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cw mode-locked
Nd:YLF laser

long wavelengths emerge from the fiber ahead of the shorter
wavelengths. A single pulse from the fiber was then amplified in a
Nd:glass regenerative amplifier. The amplifier cavity included a 50%
reflecting-output coupler, producing a 15-pulse envelope that contained
~7 ml. The entire pulse train was used for the broadband frequency-
tripling experiment. The experiment consisted of two configurations:
one with and one without angular spectral dispersion.
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Fig. 37.32
The experimental setup used to study broadband frequency tripling included a ¢w mode-locked
Nd:YLF laser source that was fiber-optically coupled to a Nd:glass regenerative amplifier. 25 A of
spectral broadening was generated through 800 m of fiber and maintained within the regenerative
amplifier. The broadband radiation was harmonically converted through a KDP crystal, using the
angular dispersion made available by the holographic gratings.
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For the case when angular spectral dispersion was impressed on the
input wave, the grating was oriented so that the plane of dispersion
contained the e-axis of the tripling crystal. The source of dispersion
was a Holotek* photoresist, holographic “Master” grating. The periodic
structure of the grating had a spacing of about 1.1 pm and was used at
45° to produce an angular spectral dispersion of 137 prad/A. The
beam was then passed through a polarizer to set the polarization
required for optimum harmonic generation. The beam intensity was
adjusted by way of a half-wave plate located before the polarization-
sensitive diffraction grating. The second-harmonic converter was a
1.6-cm KDP crystal oriented with its optic axis in the y-z plane. The
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optic axis of the doubling crystal was adjusted so that the phase-
matching condition was satisfied by the center frequency of the input
laser. Since the angular dispersion of the input wave was in the x-z
plane, the frequency components of the input beam are effectively all
o rays within the doubler and are insensitive to small angular changes.
The second-harmonic signal then exits the crystal polarized in the y-
direction and is mixed with the residual fundamental radiation in
another 1.6-cm KDP crystal. The third-harmonic generation crystal
was oriented with its optic axis in the x-z plane so that the angular
dispersion impressed on the input wave matched the acceptance angle
of the tripler (166 prad/A).

The experiment measured the intensity of the third-harmonic signal
as a function of the tuning angle, with and without angular dispersion
from the high-power grating. The results are displayed in Fig. 37.33.
The intensity of the third-harmonic signal increased by greater than a
factor of 2.5 for the case when angular dispersion was impressed on
the input beam.
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Fig. 37.33

For the first time, optimum third-harmonic generation of broadband light was demonstrated using
angular spectral dispersion. Without angular dispersion, the tripler efficiency is relatively insensitive
to tuning angle. Tripler efficiency substantially increases with the addition of an angular dispersion that
approaches the wavelength mismatch in the KDP tripling crystal.

SSD Demonstration on OMEGA

Broadband phase conversion using SSD has recently been fully
implemented on the OMEGA laser system. A wide range of
diagnostics was deployed to demonstrate the benefits of SSD, both for
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the fusion target and the laser system. Figure 37.34 is a comparison of
the equivalent-target-plane intensity distributions for normal focusing
(a), phase-converted focusing (b), and broadband phase conversion
using SSD (c). Phase conversion with the distributed phase plates
produces a well-defined envelope and shifts the intensity-power
spectrum toward high spatial frequencies. SSD smooths these higher
spatial frequencies and reduces the modulation of the lower spatial
frequencies at the same time.
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Fig. 37.34

Equivalent-target-plane photography shows dramatic improvements in the focal beam quality after
implementing SSD on the OMEGA laser. Normal focusing of frequency-tripled laser light shows hot-
spot intensity features (a). The distributed phase plates (DPP’s) provide a well-defined envelope and
an insensitivity to near-field wave-front errors (b). Spectral dispersion provides a substantial smoothing
of the structure produced by the phase plate (c).

