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AL IGNMENT AND FOCUSING OEVICE FOR A MULTIBEAM LASER SYSTFM»
William C. Sweatt

University of California, Los Alamos Scientific lLaboratory
Los Alamos, NM B7545

Alstract

Large inertial confinement fusion laser systems have many beams focusing on a small target. The Antares
system is a 2d4-beam (O, pulse laser. To produce un!form illumination, the 24 beams must be individually
Tocused on (or near) the target's surface in a symmetric pattern.

To assesc the quality of a given beam, we will locate a Smartt (point diffraction) interferometer at the
desired focal noint and illuminate it with an alignment laser. The resulting fr 'nge pattern shows defocus,
lateral misalignment, and beam aberrations; all of which can be minimized by tilting and translating the fo-
cusing mirror and the preceding flat mirror.

The device described in this paper will remotely transtate the Smartt interferometer tu any position in
the target space and point 1t in any directiun using a two-axis gimbal. The fringes produced by the inter-
ferometer -re relayed out of the target vacuum shell to a vidicon by a train of prisms. We are designing
four separate "snap-in" heads to mount on the gimbal; two of which are Smartt interferometers (for 10.6 um
and 633 nm) and two for pinholes, should we wish to put an alignment beam backwards through the system.

Introduct .on

A device 1s described that will aid in the alignment of the Antares laser system.l Antares is a
pulsed CO» laser, which {s being built to study inertial confinement fusion. It has 24 beam lines, which
jeliver 48—kJ total energy. These 24 peams must be focused or the target with a minimum amount of aberra-
tion, This i, the purpose of the device explained here. !t consists of a Smartt poi-~t diffraction inter-
ferometer? that can be inserted into the target volume on the target insertion track. The Smartt inter-
feromater Is centered on a Z-axis gimbal so it can be pointed at any ona of the 24 heams. The gimba: is
mounted on a 3-axis translation stage ( ' mm travel) so it can be moved to any point {n the target volume.
The system has been designed so that e!. ¢r a2 633-nm or a 10.6-um Smartt interferometer can be used. This
allows a tremendous range in sensitivity. igure la ts a schematic of the system.

As an aiignment sequence, the Smartt is inserted into the target-vacuum shel) and located where 1 of the
24 beams is supposed to focus. It 1s then pointed at the ueam to be adjusted. The interference fringes seen
wien ft is Jlluminated with an aligament laser show defocus, tflt, and aberrations. The focus can be ad-
Justed by transiating the focusing parabola. The tilt can be corrected and the aberrations minimized by an
apprcpriate conbination of tips and tilts of the parabola and the precrding flat mirrar,

Using the Smartt Interferometer will be a lengthy process (estimated 4 hours); so the pointing of the
first few beams could change slightlv before the last ones are finished. Fortunately, minor pointing cor-
rect‘ons have an insignificant effect on Lthe aberrations, hence a scheme that juickly corrects small point-
ing crrors alone could be quite useful. The following scheme is one possibility.

This gimbal system can also he used in the reverse directiun. The vidicon can be replaced with a laser
and the alignment laser can be repluced with an alignment telescope. The Smartt interferometer would be re-
placed with a pinhole. The result is o point source of light thuc can be located at any point in the targe*
volume where a beom shauld focus (Fig. lb). The pointing error will be seen by the alignment tel:scope so
it can be zcroed,

'n this paper, the optical and mechanical design of the system will be discussed. The gimbal is pres-
ently beinyg fabricated. The prototype should be under test early in [981.

Des ign

The device muit be moderately small, so it can fit through the targel insertion alr lock. This makes
it difficult to install a vidicon on the gimbal. Also, cooling a vidlicon in an evacuated reglon would be
hard, Therefore, the vidicon has been located nutside the vacuum shell, and the image of the Smartt inter-
ferometer is relayed out by a systew of mirrors and prisms. [f the Image {5 transferred out through the
gimhal axes, the image rotates but doey not translate. Tho prisms shown in Fig, ? accomplich this. (The
tmage Is derotated using the "K" pricm seown in Fig. la.) he prisms are being made out of zinc selenide
(/nSe), one of the few materials that will vowmemit both 633 nm and 10.6-um radiation. The advantages ol
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prisms over mirrors are: (1) Twc prisms are vasier to mount than six rmirrors; (2) The relative orientations
of reflecting surfaces within each prism are Mmaintained; and (3) ZnSe is a high index material (n = 2.4 to
2.6), which reduces the apparent optical path length between the interferometer and the outer bearing race.
This means that the beam will have expanded by about half as much at the bearing race as it would while
traveling an equal distancc through air; so th: bearing race, and therefore the whole global assembly, can
be made smaller.

