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Reduction of wavefront aberrations and
laser radiation divergence of the ‘Luch’ facility
with the help of an adaptive system
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A.N. Manachinskii, V.M. Murugov, A.V. Ogorodnikov, S.P. Smyshlyaev, S.A. Sukharev

Abstract. An adaptive system for the compensation of static
and thermally induced wavefront aberrations of the amplifi-
cation path of the ‘Luch’ laser facility is described. This
system provided the reduction of the amplitude A4 of
wavefront aberrations of high-power radiation and the
standard deviation ¢ by a factor of ~ 3: from 4 = 9.6 pm,
6=24pmto A =32pm, 6 =0.6 pm, which decreased the
radiation divergence by half.
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In large-scale neodymium-glass laser facilities under con-
struction [1, 2] and in the Luch module [3, 4] of the Iskra-6
facility [5] being designed, a low output beam divergence
and high output energy are required to achieve high
intensities when focusing the radiation on a target. High-
power solid-state laser systems exhibit wavefront aberra-
tions arising from the static and dynamic (‘thermal’)
inhomogeneities of the refractive index in optical elements
of the amplification path, which increase the divergence and
impair the quality of beam focusing [6, 7]. Static aberra-
tions are primarily caused by the inhomogeneities in the
optical materials and the inaccuracy of surface processing
of the optical elements (active elements, windows, lenses,
mirrors, etc.). Dynamic aberrations commonly arise due to
the heating of the optical elements by the pump radiation.

The wavefront aberrations in laser systems can be
compensated for by using different adaptive systems
[1, 8—11], which reduce the radiation divergence to dif-
fraction-limited values. The wavefront aberrations of the
Luch facility are compensated for with an adaptive system
developed on the basis of a multielement deformable mirror
[12].

The scheme of the adaptive system of the Luch facility is
shown in Fig. 1. It contains a deformable mirror with a
control unit, the input and output wavefront sensors
(WFSs), and a control computer. The input WFS measures
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Figure 1. Scheme of the adaptive system: ( /) deformable mirror; (2, 3)
plates directing radiation to WFSs; (4, 5) input and output WFSs; (6)
control computer; (7) deformable-mirror control unit.

the radiation wavefront at the input of the amplification
path, while the output WFS measures the wavefront at the
output of the amplification path.

The adaptive system of the Luch facility uses a multi-
element bimorph piezoelectric deformable mirror (Fig. 2a)
and a Hartmann WFS [13] (Fig. 2b). The latter consists of a
matching telescope, a radiation attenuator, a kinoform
raster, and a CCD camera. The kinoform raster is located
in the plane conjugated with the plane of the deformable
mirror and is attached to the CCD camera with the help of
an adapter ring. The function of the raster in the WFS is to
produce a system of focal spots on the CCD camera array.
The wavefront surface is reconstructed from the magnitude
of displacements of focal spots from the nodes of the ideal
grid.

The wavefront distortions at the input of the amplifier
path of the facility are estimated by measuring first the
wavefront of the 1.053-pum input laser radiation pulse, which
is straightened by the deformable mirror if needed. Then,
the radiation wavefront is analysed at the amplifier output
with the help of the output WFS, and the distortions are
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Figure 2. Photographs of the main elements of the adaptive system:
deformable mirror with a control unit (a) and wavefront sensor (b).
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Figure 3. Scheme of the Luch facility.
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Figure 4. Aberrations of laser radiation wavefront at the input of the amplifier path (a), static aberrations of the amplifier path (b), static and ‘thermal’

aberrations of the amplifier path (c) (z is the phase in optical path units).

determined in the optical path for ‘cool’ amplifiers 1 and 2
(Fig. 3) [4]. After measuring the static wavefront distortions,
the total distortions in the amplification path upon pumping
amplifiers 1 and 2 are measured. Taking into account the
obtained static and dynamic wavefront aberrations, ‘pre-
distortions’ are introduced into the deformable mirror to
compensate for the wavefront aberrations at the laser
output in the operating mode.

Figure 4 shows the results of wavefront measurements of
the laser radiation at the input and output of the amplifi-
cation path of the Luch facility. The wavefront is
characterised by two parameters: the aberration amplitude
A and the standard deviation o.

The wavefront at the input of the amplification path
slightly deviates from the smooth one: 4 =2.2 ym, ¢ =
0.54 um (Fig. 4a). The static aberrations of the amplifica-
tion path (Fig. 4b) were measured by recording the pulsed
radiation without pumping the amplification stages. The
maximum aberrations were observed at the aperture edges.
Figure 4c presents the total (static and ‘thermal’) aberra-
tions measured for the pulsed radiation when amplification
stages 1 and 2 were pumped for a voltage across the
capacitor bank U, =18 kV, which provided the gain
g =237x102cm .

One can see from the above data that the amplitude of
total wavefront aberrations upon pumping the amplifiers is
A = 9.6 pm and the standard deviation is ¢ = 2.4 pm, which
is smaller than in the case of static aberrations

(A=114 pm, ¢ =2.4 um), i.e. the ‘thermal’ aberrations
partly compensate for the static aberrations of the amplifi-
cation path.

