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A NUMERICAL STUDY OF THE NANOSECOND AND

SUBNANOSECOND PERFORMANCE OF GEKKO XII-MODULE

1. Introduction

The GEKKO XII laser at Osaka University will ultimately be a twelve

beam, 20 kJ, 40 TW system design for laser fusion studies. Recently,

Osaka University scientists reported on the short pulse performance of

the prototype module of this laser, which is called GEKKO XII-Module,

quoting an output of up to 3.4 TW/beam before beam breakup was encountered.
2'3

The GEKKO XII-Module performance is of especial interest to the U.S.

ICF program because the components are similar to those in the Shiva laser

at Lawrence Livermore National Laboratory - with the significant difference

that LGH-7 phosphate laser glass is used rather than a silicate laser

glass. The performance of this laser should therefore provide data on

the performance to be expected from Shiva when it is retrofitted with phos-

phate glass as part of the Nova upgrade.

In this report, we summarize the results of a numerical investigation

of the expected performance of the GEKKO XII-Module laser at nanosecond and

subnanosecond pulsewidths. The configuration and amplifier (small signal)

performance were as specified by the Osaka laser group. The large signal

behavior was calculated using the NRL laser amplifier code KARL, plus

a spatial filter transmission algorithm similar to that used to model

the present performance of Shiva. The Osaka claim of 3.4 TW/beam in a

short pulse is reasonable; however, the reported configuration is

not a particularly good choice for nanosecond operation, as coating damage

would be expected at slightly above lOOOJ/beam. Various reconfiguration

Manuscript submitted February 10, 1981.



choices and passive optics modifications were examined to alleviate this

problem, and with a reasonably optimum strategy, outputs of 1800-2000J/beam

appear possible. Addition of a second twenty cm amplifier to each beam would

raise the output to about 2500J/beam.

2. GEKKO XII-Module Configuration

The GEKKO XII-Module consists of various preamplifiers followed

by a 5-10 cm beam telescope/spatial filter; a 10 cm disc amplifier; a

Faraday rotator package; another 10 cm disc amplifier; a 10-15 cm spatial

filter telescope; a 15 cm disc amplifier; a Faraday Rotator package; a

15-20 cm spatial filter; a 20 cm disc amplifier; a Faraday Rotator package.

A final lens was assumed at the end of the chain as an initial element

of a relay telescope/beam expander before the target optics. Figure 1

is the schematic diagram, and Figure 2 shows a recent picture of the

installation, with the oscillator and preamplifier section in the center,

and the first test arm on the right hand side.

In the computer studies, the performance of components reported by

the Osaka group was used where the information was available; where such

information was not available, the specifications of the equivalent Shiva

component were used. 4  Exact component values are tabulated in the

computer printouts included with this report. It should be noted that

the reported gain of the 15 cm amplifier was significantly lower than

the achievable value. This amplifier is less efficient because the

diameter of its flashlamp circle is comparable to that of the 20 cm

amplifier, in order to accomodate additional fixtures used for testing

liquid edge cladding of the laser glass. 5  Table 1 shows a comparison

of the amplifier gains on GEKKO XII-Module and Shiva, and the ratio of

2
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the gain coefficients for the two systems. A gain of 3.4 was reported

for this amplifier, but a gain of at least 4.88 should be possible if

one compares, for example, the 10 cm amplifiers. In computing the

Gekko XII short pulse performance we used the reported gain for this

amplifier, but in examining nanosecond operation we looked at the per-

formance both with the reported gain and with what should be the achievable

gain for the 15 cm disk module.

3. Computer Code

6The numerical calculations were carried out using the KARL code with

twenty radial zones and fifty time steps for each optical component.

For the pulse incident at the 50 mm rod, the temporal shape was assumed

to be Gaussian, while the radial profile was a hyper-Gaussian

12
exp t-(r/r°) with r - 20 mm.

The laser amplifiers were modelled by the Avizones-Grotbeck rate

equations7 with a lower level relaxation term:

alaz = (W2 - nWI) I - yI

aW2 /at = -(w 2 - nWl) I/(l +n )Fs, W2('=) = 1

aw1 /at - - aw2 /at - WI/T 1 , W1(-) = 0

Here, I is the intensity, W {W I} is the normalized upper { lower} level

2~ 1

population, n is the upper/lower level degeneracy ratio ( n= 1 in all of

the runs shown here), Fs is the short pulse saturation flux, and T

is the lower level relaxation time. The initial gain coefficient

is found from the relation ot 0 . .+ L 'n G0, where G is the measured
0

small signal gain of the amplifier, L is the active path length, and Y

6



is the loss coefficient, which models the estimated 1% loss per disc.

For most of the runs shown here, we chose F - 2.42 J/cm2 8Formos oftherun shwn ere wechoe F- 242 /cm with T1 =3

nsec; in Tables Viii and X, however, we used the more optimistic value

F M 3.6 J/cm 2 (with T1 a 1000 nsec). In test problems where y- 0 and

T1 " t(pulse), the numerical solutions were found to agree with the

Frantz-Nodvik theory to an accuracy better than 1%, even under heavily

saturated conditions.

Quantities computed after each component include total power and energy,

incremented and total B integrals, peak to average intensity ratios,

maximum intensity, and energy density. These are defined in more detail

in Table 11. For the nanosecond cases spatial filter transmission was

assumed to be unity, as the largest AB generated between successive spatial

filters was 1.8 in all the cases studied here. For the short pulse cases

a LLNL algorithm was used, as discussed below.