F: ure 3 {s a diagram of the unfolded optical design of the Smarit interferometer system. It shows two
positions for the vidicon. The vidicon should be located at the rear (right) position during the crude
alignment phase. At this position the Smartt plate is imaged on the vidicon {rather than on the fringes).
The mirrors can be tipped and tilted unti) the beav focus is superimposed on the pinhole in the coating of
the Srartt. Using visible light, the fringes should be resolvable at the other focus pocition when the fo-
cus is within +0.4 mm of the pinhole (or +3.5 mm for 10.6 um). The sharpes* fringes are obtained when the
aberrating element, in this case the parabola, is im:ged on the detector, so a small imaging lers has been
sandwiched with the Smartt.

The optics from the Smartt plate, up to and tncluding the vidicon, ar~e all designed 10X larger i1 aver-
ture than required. Hence, smz-] barometric pressure ani temperature changes and small assembly anc prism
errors will not move the image off the vidicon. When the system is being used as a beam projector, t~2il
tilt errors can move the focused beam off the pinhcle. Tha pointing error could be remotely monitorez if a
quadrant detector were built around the pinhele,® as shown in Fig. 4. One of thz flat mirrors just behind
the gimbal can be remotely tilted to correct any minor pointing errors,

The gimbal -ystem can handle 10.6-um and 633-nm 1ight, and both the Smartt and the pinhole; ~ne 177h3)
will be made with four interchangeable heads. This concludes the optical description. The followinz para-
graphs describe the mechanical design.

he mechanical tolerances for the gimba)l system are fairly deminding. The total tolerance hudgst for
the position of the Smartt interferometer and the pinhole is +10 :.m from the desired position. This
includes:

1. +l-um accuracy for the encoders on the tran.,lation stagye;

2. Non-intersection of the two rotation axes (3 ,m);

3. Tolerances on the bearings and races (~2.5.m);

4. Mislocation of the pinhole or Smartt, relative to the the removable head (w2 m);
5. Replacement tolerances for the pinhole and Smartti heads (3 -m).

It {s felt that this error tolerance cin be metl, although 1t will take scue very sophisticatec micrining
and measuring. The lenses, lasers, vidicons, etc, 4.1 have to be interclhiangeahle, too; but the tolcrunces
range from moderate to loose,

Summary and Progrosis

The device described has four configurations., The Smartt point diffraction interferometer using visible
11ght will yield the most information, The interferometer fringes will show defocus, aberrations, and point-
inqg errors to a part of a fringe (-3/2) at 633 nm. This means that errars can be sensed to much bette= than
1720 at 10.6 um. One possible problem is that there r -+ be too much information: so, {f some of the optics
are of much poorer quali' ' than expected, thc in“erferc:ce patterns may be too comploc to ke useful, If this
unlikel, situation were to arise, the 10.6-;m Smartt inter ferometer could Le used with 17 times less sensi-
tivity.

The Smartt interferometer allows the focus and aberrations to oe optimized in addition to the pointing.
This process 15 not painfully stow, byt a faster fin3l pointing schene is desirv:Lie, For this scenario, the
beam projector mode was developed. It can produce a point source of light at the correct location in the
target volume that can bc centered by the au*omatic aligament system. 7Vhe final pcinting should takc about

20 minutes, The 10.6-um beam projector will he used io <alibrate out the dispersion errors exner‘enced by
the visible alignment system,

The device has heen designed and the parts are on order. A prototype will be finished and uncer test in
eerly 1981. The first Antares beam 1'ne will be ready to be aligned a year later,
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