θd < 102, is considered as less 
favorable for the WF inversion due to the distortions of 
various types, for example œserpentineB.  At the same 
time in Refs. 5$8 they say about the WF inversion of 
the excimer laser radiation, usually about double$pass 
electric-discharge amplifiers with Brillouin's mirror.  
However, these reports mostly dealt with the case when 
insignificant aberrations, arising on the inhomogeneities 

of the laser pump are eliminated.  At the same time, if 
the divergence of the pump beam is only slightly in 
excess of the diffraction limit (the 1.5$3 times), the 
observed improvement of the divergence of the reflected 
and again amplified laser beam may be a result of its 
spatial filtration.13,14  For the beams with large cross 
section (the diameter of the beam is equal to 75 mm), 
as we considered in Ref. 9, the aberrations in the 
optical channel without an active medium, become 
essential, exceeding the aberrations due to the 
inhomogeneities of the pump, and the contribution from 
the WF inversion will be more noticeable. 

In this paper we deal with the determination of 
the distortion degree of the XeCl-laser beam WF with 
the diameter up to 150 mm at its transportation and 
also with the investigation of possibilities of 
compensating them for the WF inversion. 

 

2. EXPERIMENT 

 

The laser system used consists of three electric-
discharge XeCl-lasers.  The optical arrangement of the 
experiment is shown in Fig. 1.  The formation of a low 
divergence powerful beam of a narrow-band radiation 
was performed in the unstable resonator of the control 
laser CL, operated in the injection synchronization 
mode, Ref.10.  The polarized radiation of the master 
oscillator MO with the line width Δν ≤ 0.01 cm$1 and 
energy E ≤ 1 mJ was injected into the resonator of the 
CL through a semitransparent spherical mirror 4.  The 
output mirror of the CL resonator was the plane mirror 
with the variable reflectivity. The CL output beam 
with the energy E ≤ 80 mJ and pulse 
duration τ0.5 ≤ 100 ns was collimated with the lenses 6 
and 7 and passed the polarization decoupling block 8, 
9.  Then it was expanded with a telescope 10.  The 
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path of the expanded beam was 2×12 m.  The laser 
beam, coming back at a small angle to the counter flux, 
was again compressed up to the diameter about 2 cm.  
Then the laser beam, after additional amplification in 
the optical amplifier OA up to the energy not greater 
than 50 mJ was focused in the chamber with a 
nonlinear medium using lens 12. 
 

 
FIG. 1. The optical arrangement of the experiment: 1 
is the total reflector; 2 is the diaphragm; 3 is the 
diffraction grating (2400 groove/mm); 4 is the convex 
mirror with f = $ 634 mm; 5 is the mirror with a 
variable reflectivity; 6 is the lens with f = 550 mm; 7 
is the lens with f = $ 200 mm; 8 is the polarizer; 9 is 
the quarter wave plate; 10 is the telescope (the lenses 
with f = 1500,  $ 200, and $ 460 mm); 11 is the 
wedge; 12 are the lenses with f = 0.5, 1, and 2 m; 13 is 
the chamber with SF6 at a pressure of 10 atm; 14 is the 
lens with f = 3 m; 15 is the Fabry$Perot etalon; 16 is 
the film.  Here f is the focal length. 
 

The control of the divergence of the pump 
radiation was performed photographically at the focus 
of the lens 14 and by directly measuring the power 
distribution with the help of a calibrated diaphragm 
and IMO$2N calorimeter.  The power distribution of 
the reflected radiation, that passed the optical channel, 
was calculated from the densitograms with the account 
of the film nonlinearity. 

 
3. DISCUSSION OF THE EXPERIMENTAL 

RESULTS  

 
Figure 2a depicts the angular distribution of the 

radiation energy, incident on the nonlinear medium 
with the diameters of the collimated beam of 75 and 
150 mm.  The larger divergence of the beam in the 
second case is mainly due to the turbulence of the air as 
one may see from the photographs of the focal spots 
(Fig. 3).  Thus, as we can see, the focal spot 
disintegrates on separate randomly located clusters 
(Fig.3d).  In the case when some extra turbulence is 
introduced into the channel of the beam transportation 

(∅ = 75) by heating its separate parts, the focal spots 
of both beams have identical structure.  

