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ABSTRACT 

The activation of a full scale single beam prototype of a multipass amplifier cavity based fusion class laser has been 
completed. A 35 x 35 cm2 beam is amplified during four passes through an 11 slab long amplifier in a cavity, and is 
switched out using a full aperture Pockels cell and polarizer. Further amplification is achieved in a five slab long booster 
amplifier, before being frequency tripled by a Type 1/ Type II frequency converter. We present initial performance results 
of this laser system, called Beamlet. At lea, energies up to 17.3 kJ have been generated in a a 10 ns pulse, and frequency 
tripled beams up to 8.3 kJ in a 3 ns pulse. 

Keywords: inertia! confinement fusion, neodymium glass lasers 

1. INTRODUCTION 

The United States Department of Energy has proposed building a National Ignition Facility for Inertial Confinement Fu
sion. The laser driver of this system will produce 1.8 MJ in a 3.5 ns long shaped frequency tripled pulse to ignite Hohlraum 
targets and study propagation of thermonuclear burn. The conceptual design of this facility is discussed elsewhere in these 
proceedings'. The LMJ (Laser Megajoules) is a similarly sized system, being developed by the CEA (France) and also uses 
multipass amplifiers, although using a different switch geometry. 

The architecture of this proposed neodymium glass laser driver is based upon an optical cavity where the beam makes 
multiple passes through multi-segment amplifiers. This allows the construction of compact and cost effective laser bundle 
arrays, since only one beam size is propagated. Key components for this design are the multisegment amplifier, and a full 
aperture Pockels cell and polarizer to switch the beam out of the cavity. A small pointing offset of the beams in the cavity 
separates the foci of individual passes in the spatial filter that is used to image the injection beam onto the cavity mirrors. 
This separation allows the insertion of a small mirror near the focal plane to inject the preamplifier pulse in the cavity. 

The Beamlet project integrated full scale 2x2 multisegment amplifiers and a 36 x 36 cm2 clear aperture Pockels cell in a 
functional laser system. Its activation started in 1992 and was completed in September of 1994. In addition to the main 
cavity, Beamlet also demonstrated new optical pulse generation technology using waveguide intensity modulators2, 
fiberoptic pulse transport to high gain multipass preamplifiers, flexible spatial beam shaping and wavefront correction by 
deformable mirrors3. 

Figure 1 shows a lay-out of major components of the system. The beam is generated in the master oscillator room, where 
waveguide modulators apply temporal shaping to the pulse. This 200 pi pulse is transported though a 60 m long fiber to a 
high gain ring regenerative amplifier, that brings the energy up to the mJ level. At this point, the round beam is transformed 
into a square beam with smooth edges to minimize edge diffraction ripples during propagation. The pulse is further 
amplified by a four pass rod amplifier up to the Joule level before being injected in near the focal plane of the cavity spatial 
filter. The beam is amplified by four passes through an 11 slab long amplifier assembly in the cavity, and by a single pass 
through a five slab booster section. A second spatial filter, identical to the cavity spatial filter, images the beam onto a 
frequency converter. Part of the frequency tripled beam is sent to a diagnostic station, while the main beam is 
absorbed by a large beam dump calorimeter. 
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Figure 1. Schematic lay-out of the Beamlet prototype laser. 

This paper presents an overview of the operation and performance of the major components, and the first system perfor
mance results of the 1.05 \i and me frequency tripled 350 nm beam. We will refer to detailed discussions of various Beamlet 
subsystems that have been published elsewhere in these proceedings. 

2. COMPONENT PERFORMANCE AND SYSTEM INTEGRATION 

Beamlet uses 16 amplifier segments, eleven in the four-pass cavity amplifier, and five in the booster amplifier. Each 2x2 
aperture segments consists of two one slab-wide and two slab high Basic Amplifier Units. Each segment is pumped by 32 
flasblamps distributed among two side arrays and one central flashlamp array. The amplifier cavity and flashlamp distribu
tion have been optimized to provide uniform pumping and high stored energy efficiency, 3 % at the operating point of 20 % 
flashlamp explosion energy4. Only one of the four §pertures has high quality LG-750 laser glass, while the remainder three 
apertures contain architectural glass that mimics the laser glass absorption properties. The slabs provide a clear aperture of 
39.5 x 39.5 cm2. This clear aperture is required to accommodate the 1.6 mrad beam pointing offset off the 35 cm square 
beam in the amplifier cavity. 