The resulting intensity distributions are smooth enough to require
diligent cleaning and calibration of the photographic diagnostics.
Figure 37.35 is a comparison of cross sections of intensity for phase
conversion with and without SSD. The cut-off spatial frequency,
corresponding to 3 um, is fully sampled for the data. Therefore, no
amount of smoothing is assumed for these representations of the
equivalent target plane. It is clear from the comparison that substantial
smoothing has been achieved in both directions: parallel and
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Cross sections of the intensity distribution show a high level of beam smoothing by SSD. The cross
sections are resolved to the limiting spatial frequency corresponding to 3 um. Smoothing is observed
in both dimensions: parallel and perpendicular to the direction of spectral dispersion.

perpendicular to the axis of spectral dispersion. Accurate assessment of
the benefit from 24 smooth laser beams is obtained by a computer
calculation that involves beam superposition about a sphere and an &
mode decomposition of the resulting intensity distribution. Figure
37.36 shows a substantial decrease in the amplitude of all of the
modes, indicating a significant improvement in irradiation uniformity
for the OMEGA laser system.
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Fig. 37.36

Superposition of the 24 OMEGA focal distributions shows a substantial improvement in irradiation
uniformity. The {-mode decompositions show greater than a factor-of-4 times lower nonuniformity
when using SSD.

Additional beam smoothing has been demonstrated from free-space
propagation between the frequency-conversion crystals and the target
chamber. Furthermore, a more optimum envelope from each of the
individual laser beams is achieved by operating the distributed phase
plates out of the exact Fourier plane.

Conclusion

A novel beam-smoothing technique—smoothing by spectral
dispersion (SSD)—has been successfully implemented on the OMEGA
laser system. The integration of a large-aperture, high modulation-
index, microwave phase-modulator and high-power, high-efficiency,
holographic diffraction gratings has made it possible to manipulate a
beam’s spectral distribution in time and space. Substantial improvement
in the uniformity of irradiation from the OMEGA laser has been
demonstrated.
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Improved Laser-Beam Uniformity by the Angular
Dispersion of Frequency-Modulated Light

A new technique is being examined to improve the quality of OMEGA
laser beams beyond the level that has already been achieved with
distributed phase plates (DPP’s).! These phase plates break each beam
into beamlets whose diffraction-limited size equals the size of the
target.2 However, superimposed on the smooth diffraction-limited
intensity envelope is a rapidly varying intensity structure from the
interference between the different beamlets (Fig. 37.20). Once a
plasma atmosphere has been established around the target, much of the
short-wavelength interference structure in the laser-energy deposition is
expected to be smoothed by thermal conduction within the target as
heat is transported from the place of energy deposition to the ablation
surface. However, before thermal smoothing becomes effective, this
structure could imprint itself on the target surface and “seed” the
Rayleigh-Taylor instability, much like a target surface imperfection.
The longer-wavelength interference structure will never be adequately
smoothed and could drive a distorted implosion. The goal of the work
described here is to develop a technique to reduce the magnitude of the
interference structure, while retaining the smooth intensity envelope.
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Fig. 37.20

The phase-plate intensity pattern in the
focal plane consists of a diffraction-limited
envelope superimposed upon a rapidly
varying structure caused by the interference
between rays from different DPP elements.

30

H F —
L
at : =
.“ L2 = e
7
phase plate target plane

TC2429

The strategy employed is to shift the interference pattern on a time
scale At that is short compared to the characteristic hydrodynamic
response time of the target. At any instant of time, a highly modulated
intensity pattern will be present, but the time-averaged intensity over
At will be smooth. The interference pattern can be shifted (or changed)
by rapidly shifting the beam, or rapidly changing the relative phases
between the individual beamlets. An example of the latter approach is
induced spatial incoherence (ISI).3 But ISI might not be a good
candidate for a frequency-tripled glass-laser system such as OMEGA,
since the required “chaotic” bandwidth could be difficult to triple
efficiently and would produce high-intensity temporal spikes within the
laser that could damage the laser glass. Therefore, we have been
considering an alternate scheme, smoothing by spectral dispersion
(8SD) of the laser light. Like ISI, it requires a bandwidth, but the
smoothing mechanism is different, permitting the use of a nonchaotic
bandwidth and allowing high-efficiency frequency tripling. A possible
method of implementing SSD on a limited scale, with current
technology, is described below. This relatively simple technique will
not eliminate all the interference structure, but it takes a major step in
that direction without degrading the performance of the high-power
frequency-tripled laser system. Further improvements in uniformity are
possible with other variations of SSD that are presently under
investigation.

Implementation Considerations for SSD

The general concept of SSD is to spectrally disperse broad-
bandwidth light onto a phase plate so that, ideally, each element of the
DPP is irradiated by a different frequency.* The relative phase
between rays from different phase-plate elements will then vary in time
according to their frequency differences. The larger the bandwidth, the
more rapidly the structure will change and the more rapidly the time-
averaged intensity will smooth. However, if some phase-plate elements
have the same “color” (frequency), a residual interference structure
will be produced that will not smooth.