We calculated the control voltages for the deformable
mirror from the measured wavefront parameters and
corrected wavefront aberrations of the high-power radiation
of the Luch facility. Figure 5 shows the wavefront surfaces
and experimental far-field radiation intensity distribution
patterns at the output of the amplification path measured
before the voltage application and after three iterative
corrections of the voltage applied to the deformable mirror.
One can see from Fig. 5 that after three corrective iterations
of the voltage applied to the deformable mirror the wave-
front aberrations of the high-power laser decreased by a
factor of ~ 3: from 4 = 9.6 um, 6 = 2.4 um to 4 = 3.2 pum,
¢ = 0.6 pm. The angular energy distributions at the facility
output under ordinary conditions and with the compensa-
tion of distortions by the adaptive system are presented in
Fig. 6.

One can see from Figs 5 and 6 that the radiation
distribution pattern obtained by using the adaptive system
became more symmetric and the radiation divergence
measured at the 0.8 level decreased by half.

Therefore, the adaptive system containing a multiele-
ment controllable deformable mirror used in the Luch
facility reduced the wavefront aberrations of the amplifi-
cation path of the facility by a factor of three and the
angular radiation divergence by half.
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Figure 5. Results of the wavefront aberration correction for the high-power laser for U, = 18 kV (a, c) and far-field radiation intensity distributions
(b, d) before the application of voltage to the deformable mirror (a, b) and after three iterative voltage corrections (c, d) (z is the phase in optical path

units).
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Figure 6. Angular energy distributions E,, at the facility output under
ordinary conditions (/) and with the distortion correction by the
adaptive system (2); 6 is the divergence angle.

Acknowledgements. The authors thank V.V. Atuchin,
A.G. Safronov, and 1.S. Soldatenkov for fabrication of
the elements of the adaptive system.

References

1.  LLNL. ICF Quarterly Report. Special Issue: National Ignition
Facility (Virginia: Springfield, 1997) Vol. 7, No. 3.

2. Andre M.L. Proc. SPIE Int. Soc. Opt. Eng., 3047, 38 (1996).

3. Beznasyuk N.N., Galakhov LI.V., Garanin S.G., et al., in
1V Kharitonovskie tematicheskie nauchnye chteniya (IV Khariton
Thematic Scientific Readings) (Sarov: RFYaTs—VNIIEF, 2002)
p. 82.

4. Voronich I.N., Galakhov L.V., Garanin S.G., et al. Kvantovaya
Eleictron., 33 (6), 435 (2003) [ Quenium Electron., 33 (1), 485
(2003)].

5. Galakhov LV., Garanun S.G., Eroshenko V.A., Kirtllov G.A.,
Kochemasov G.G., Muwrugov V.M., Rukavistuulov N.N.,
Sukharev S A. Fusion Engin. Design, 44, 51 (1999).

6.  Vorontsov M.A., Koryabin A.V., Shmal’gausen V.I.
Upravlyaemye opticheskie sistemy (Controllable Optical Systems)
(Moscow: Nauka, 1988).

7.  Cherezova T., Chesnokov S., Kaptsov L., Samarkin V.,
Kudryashov A. Appl. Opt., 40 (33), 6026 (2001).

8. Hardy JW. Trudy IIER, 66 (6), 31 (1978).

9. Ragul’skii V.V. Obrashchenie volnovogo fronta pri VR sveta
(Wavefront Conjugation in Stimulated Light Scattering)
(Moscow: Nauka, 1990).

M&E10. Safronov A.G. Kvantovaya Elcktron., 22 (11), 1113 (1995)

[ Quantum Electron., 25 (11), 1079 (1995)].

11.  Chanteloup J.-Ch., Loiseaux B., Huignard J.-P., Mourou G.,

Baldis H. Proc. SPIE Int. Soc. Opt. Eng., 3047, 227 (1996).


http://dx.doi.org/10.1070/QE2003v033n06ABEH002440
omis
54
4�673 ˛�/�0 1,2,.34# ˛�5�0 1,
,�6� ��1�0 	ˆ ,2� ˆ�
����
�

˙��˝����ˇ� ˚˚ '˛*� ˙0˚ '�77ˆ* � !	
��	� ˙��˘����ˇ� ˚˚ '˛*� ˙0˚
'�77ˆ*�$

http://dx.doi.org/10.1070/QE1995v025n11ABEH000538
omis
�,�
4�4# ��1� ˆ�
����
�
 ˙��˝����ˇ� ## '��*� ���ˆ '�>>˚*
� !	
��	� ˙��˘����ˇ� #2 '��*� �7,> '�>>˚*�$

http://dx.doi.org/10.1016/S0920-3796(98)00300-7
OMIS
1,2,.34# ˛�5�0 1,
,�6� ��1�0 "
4�3	�.4 5���0 86
6224# 1���0
8473	�,�4# 1�1�0 *�
�94# 5�*�0 ��.,#6�3�6.4# /�/�0
��.3,
	# ���� .	���� ˙����ˇ 2������ $$� ˚� '�>>>*$



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