The long axis of die slab is 74 cm long. As a result of the high gain x length product, amplified spontaneous emission 
reduces the gain near the edges by 2.5 % at the nominal operating point. The spatial profile of the overall small signal gain 
of the combined 49 slab passes has a parabolic shape with 3.5:1 center to edge gain variation. The injection spatial beam 
profile is precorrected using a spatially shaped transmission filter to obtain a spatially uniform output beam profile. This 
provides for maximum fill factor in the high fluence output section of the laser, where the laser performance is limited by 
the damage mreshold of die optics. 

The pump induced wavefront aberration generated by propagating die beam through the 49 slabs is approximately 1.1 
waves peak-to-valley, and is corrected by a small deformable mirror in the injection beam patii. 

The Beamlet and NDF multipass architecture uses near field switching to dump the pulse out of the cavity on its 4m pass. 
This is accomplished by turning on a full aperture Pockels cell during passes 2 and 3, such that die pulse is transmitted 
through the large polarizer between the Pockels cell and die cavity end mirror. The Pocekels cell is turned off before the 
pulse returns on pass 4, such tiiat me pulse is reflected by the polarizer. 

The Beamlet Pockels cell, uses plasma electrodes to create me necessary half wave retardation over die 1 cm tiiick KDP 
crystal by the longitudinal eleclrooptic effect. The KDP crystal is mounted in the midplane of a vacuum cell containing a 
low pressure helium-oxygen gas mixture, which is ionized to form a conducting discharge plasma on bodi sides of the 



crystal5, as shown in figure 2. The switch pulse (16 kV, 200 
ns pulse length) is applied between the two plasmas. These 
plasma electrodes provide a very uniform field and extinc
tion of the optical switch, and do not suffer from optical 
damage6. 

Because the KDP crystal presents a 5 % absorption loss at 
1.05 n, the PEPC has an overall optical transmission of 
0.92. The transmission (leakage of the switch) through the 
polarizer on the 4th pass is less than 0.6 % of the energy 
incident on the switch. This depolarization loss is mainly 
caused by vacuum induced stresses in both windows of the 
PEPC. The leakage beam is reflected by the cavity end mir
ror, and propagates back to the spatial filter as pass 5, 
where it is absorbed by beam dumps near the focal plane of 
the cavity spatial filter. Reflection losses of the beam on 
pass 2 and 3 are small, and blocked by a similar beam 
dump in the transport spatial Filter. 

Operating a multipass amplifier in a closed cavity requires 
careful shielding of the focal plane area of the cavity spa-

Figure 2. Schematic diagram illustrating the op- tial filter to prevent feedback and parasitic oscillations, 
eration of the Plasma Electrode Pockels cell. Beamlet was tested up to a maximum cavity round trip gain 

of 320, without indication for the presence of parasitics 
waves or abnormally high Amplified Spontaneous Emis

sion levels. 

During pulse propagation through the amplifier, ghost reflections from AR coated lens surfaces can propagate through the 
cavity and spatial filter pinholes as small pencil-like beams. These pencil-like beams are no serious threat to the system 
under normal Beamlet operating conditions7. 