To implement this scheme on a laser system such as OMEGA, a
number of key requirements must be met: (1) generation of bandwidth
that will not damage the laser glass; (2) dispersion of the bandwidth
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across the DPP elements together with high-efficiency frequency
tripling; (3) identification of a dispersing configuration that will not
significantly distort the beam; and (4) obtaining the improved
uniformity over a sufficiently small averaging time.

1. Bandwidth Source

One form of bandwidth that can be easily propagated through a glass
laser system is generated by phase modulation of the beam. The phase-
modulated electric field is of the form’ E(r) = E (1e!®®, where the
entire effect of bandwidth on the original field E_ is contained in the
time-varying phase. The laser intensity varies as |E(f)|? = |E (1)]|?
and contains no additional high-intensity spikes from the interference
between different frequencies. This would not be true for the chaotic
form of bandwidth required by ISI in which the different modes have
random phases (i.e., E(f) = Xa,ei“n+9n where ¢, is random). One
relatively simple form of phase modulation can be obtained by passing
the laser beam through an electro-optical (E-O) crystal with an
imposed oscillating electric field. The effect is to produce a laser
electric field of the form:

E(t) = Eoeiwt+i6sinwmt’ (1)

where 6 and w,, are the modulation amplitude and angular frequency
of the E-O device, and w is the fundamental angular frequency of the
laser. By expanding the exponential term in a Bessel function seriess:

E@) = E, )7 J@eermem, 2

we see that the beam contains frequency side bands in increments of
w,, which extend out to approximately +éw,,, at which point the mode
amplitudes (J,) begin to approach zero. Formally, Eq. (2) also
contains a factor exp(i k,z) where k, = (w + w,)/c; the time variable
has actually been replaced by ¢ — z/c.

2. Bandwidth Dispersion

A crucial element of SSD is that a large number of the DPP
elements must be irradiated by different frequencies at each instant of
time. The E-O phase-modulated beam, by itself, would not be
adequate for SSD, because at any time all DPP elements would be
irradiated by only a single dominant frequency given by the time
derivative of the phase in Eq. (1). It remains to disperse the different
frequencies in the spectrum across the DPP elements. This can be
done, in part, by introducing a spatially varying time delay ¢, across
the beam in, say, the Y direction of the form ¢, = aY/w,,. Replacing ¢
by ¢t + ¢t in Eq. (1), the time-delayed electric field becomes

ED = Eoeiwt+i6sin(wmt+aY)' (3)
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Fig. 37.21

The diffraction grating introduces a time
delay across the beam in addition to
angular dispersion of the spectrum.
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The instantaneous frequency, given by the time derivative of the phase
in Eq. (3), now varies across the beam. We see it is not necessary to
allow the beams to freely propagate to spatially separate the different
frequency components as was previously suggested* for SSD; “color”
variation has been obtained already with only angular dispersion of the
frequencies, resulting in a variable time delay.

Such a time delay can be conveniently introduced by means of a
diffraction grating, as illustrated in Fig. 37.21. The grating will, of
course, also introduce an angular dispersion to the different frequency
components, which can be found from the Bessel-function expansion of
Eq. (3):

E, = E, E 1, () gilwtnet+ina 4)

Using the implicit kz dependence in the phase, a contour of constant
phase for the nth harmonic is given by k,z + anY = constant. The
wave propagates at approximately the angle: an/k relative to the
direction of the fundamental frequency. This angular dispersion is
important for high-efficiency frequency conversion as discussed below.

Unfortunately, the time delay, which produced the required
frequency variation across the beam, has also distorted the temporal
shape of the beam as shown in Fig. 37.21. Not only will the pulse be
lengthened, but there will be intensity variations across the beam
aperture. This can be corrected by inserting an additional grating
before the E-O modulator (Fig. 37.22).
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Fig. 37.22 When the beam passes through the first grating, its residual

The two-grating configuration. (a) Grating  bandwidth will, of course, be dispersed; this dispersion is a negligible
I introduces a “pre-delay” that compensates  effect for a typical bandwidth-limited laser beam, and will in any case
for the delay produced by grating 2. By  be corrected by the second grating. The main effect is to introduce a
placing the first grating before the e delay opposite to the one that will be induced by the grating after
dme(i(:;lat(v)vri’t llltoljtposgzgifgcogf:‘ g:leg:ﬁzi the E-O modulator. The time-distorted beam passes through the
dispersion of the spectrum. (b) A schematic modulator where the bandwidth is imposeq. The grating after the E-.O
of (a). modulator now serves a dual purpose: it restores the beam to its
correct temporal shape, and it imposes the spatial-frequency variation
required for SSD (and also, as discussed below, the correct dispersion
for frequency tripling).