4. Short Pulse Test Case

The code was operated to predict GEKKO XII-Module short pulse (50 ps)

performance. The spatial filter transmission algorithm used, T( B) =

I + 2 x 10- exp (2AB)} -1, was obtained from W.F. Hagen of LLNL, and

is the one in use for Shiva and Nova calculations. The generation of low

spatial frequency ripples by pinhole truncation and low frequency self-

focusing noise amplification was not explicitly included, but was modelled

by restricting the spatial profile to have a peak/average intensity ratio

greater than 1.6 to 1.

Table III shows a computer listing for the short pulse performance

of the original design reported in Ref. 1. Here, a spatial filter was

also added at the output of the reported configuration, in order to

7
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highlight the problem with this design. Immediately after the 20 cm

disc module, over 4TW/beam of focusable power is available (incremental

B = 1.95). However, the Faraday rotator package (POL-ROT-POL) immediately

following has a very large additional B increment (1.88), and one would

expect that much of the power through the final lens would not be focusable.

The focusable output is shown on the bottom line of Table III, and the

corresponding spatial and temporal profiles are shown in Figure 3. The

center of the pulse has clearly been "blown out", resulting in a focusable

power of only 2.4TW/beam. It should be noted that the 3.4 TW performance

reported in Ref. 3 was measured without the final Faraday rotator package.

Fortunately, this package can be retained in the system without

a significant loss of performance. Interchanging the location of Faraday

Rotator modules and disk modules in both the 15 and 20 cm sections, one

obtains a focusable power of 3.6 TW/beam as shown in Table IV and Figure 4.

The reconfigured system has adequate isolation in that a 60% back-

reflection would still produce only 1.5J/cm2 on the 20 cm Faraday rotator.

5. Nanosecond Pulse Performance

The expe'ted nanosecond performance of the reported configuration is

summarized in lable V. This design is limited by damage to the AR coated

input lens of the 10-15 cm telescope at an output of about 1000 J/beam.

This is essentially the same problem as encountered with Shiva at long

pulses; i.e., even with the added gain in the phosphate disc amplifiers,

the laser is still optimized for short pulses. In this calculation we used

a saturation flux of 2.42 J/cm 2 . Use of a higher saturation flux such

as 3.6J/cm2 would increase the output slightly (ie. -10%).

9
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The performance can be improved somewhat by the use of uncoated

input lenses to the spatial filters, and the interchange of disc and Faraday

Rotator modules. Table VI summarizes this case for a saturation flux of

2.42 J/cm2 . One can now obtain 1300 Joules/beam with a maximum allowable

backreflection of 65% (assuming a SJ/c 2 damage threshold 9 at the AR coated

Faraday rotator). Note, however, that the highest fluxes are still en-

~countered on the some 10-15 cm spatial filter Ions, so we have not re-

moved the bottleneck.

Increasing the gain of the 15 cm disc amplifier from 3.4 to 4.88 will

also improve the situation somewhat, as shown in Table VII for a 2.42 J/cm2

saturation flux. The output increases to 1500 J/beam, and the bottlenecking

2is further reduced. If a saturation flux of 3.6 J/cm is assumed

(Table VIII), even less bottlenecking is evident, and an output of

1710J/beam is obtained. The allowable backreflection for these two cases

is 60" and 45%, respectively.

To increase the output above this level, it is necessary to either

increase the gain of the high energy section or decrease the losses in

this section. One way to decrease the losses is to replace the uncoated

spatial filter lenses with lenses fabricated of a phase separable glass

such as Hoye ARG-2. Tables IX and X show the expected performance if this

is done for saturation fluxes of 2.42 and 3.6 J/cm , respectively. Outputs

of 1800J/beam and 2060J/beam were obtained for the two cases, and the

allowable backreflections were 48P and 35 . Note, however, that

moderately high fluxes were incident on the AR-coated Faraday Rotator

glass; i.e., 4.51J/cm2 and 5.12J/cm2 .

The alternate strategy (ie. increase of the gain) was examined by model-

,ing the performance with an additional 20 cm amplifier. Table Xl and F;g. 5

15
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show the results for a case where this was done using uncoated spatial

2
filter input lenses and a saturation flux of 2.42 J/cm . An output of 2500

Joules/bearm was obtained from the laser at the same total B integral as

found in the previous cases at 1800 and 2060 J/beam outputs: moreover,

2the flux on the Faraday Rotator was reduced to 3.86 J/cm . The allowable

backreflection in this configuration was 25%. With a higher saturation

flux or ARG-2 lenses, the output energy would not increase because the

output lens is now the weak link; however, these expedients could be

used to reduce the B integral and the flux on earlier components to slightly

lower values.

6. Summary

The GEKKO XII-Module phosphate laser system appears capable in the reported

configuration of substantially exceeding the Shiva performance. In fact,

it appears that it would closely match the per beam performance of Argus

(2.5 TW short pulse, 1000J in a nanosecond pulse) with much lower cost

because of the smaller number of amplifiers.

The reported configuration, however, does not appear to represent the

most cost effective strategy for either short or long pulses. A different

configuration of the same elements and a different type of input spatial

filter lens appears capable of increasing the output by at least 50%.

Adding an additional twenty centimeter amplifier to each arm appears

to be a relatively cost effective strategy for boosting the output in

nanosecond pulses to 2.5 kJ per beam. Although these designs would provide

adequate isolation for most single beam experiments, they would probably

have to be supplemented by plasma shutters9 at the outputs in multi beam

configurations, where backreflection could be a serious problem.

23



If Shiva were retrofitted with phosphate glass, it should be capable

of 35kJ or more with the present amplifiers, and 50kJ with an additional

20cm phosphate disc amplifier per beam.
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