3. LASER PERFORMANCE RESULTS AT l a 

Beamlet's design has been optimized to generate a 3 ns square output pulse at a fluence of 12 J/cm2, corresponding to 12.2 
kJ in a 34x34 cm2 beam with an 88 % beam fill factor. To achieve this output energy an injection energy of 0.7 J is required. 
This pulse is amplified to 6 U in the 4 pass cavity amplifier. The combined small signal gain of the 11-slab long cavity 
amplifier is 15. Energy extraction from the cavity amplifiers is very small during the first three passes, and only during the 
last pass 17 % of the energy stored is actually extracted. Approximately 30 J leaks through the optical switch on the last 
pass, while the remainder 6 kJ is further amplified up to 12 kJ in the 5 slab long booster amplifier. The extraction is very 
high in the booster amplifier, approaching 32 %. This high extraction leads to gain depletion and introduces a distortion of 
the temporal pulse shape. The pulse generation system in the front end of the laser compensates this gain saturation by 
temporal shaping of the intensity. Figure 3 shows the energy output versus input energy relation for the case of a 35 x 35 
cm2 beam area, and a modeled curve based upon known glass saturation and optical transmission parameters. Figure 4 
shows the corresponding input pulse shape contrast required to obtain a flat square output pulse. Beamlet's highest lco 
energy was 173 kJ in a 10 ns pulse, the corresponding fluence was 16.5 J/cm2. 

The experimentally demonstrated Beamlet performance is shown on figure 5 in an intensity versus fluence diagram. In this 
type of diagram, pulses with equal duration are located on straight lines passing through the origin. The points represent the 
highest Beamlet performance at a specific pulse length and the solid curve represents a calculated system performance limit 
based on optical damage constraints. Below 3ns, nonlinear refractive index effects in the booster amplifier section limit the 
performance because of intensity modulation growth. The actual limit calculation is based on a AB limit of 2. Above 3 ns, 
the output fluence is limited by the damage threshold of the cavity polarizer. This is indicated by the discontinuity of the 
solid curve in figure 5. The system rapidly approaches Hie extraction limit beyond output fluences of 17 J/cm2, where 
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Figure 3. Output energy vs injected energy 
of the Beamlet amplifier, with a 35x35 cm 2 

beam size. 

Figure 4. Input contrast required to gener
ate a square flattop output pulse. 

unreasonably high injection energies are required to achieve only small increments in system output energy. The damage 
threshold of the polarizer limits the maximum cavity output fluence, and therefore the number of slabs that can be located 
in the multipass cavity. 

The fluence modulation of the near field at the output relay plane of die system, where the frequency converter is located, 
remains below 1.32:1 peak-to-average at 12 J/cm2 output fluence (3 ns pulsewidth). A typical near field image is shown 

on figure 6. The image shows horizontal line fea
tures. These are caused by residual phase errors re
sulting from small tool finishing methods of the 
amplifier slabs. The diffraction rings are traced to 
contamination in the smaller diagnostic optics. A 
histogram of the fluence distribution correspond
ing to this image is shown in fig. 7, together with 
the histogram of the beam as modeled by a propa
gation code that includes phase maps of the ampli
fier slabs and KDP crystal in the PEPC8. 
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Figure 5. Beamlet shot performance com
pared to calculated performance limit (solid 
curve). 

The beam path on Beamlet includes over 170 opti
cal surfaces, including the 49 amplifier slabs, lead
ing to a static wavefront error of 2.5 waves p-v 
(peak-to-valley). During a shot, additional aberra
tions are introduced by the nonuniform illumina
tion of the two sides of the amplifier slabs, leading 
to an additional 1-1.5 waves p-v aberration. An 
adaptive optics system was installed on Beamlet to 
improve beam divergence and focusability under 
these conditions3. This system also proved to be 
very useful because of its ability to correct the 
large and slowly decaying thermal aberrations in 
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Figure 7. Histogram of the fluence distribution distribu
tion corresponding to the beam shown in fig 6. 
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Figure 8. Far-field intensity distribution of the lco Beamlet 
beam with wavefront correction applied. 

Figure 9. Encircled eneigy versus divergence 
cone half-angle for the far field distribution shown 
on fig. 8. 



the amplifiers following a system shot. 

We recently succeeded in a nearly complete correction of static and dynamic wavefront aberrations during a full system 
shot Fig. 8 shows the far field image of a wavefront corrected lw beam on a 5 kJ shot (3ns). The central spot in this 
image corresponds to the size of the central spot of the far- field of a diffraction limited 35 cm beam. The radial integral 
of the energy distribution in the far- field is shown in fig. 9. Approximately 33 % of the total energy is contained within 
this diffraction limited area, while 98% of the energy is contained within a ±30 prad divergence angle. Since a diffraction 
limited beam would have 82 % of its energy in the central spot, the Strehl ratio of the Beamlet spot is 0.4. This agrees 
well with the wavefront measurement of 0.18 waves RMS reported by the Hartmann wavefront sensor in the output 
diagnostics. 