3. Diffraction Grating Considerations

The current strategy is to insert the diffraction gratings into the
driver, thereby avoiding any additional optical elements at the end of
the laser system. The spectral angular divergence imposed in the
driver must then be able to propagate through the remainder of the
laser and onto the target without significant energy loss or beam
distortion. This places an upper bound on the amount of divergence
permitted. For instance, if we do not want the spread in the beam at
the target plane to be larger than, say, half the target diameter D then
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F8 < %Dy ,

where F is the focal length and 6 is the full-angle beam spectral
divergence. For OMEGA, F = 60 cm and, for recent experiments,
D7 = 300 pm. Thus, the largest permitted divergence is ~200 urad,
at the 20-cm aperture at the end of the system. Such a divergence can
propagate through the OMEGA laser system, if it is introduced near
the end of the driver, at the 64-mm stage, where it would have a value
three times greater (~ 600 urad), because the beam divergence changes
inversely as the diameter of the beam.

The limit on beam divergence also places an upper bound on the
maximum bandwidth that will frequency triple with high efficiency. In
order to remain within 10% of the maximum conversion efficiency#©
with the permitted 200-urad divergence, the bandwidth must not be
greater than ~2 A in the IR. This bandwidth would normally be too
small to smooth the laser intensity on the time scale of interest (~ S0
ps) for the OMEGA experiments. But upon frequency conversion, the
frequency spread is also tripled. Further, we can take advantage of
“color cycling,” as will be discussed below, to further reduce the
smoothing time for the long-wavelength interference structure.

We can now determine the grating configuration that would produce
the 200-urad dispersion of the 2-A bandwidth. The grating dispersion
in the first order is given by’

A6 1
AN cos(f)d

where d is the spacing between grooves on the grating and 6 is the
angle between the transmitted beam and the normal to the grating. A
typical value for d is 628 nm. For OMEGA, the beam divergence will
be 2.9 times larger at the 64-mm point than it is at the output, i.e.,
AB/AN = 2.9 x (200 prad/2 A) at the diffraction grating. Therefore,
cosfd = 0.54 and § = 57°. The minimum length of the grating L can
also be determined; it is the beam diameter (58 mm) divided by cosd,
yielding L = 10.6 cm. Gratings with these parameters have been
obtained.

4. “Color” Cycling

The time delay across the grating can be used further to our
advantage. Fig. 37.22 shows that if the E-O modulation time 7
(=27/w,,) is shorter than the time delay ¢, then all the “colors” will
cycle across the beam more than once at each instant in time. (More
correctly, one cycle from the “reddish” to “bluish” components of the
bandwidth occurs in 0.5 7.) Thus, instead of the “red-blue” variation
being distributed from one end of the DPP to the other, it can be
distributed over smaller regions of the DPP, so that nearest elements
will have a larger frequency difference and their average interference
pattern will smooth in a shorter time. For instance, with 1.5 7 = ¢p,
the smoothing time for nearest neighbors is three times shorter than if
there had been only one color cycle. The price paid is that more
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distant DPP elements will have the same color and their interference
pattern will not smooth at all. However, the interference between
distant elements produces shorter-wavelength structure that can be
smoothed more easily within the target by thermal conduction of the
deposited laser energy. The effect of color cycling is qualitatively
similar to that produced by repeated echelon steps in the ISI
technique.2

To calculate the E-O modulation frequencies that will produce
different amounts of color cycling, we first determine the delay time.
From Fig. 37.21,

tp = L|sinf+sind |/c, 5
where 0, is the incident angle of the beam on the grating. The grating

dispersion was chosen so that §, = 6 to prevent beam distortion. The
incident angle is found from the usual grating equation’:

|sinf, +sinf| = 7 (6)
Substituting Eq. (6) into Eq. (5) yields
L A
=== 7
'p =g (N

For the above values of L and d, and for A = 1-um laser light, the
delay time tp is 590 ps. This is approximately the pulse width for
current OMEGA experiments, so that the pulse shape after the first
grating in Fig. 37.22 will be highly distorted. For the example of three
color cycles in the transverse direction across the beam (7 = 0.67tp),
the modulation frequency »,(= 1/7) is 2.5 GHz. The required
modulation amplitude & can also be determined by the following
argument. The frequency spread Ar produced by the 2-A IR
bandwidth is Ay = AAc¢/A2 = 60 GHz. The frequency bandwidth
produced by E-O modulation is Ay = 26»,, [see discussion of Eq.
(2)]. Thus, the modulation amplitude is ~4x for »,, = 2.5 GHz.