 

 
a 

 

 
b 
 

FIG. 2.  The angular distribution of the radiation 
energy, incident on the nonlinear medium (curves 
1, 2), (a); the output control laser beam (curve 3), 
reflected and passed again through the optical channel 
(curves 4$6), (b); the diameter of the beam is equal to 
150 mm (curves 2, 4) and 75 mm (curves 1, 5, and 6); 
the curve 5 was obtained at heating separate areas of 
the optical channel.  
 

 

In Fig. 4 are shown the photographs of the focal 
spots and the densitograms for the radiation, reflected 
from the nonlinear medium and again passed through 
the optical channel.  Dashed line on the densitograms 
shows the size of the diffraction core.  As one can see, 
the degree of the compensation of the distortion at 
different diameters of the beam is different.  Its 
quantitative estimate can be obtained from the 
calculated distributions of the radiation energy, shown 
in Fig. 2b.  For the beam with the diameter of 75 mm, 
the inverted radiation has practically the diffraction 
limited divergence, i.e., the divergence narrower, than 
the divergence of the initial radiation in Fig. 2b, 
curve 3.  That is caused by the spatial filtration in the 
optical channel.  For the laser beam with the diameter  
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FIG. 3.  The photographs of the focal spots of the beam radiation with ∅ = 75 mm, (a, b) and 150 mm, (c, d) with 
the thermal heating of the separate area of the optical channel, (b) at the 4 m shortened transportation channel, (c) 
and the 24 m complete one, (d).  The photographs are in about the same scale relative to the diffraction angle. 
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FIG. 4. The photographs of the focal spots and the densitograms of the radiation, reflected from the nonlinear 
medium and passed again through the optical channel.  The diameter of the extended beam is equal to 150 mm, (a) 
and 75 mm, (b, c).  The wave front on the last photographs was distorted additively by the heating of the area of 
the optical channel. 
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of 150 mm the partial compensation takes place because 
of the speckle structure around the diffraction core.  
This speckle structure contains a significant fraction of 
the total energy.  The change of the focal length of the 
lens 12 did not practically change the quality of the 
wave front inversion.  Similar picture was observed in 
the case, when the additional wave front distortions of 
the beam with the diameter of 75 mm were introduced 
by heating separate areas of the optical channel 
(Fig. 2d and 4b).  In our mind, such a behavior can be 
due to two reasons. 

The first one is connected with the essentially 
different intensity of the radiation clusters in the 
caustic such, that no due increment in its separate areas 
is reached amplification, and the part of information 
about the phase in the reflected beam is lost.  Besides, 
with the increasing capacity of the pump radiation the 
degree of the distortions grows as a result of the 
component intensification, uncorrelated with the 
incident wave in the areas of enhanced intensity.   

Second, the complete restoration of the WF is 
possible only for certain structure of the cluster 
distributions because of the infringement of the 
mechanism of the four-wave mixing, Ref. 11. 

Thus, the analysis of experimental results shows, 
that at transportation of a beam with ∅ = 150 mm at 
a distance of the order of 25 m its divergence can 
grow as the result of the air turbulence up to about 
20 θd.  The high accuracy of the wave front 
reconstruction at Brillouin stimulated scattering of a 
focused radiation of the XeCl-laser is reached at a 
significant (about 15 θd) excess of the divergence of 
the pump beam above the diffraction limit in the case 
when the wave front distortions occur in the optical 
elements.  At a further increase of aberrations, due to 
the air turbulence, the accuracy of the WF inversion 
is reduced.  Probably for conserving the accuracy it is 
necessary to use the phase plate,1 or the four-wave 
mixing.11,12 
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