Wavefront correction becomes somewhat more difficult when the amplifiers are warm, and convection distorbs propaga
tion in the amplifier cavity. Active cooling of the amplifiers is being investigated for use on the NTF system, and will 
reduce the cooling time significantly compared to BeamleL 

4. FREQUENCY CONVERSION AND PERFORMANCE RESULTS AT 3co 
Beamlet uses an angle tuned Type I/Type II frequency tripling scheme with a KDP doubler and an 80% deuterated KD*P 
tripler. The frequency converter design is optimized to provide maximum conversion at 3.5 GW/cm2 incident 1© inten
sity using a doubler detuning angle of 250 uradians9. The crystals are mounted in an enclosure that maintains a 0.1°C 
temperature stability in a class 100 clean room environment. Absolute angular alignment of the doubler and tripler is 
achieved by locating the backreflections of the crystal surfaces in the focal plane of the transport spatial filter using a 
calibrated alignment screen and a telescope. 

The converter design was tested during two campaigns, one using 32 x 32 cm2 crystals, propagating a 29.5 cm beam, and 
a second campaign tested 37 x 37 cm 2 crystals with a 34 cm beam. During the first campaign, we demonstrated doubling 
efficiencies of 85 % at incident intensities of 5 GW/cm2, and tripling efficiency of 80% at 3 GW/cm2 incident loo inten
sity. Shaped 1© pulses consisting of a 7 ns low intensity foot (0.4 GW/cm2), and a 3 ns main pulse(3.2 GW/cm2) were 
converted with 64 % average efficiency. 

3co 

angle tuning 

Divergence angle (|irad) 

Figure 10. Type I/Typell frequency 
converter scheme used on Beamlet 1 0. 

Figure 11. Encircled energy fraction ver
sus divergence cone half-angle for the in
cident loo and frequency tripled beam. 



During this campaign, the frequency tripler was operated at 3oo fluences exceeding 8.7 J/cm2 without damage. The larger 
frequency converter crystals converted witii slighdy lower efficiency, 73 %. We believe mis was caused by mounting 
stresses and non-optimum anti-reflection coatings on the crystal. Beamlet's maximum 3co energy was 8.3 kJ in a 3ns 
square pulse and 34 cm beam size. 

Transverse Stimulated Raman Scattering driven by the 3<a beam in theKD*P tripler is a limiting factor in determining 
beam aperture limits for NIF. We performed measurements of the gain coefficient for this process using a special side-
scattered light diagnostic. A detailed discussion of these results is reported elsewhere in these proceeedings ". 

We measured the beam quality at the output of the frequency tripler. Near field fluence modulation was 1.35:1 peak-to-
average using the smaller (32 cm) crystals, and 1.5:1 with the larger (37 cm) crystals. Results of a preliminary measure
ment of the 3© far field energy distribution, and the corresponding distribution of the loo incident beam are shown on 
figure 11. 

A dedicated vacuum focusing vessel for the frequency tripled beam is being constructed to examine the focal plane irradia
tion in an arrangement very similar to the design of the NIF final optics assembly. This includes the use of a square wedged 
focusing lens and a kinoform phase plate to shape the far field intensity distribution. _ 

5.CONCLUSION 
Beamlet has demonstrated the advanced Nd:Glass laser technology enabling a new performance level for fusion laser 
drivers. The feasability of the multipass amplifier architecture with multi-segment amplifiers and a large aperture Pockels 
cell has been verified in a full scale scientific prototype, that operated at a performance level in agreement with models 
and predictions. Wavefront correction using an adaptive optics system resulted in 2x diffraction limited loo output beams. 
High efficiency Type I/Type II frequency tripling was achieved, and the tripler crystal was operated without damage at 3oo 
fluences up to 8.7 J/cm2. 
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