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Abstract 

 
This paper presents the experimental results of 
using superGaussian beams for suppression of 
diffraction and small-scale self-focusing in 
high-power Nd:glass laser amplifier system. 
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Self-focusing is the primary nonlinear optical 
process in high-power neodymium glass laser 
amplifier systems (NGLAS) which affects their  
performance [1,2]. Analysis reveals [1,3] that the 
spatial scale of nonuniformities attributable to 
Fresnel diffraction on the laser-rod-edges is 
within an order of magnitude of the spatial scale 
Λ which most easily focuses on a length lsssf  due 
to small-scale self-focusing [1,4]. At I = 1-10 
GW/cm2   Λ  ~ 10 – 200 µm. 
  
Here Λ = λ(c/(32πn2I)1/2 ,   lsssf = λcno/(8 πn2I), 
λ is laser wavelength in vacuum, n2 is nonlinear 
refractive index, I is the laser intensity. At I = 10 
GW/cm2, no = 1.5, n2 = 1.5. 10-13 CGS Λ = 150 
µm and lsssf = 4 cm. 
 
An isolated diffraction ring may in this case be 
unstable with respect to azimuthal angle and will 
decay into spatial cells. Figure 1, left shows a 
beam cross-section with such “mosaic” structure 
at the output of a high-power NGLAS. Both axial 
and concentric rings damage of the laser rods 
with thin filaments extended into the rod bulk 
were observed at intensities substantially below 
the glass damage threshold (Figure 1, right). In 
addition to multiple filamentary damages in the 
bulk of active elements as well as on the surfaces, 
small-scale self-focusing also produces an energy 
redistribution in the laser beam cross-section and 
scatters up to 80% of the energy into the large 
angles [5], so that the beam cross-section is 
surrounded by a halo of a scattered radiation at 
the output of amplifiers.  
 
To suppress hard-edge Fresnel diffraction ripples, 

a superGaussian profiles I(r)/Io~exp [-(r/ro)N],  is 
one of the solutions. Here Io is intensity in the 
beam center, r is the distance from the beam 
center along the beam radius, ro is the distance at 
which I = Io/e, N is the numeric coefficient, N>2. 
In this profile with a flat top, intensity diminishes 
monotonically from beam center to edges. 
 

 Figure 1. Left: “Mosaic” structure of output 
intensity distribution in a beam 
cross-section of NGLAS. Right: Damage of 
the output face of neodymium-glass rod 45 
mm in diameter and 680 mm long. 

 
 
 
 
 
For superGaussian beam formation we fabricated 
soft apertures with variable absorption along the 
radial direction, made of CaF2:Pr or  CaF2:K 
crystals. Variable absorption was achieved by 
either electron beam coloration [2,6] or 
photo/thermochemical reactions of color centers 
and colloids in additively colored crystals [7].      
 
Figure 2, left  shows the beam cross-section at 
the output of a CaF2:Pr soft aperture with a 
transmission profile I/Io = exp [-(r/ro)4.62], where 
ro = 2.2 mm. For comparison, the beam 
cross-section at the output of a hard-edge 
aperture of the same Fresnel number F =  ro

2/λz 
~ 3 is shown in Figure 2, right. 

 
 
 
 

Figure 2. Beam cross-sections at the output of a 
soft aperture with superGaussian transmission 
profile (left) and a hard-edge aperture (right) of 
the same Fresnel number. 
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SuperGaussian-transmission soft apertures have 
been investigated in the 1.06-µm Delfin laser 
fusion installation of the P.N. Lebedev Physical 
Institute. 
 
Figure 3, shows a schematic of the Delfin 
preamplifier system with 30 J, 3ns output and 
transmission profiles of soft apertures. It  
illustrates as well the results of using these soft 
apertures in different parts of Delfin laser. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Beam cross-sections in Figure 3a are compared at 
the distance of 8 m from the smaller diameter soft 
aperture (top spot) and a similar-diameter 
hard-edge aperture (bottom spot) after beam 
passage through two amplifiers with 30 mm x 
630 mm rods. 
 
Figure 3b shows beam cross-sections at 16 m 
from the output of the same soft aperture (top 
spot) after beam passage through four amplifiers: 
two with 20 mm x 630 mm rods as well as two 30 
mm x 630 mm rods. For comparison, the bottom 

spot in Figure 3b shows beam cross-section in the 
same system, but with soft aperture removed. 
Figure 3c shows beam cross-sections at 16 m 
from the larger diameter soft aperture (top spot), 
and in the same place without any additional 
apertures (bottom spot). After the soft-aperture, 
the beam passed through three amplifiers with 
rod dimensions of 45 mm x 630 mm. 
 
We observed significant improvement in beam 
homogeneity by suppressing Fresnel diffraction 
rings with the soft apertures of Figure 3. Similar 
results were obtained in Ref. 8. 
 
It should be also noted, that whole-beam 
self-focusing of superGaussian spatial profile  
differs from that of Gaussian spatial profile 
according to numerical modeling of Refs. 9, 10. 
In the superGaussian case the distance between 
nonlinear foci diminishes with increasing N, so 
that foci form a compact group [10]. In the case 
of nonlinear absorption, even a single focus can 
exist in superGaussian-beam self-focusing at the 
same conditions when Gaussian beam 
self-focusing has multiple foci [9].  
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