Simulation Results

To calculate the total electric field on the target (i.e., laser focal
plane), we use scalar diffraction theory® to propagate the beam from
the phase plates. The beam is first decomposed into its individual
frequency components; each frequency is transported separately and
then summed in the focal plane. The initial amplitude of each
frequency component is determined by the frequency-tripling process.

For a model of the frequency-tripled laser light, we use the
following physical argument. The E-O broadened light is oscillating
from “red” to “blue” such that at any instant of time only a small
frequency range is dominating. The entire small range is
approximately phase matched to the crystal because of the angular
dispersion of the grating, and high-efficiency conversion should occur.
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This process was calculated using the approximations discussed in Ref.
9. Figure 37.23(a) shows the initial 2-A bandwidth given by Eq. (2),
and Fig. 37.23(b) shows the calculated tripled spectrum. The
frequency spread has tripled; the shape of the spectrum is given by Eq.
(1) with both w and & tripled. This result would not apply to the
general case of broad-bandwidth light where mode-mode interactions
might degrade the conversion efficiency.

Thus, the electric field for the E-O-broadened, frequency-tripled
light used here is assumed to be

E3w = gi3uwr+i38sin(w,r+a¥)

The scalar amplitude of this wave in the focal plane, after passing
through the phase plate, is

U(x,y) = erijwz

Fig. 37.23 2 Z J,(38)ei(nont = 2mvL = 2Lq = 2Kp + 9x7)
Calculation of the intensity spectrum KL
showing bandwidth tripling upon frequency . .
tripling of a phase-modulated pulse. The % sin (ny + g,) sin p,

slight broadening of eaph spectral line is ny+q, P, , ®
due to the finite pulse width of 700 ps used

in the calculation.

X

n

Fundamental Third Harmonic

3 FT—V—T-T—T T (1 T T T T T 6 T 17 [ 7 7 77 7 ¢ v T 7 [ F 71 17

[ (a) | 1 [ (b) 1

g 2 | — é 4 -

i‘é I . % - ]
S | s |

z | 1z L ]

S 1r 4 = 2 s

=4 r 1 &~ B 1

r 1 i ]

0 0 iR LN S AN
-200 -100 0 100 200 -200  -100 0 100 200
Frequency (GHz) Frequency (GHz)

e E-O phase-modulated beam: v=25GHz, §=4 r
TC2553

36



Fig. 37.24

Correction of the beam ellipticity, in the
target plane, by elongating the phase-plate
elements in the direction of frequency
dispersion. This reduces the diffraction
spread in that direction, in part
compensating for the spectral dispersion.
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where K, L corresponds to a DPP element, and ¢4, is the phase
imposed by that element. The variables (p,, g,) are related to the
coordinates (x, y) in the focal plane by

(pn’ qn) = (x7y)knA/2F ’

where k, is the wave number, A the distance between phase-plate
elements, F the focal length, and v = «A/2.

One effect of the spectral angular dispersion is to shift the center of
the diffraction envelope for each mode in the g (y) direction. The
envelope is no longer the same in the x and y directions; this can
introduce long-wavelength modes of irradiation nonuniformity. For the
small bandwidth used here, the distortion is relatively small and can be
compensated for by using rectangular DPP elements so that the ratio of
x to y length is ~0.75 (Fig. 37.24). This reduces the diffraction size
of the beam in the y direction to approximately compensate for the
spread caused by spectral dispersion. The effect on Eq. (8) is to
multiply p, by 0.75.

