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Tecnnique using axicons for generating flat=top laser—beam profiles

V. K. Viswanatnan, G. L. Wooafin, 0, Stanl,
J. P. Carpenter, G. Kyrala

University of California, Los Alamos National Laporataory
P.0. Box 1663, MS E523, Los Alamos, New Mexico 87545

Abstract

In certain Vucion experiments wusing COp lasers, like Hel’os,* it is gesired to
produce a focal spot several times larger tnan the nominal rfocal spot, with a flat bpeam
profile. The typical focal spot 1n Hellos is rougnly 70 um ana Just defocussing "ne dDeam
produces beam preakup, witn several hot spots witn rougnly :ne original afameter, ana 4
gaussian aistrioution.

A numper of scnemes were tried to a.nieve a large spot with desired characteristics.
These are descridbed in tne article. Axicons were found to produce spots witn .Jasireaq
charactaristics. Axicons are lenses or mirrors naving a cone-snaped surface.

The various scriemes ar: described, as well as an experiment in Helios whicn confirmed
that axicons produced tne spots witn gasiradble cnaracteristics. Halios is an B-oeam CO;
laser wnicn produces 10 kJ at power In axcess of 29 TW. [t is currently being used for
Laser Fusion studies at the Los Alamos National Laboratory.

[ntroduction

There are several reasons for attempting to generate large spots with a flat-top
profile. Irn tne COz ICF program, one of tne cnief concerns {5 tne generation of not
electrons produced in the laser plasma interaction, particularly at tne nign intensitias
of a tigne focal spot, One ~“atnod of reducing Thot then 1is to uniformiy irragiate a
targat witnh a reducead avaraga iatensity, and the experience at Healios 3inowed that merely
geafocusing tne incident laser beams did not eliminate nign intensity not spots,

Anotner reason for attempting to generate large spots with a flat top profile was
generated Dby sSNOCK wave experimunts contamplated on powerful C(O; lasers,.? Tnese
expariments require uniform planar illuminations over spot sizes much larger than tne
aiffraction limited spot sizes of the focusing optics. [n many of tne experiments tnat
study tne interaction of laser ragiation with matter, one would like to mave as uniform an
irragiance as possible, so thnat one quantity ratner than a range for the intansities can
be defined and studied.

Typically, %o get a 10 percent variation 1in the snock velocity, a 30 percent
non-uniformity in tne laser drive can pDe tolerated. OQne of tne ground rules for any
possible scnemn wes tnat it can pe implemanted on tne (O, fusion laser witnout major
moQifications o difficulties, Tnis meant tnet modifying tne large optics in tna system
was ruled out, and tnat :ne actudl alignment procedures already in use in Hel'os could not
be drastically altered. As a consequence, all the metnods were triud on a mock-up Of the
power ampiifier-target sres of Helios(only tne optics were mockeo up). The various
schemes <tried angd the results odDtained are describaed. The 4axi1con scheme produced
successful results Dotk in tne mockup and in the Helios laser sysiem, itself,

Description of the Various Unsuc¢cessful Scnemes

Figure | snows the optical schematic of nne of the beams of tne Helios laser power
amplifier/targe" area. [n the laporatory, this was the mock-up which was used for tnese
experimants, The gain medium, as well as the saturacle abdbsorbder was not used, This
decision was Dased on the fact that it would nave been too difficult to do the experimaents
witn tnem, combined with tne previous knowledge tnat tnay do not appedr to affect tne
optical quality of tne Dpeam. The l-tnch=diam geusstian beam from tne front end of tne
system {3 aqxpanded by & 17x Gregorian afocal telescope, and the central 15 3/4 incnes of
the expanded beam 13 cnosen Dy the use of aperture marks. Thij oeam {13 focused Dy tne
off-dperture paradola at the target plane, Thne typical size of tnhe focused (F/no. = 2.4)
spot 13 70 um s diameter. Figure 2 shows & typical focal spct and a typical

* Hellos 13 an eignt-beam CU,; laser wnicn produces 10 xJ at power in aexcess of 20 Tw,

It 13 currently being used for Jaser fusion studies at tne Los Alamos National
Laboratory.
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cross-section of tne intansity profile as seen by a viaicon traca. The distripution is
gauss‘an, as 1s to be expacted. Tnis is typical of tne spots produced Dy tne Helios laser
also. Figyre 3 snows the typical appearance of tne focal spot at i mm defocus. Tne Deam
preaks up into not spots, and eacn not spot iS again rougnly 70 um.

The first attempt that was made tried to see if the number of spots could be reduced
to one, and to see if the pattarn of tne distripbution cnanged. This was attempted with
variougs aperture masks, a typical one Deing spown in Fig. 4, The mask was placead in a
collimatea space between tne recollimating mirror and tne 45 turning flat. The rasults
are shown in Fig, 5. [t was possible to reduce the numbar of spots to almost
one ana rougnly 2/ of tne energy was in the spot. However, tnhne vidicon trace shows tne
distripution to be still gaussian in nature.

The naxt attempt was to use tne aperture mark in conjunction with a salc wedge to
snift tre phase in parts of tne beam. This 15 shown in Fig. o. This resultea in
enlargement of tne _.efocused spot, out as the vidicon trace snows, the flat top
gistripution was not achievea.

" Next, various schemes used by others already were tried, and these did not produce tne
desired results due to varicus reasons. [t 1s generally known tnat for a gaussian
circular beam, if an annular part of tne beam (tne extent depending on tne nature of thne
gaussian distribution) 1is phase-snifted by /2, at tne focal plane, a flat bear profile
resylts. However, for large defocus, that is of the oraer of 1 mm or so (depth of focus
peing »ll0 um) this doas not appear to work. The next attempt was to Sputter the small
diverging mirror in tne hope of destroying the coherence proparties of tnhe liser peanm.
This was not successful eitner. Tne only rasult was a ievere anergy loss at focus,
Anotner similar unsuccessful attempt was a mesh mirror wnicn introduced random pnase
snifts in the Deam, Yet another attempt which snowed promise was tnhe use of tne
Ro~ketdayne deformanle mirror.3 Tne deformabla mirror repleced tne recollimating mirror
in tne powear amplifier (Fig. l). [t appeared feasiple thit tne Jevormanle mirror can
<reate a flat top profile in a defocused condition, Dbut unfortunately this particular
mirror nad only 19 actuators and %his proved to oe inadequate. A deformable mirror witn
aoun:? the number of actuators probably could nave produced 4 large spot with a flat oeam
profile.

Use of Axicons

Axicons nave the property of nroducing a long line focus wnen they image & point
source. With finite size beams, tne effect is to produce a focal region over & ' ong
distance wnhere the Deam sile Dhardly cnanges. We modeled the Healios triple pass
amplifier/target cnamper area optical system on ACCUS v. B8y replacing tne aiverging
mirror (Fig. 1) witn & J urad axicon, we found that we were able to create & large 3pot
with a tiat profile, However, we encountered two practical objections to use of a pure
axicon in the systam. The first objection nas to do with tne fact thnat a pure daxicon
proguces .ings at the output salt. Tnis maans that tne salt would De damaged in Cthe
actual Helios laser system Decause of the tremeruous gains that are involveda. The sgcony
obJjection nas to do with tne fact that the laser cannot be aligned using the aexisting
Hartmann scneme.4 Figure 7 snows tne rin¢ structure produced Dy & Jure axicon.

To overcome these two objections, the axicon was moatfied as shown in Fig. 8. Thne
Zonal axicon wnicn w:s actually usea in the Helios experiments consisted of tnhne cent.al
13 mm of the original diverging mirror, followed by an annular axicon region of 8 mm,
again followed by tne original spnerical mirror contour. The central region acted like a
large F/no. system, enlarging the spot sile, ana the annular aaicon region again acting to
increase the spot size as well as dapth of focus in the imaye space. Figure 9 snows the
235 um spot producea by tnis kind cf axicon. The vidicon trace $now. tnat we nave indeed
icnhievea the flat top profile we ware seeking. Comparison witn Fig, ] shows tnat we have
botn enlargead the spot considerably, and made tne profile a4 flat top &3 opposad to °
gavasian profile, Wa digitized the focal spot and confirmed tne lack of not spots iIn tne
spot. Figure 10 shows the results of tne digitization,

Expariments 'n Helios

The moaitied lonal axtcon described above was installed in the Halios laser, replacin
the diverging mirror in tne triple pass amplifier in bDeam line 4=A of Heltos. Figure lr
summarizes the axicon snots taken in Helios. Figure 12 shows tne typical results obtaineg
witn x=rdy pinnole pnotograpns. At |l mm derocus, the picture on the left (n Fig, 12 snhows
the non-yniformity in the a2.rdy pinnole image. The picture on the rignt shows tnat °he
focyl spots are indeea uniform. The lowering of tne not electron temperatures, wnich wus
noticed also, confirms the fact that the focal spot was large and of uniform intensity.
We nope to descride the pnysics results in a separate paocer soon.
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onclusions

The use of the modified axicon indeed does result in a large spot with a flat top beam
profile. wWe also learned tnat one nas to pe careful in us.ng axicons in systems wnera
aamage could conceivably be a proolem.
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Fig. 1. Helios triple pass optics and target chamber.



Fig. 2. At best focus {70 um diam. spot).

fg. 3. Typical appearance at 1mm defocus

rach lobe is approx. 70 um diam.). Fig. 4. Typical aperture nask.

Fig. 5. Aperture mask 66% energy redirection of spots n

) enlargemant.



Fig. 6. Aperture mask with salt wedge 75% energy enlargement of spot. Hot spots created.

Fig. 7. Ring structure Jroduced by pure axicon.
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Fig. 8. Descriptions of the various axicons tried in the laboratory.
Twelve axicons were tried in the lab, of the following basic types:



Fig. 9. Modified 3 mrad axicon minimized ring at output salt no rings at focus.

Fig. 10, Results of Digitization.
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SHOT NO. ENERGY(J)  DEFOCUS(MMS) COMMENTS

82060402 703 2.5 REFERENCE SHOT WITH DIVERGER. SPOT SIZE:875 microns.
820601707 k.7 2.3 3mr ZONAL AXICON. SPCT SIZE: 750 microns.
82060408 602 1.5 REFERENCE SHOT WITH DIVERGER. SPOT SIZE: 500 microns.
82060706 34 1.5 3mr ZONAL AXICON. SPOT SIZr: 625 microns.

8206G708 352 2.0 3mr ZONAL AXICON. SPOT SIZE: 625 microns.
PLEASE NOTE: '
ALL THE SHOTS WERE AT DIVERGER BEST FOCUS, WITH VARYING TARGET SIZES.

Fig. 11. SUMMARY OF THE AXICON EXPERIMENTS IN HELIOS.

Fig. 12. 1 mm defocus with no modifications
to beamline,

1 mm defocus with modified 3 mrad axicon in
beamline.