The time-averaged, single-beam intensity in the focal plane is

At

1
e = A—tg 2

o]

¢ Perpendicular line outs through the target-plane intensity envelope

1.0

Relative Intensity
=)
W
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Fig. 37.25

The relatively simple variation of SSD
reduces the time-averaged nonuniformity by
factors of 2 to 3 in averaging times of
25-50 ps. A 2-A IR bandwidth was used,
and a thermal-smoothing distance of only
1% of the target radius was assumed.
Increasing the number of beams from 24 to

60 reduces the nonuniformity by a factor of

~2, and increasing the smoothing distance
to 5% of the radius, which is consistent
with computer simulation, reduces o, by
an additional factor of 2.
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The intensity on target is the superposition of 24 such intensity
patterns. Figure 37.25 shows the rms energy-deposition nonuniformity
as a function of the averaging time Ar. The deposited energy was
assumed to be smoothed by thermal conduction over 1% of the target
radius, which is a conservative estimate; computer simulations of
OMEGA experiments show smoothing distances many times larger.

The nonuniformity without SSD (At = 0) is ~12% for the assumed
amount of thermal smoothing. SSD, with the 2-A IR bandwidth and
2.7-GHz modulation frequency, reduces the nonuniformity by factors
of 2 to 3 in averaging times of 25-50 ps. The nonuniformity
asymptotes to about 4% rms. This residual nonuniformity has two
sources. First, bandwidth is dispersed only in the y direction so that all
phase-plate elements in the x direction have the same frequency (for a
given y); these will form a time-independent interference structure.
Second, the oscillating bandwidth causes the interference pattern to
repeat after each modulation cycle.

For comparison, results are also shown in Fig. 37.25 for increasing
the number of beams and increasing the smoothing distance. A
60-beam configuration can reduce the nonuniformity by a factor of
~2, and increased smoothing (AR/R = 5%) reduces o, by another
factor of 2.

Although the resultant uniformity is not perfect, the predicted factor

of 2 to 3 reduction in o, could significantly improve results for

OMEGA high-density experiments, and this improvement can be
attained with relatively simple modifications of the laser system.
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UNIFORMITY CONSIDERATIONS ON OMEGA

Summary

A relatively simple form of SSD is being investigated for
implementation on OMEGA. It is simple in the sense that all new
optical elements are installed in the driver, and no additional
components are required at the end of the system. An E-O frequency-
modulated pulse is used for the bandwidth to prevent the formation of
high-intensity spikes that could damage the laser glass, as might occur
with a chaotic form of bandwidth. The essential spatial variation of
colors on the DPP and angular dispersion for frequency tripling is
accomplished with a set of diffraction gratings that take advantage not
only of the dispersion properties of the gratings but also their time-
delay characteristics.

The same features that make this technique relatively simple also
limit the maximum bandwidth to ~2 A for OMEGA. (The bandwidth
could be increased to ~4 A without increasing the spectral dispersion,
and it will result in only about a 15% reduction in frequency-
conversion efficiency.) However, even with 2 A, adequate smoothing
times can be achieved because this bandwidth is tripled upon frequency
conversion and because we can employ color cycling. Computer
simulations show that this variation of SSD can reduce the rms
nonuniformity on OMEGA by factors of 2 to 3 in averaging times of
25-50 ps.

Even further improvements in uniformity are possible with SSD, but
it would involve spatial dispersion of frequencies; in contrast, only
angular dispersion was considered here. The spatial dispersion could
be more difficult to implement and would require additional lenses
around the tripling crystals for optimal conversion efficiency. Hybrids
are also possible, with spatial dispersion in one direction and angular
dispersion in the other. Such variations of SSD are presently under
investigation.
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Section 2
NATIONAL LASER USERS FACILITY
NEWS

During the first quarter of FY89 NLUF activity consisted of
supporting an experiment from J. DeGroot’s group at the University
of California at Davis (UCD). K. Mizuno from UCD and P. Young
from LLNL collaborated with W. Seka at LLE to measure ion-
acoustic-decay instabilities with the GDL laser. A series of CH, Al,
Mo, and Au targets were irradiated with laser intensities of 1013 to 1.5
X 1015 W/cm? in the green (531 nm) and the optical spectrum around
3w/2 was recorded with a streak camera and a time-integrating

spectrograph. The data have been taken to UCD for analysis.

The Division of Plasma Physics of the APS meeting was held in
Hollywood, Florida. Papers were presented by eleven different NLUF
users at both the oral and poster presentations. The abstracts from
these papers are in the Bulletin of the APS, Vol. 33, No. 9. Research
topics covered included laser-plasma interactions, XUV and x-ray
spectroscopy, x-ray lasers, high-density compressions, and radiation
transport. All of the presentations were well received by conference

attendees.

Proposals for FY90 are to be sent to the DOE San Francisco office.
The deadline for submission has been changed from 15 December to a
later date. Please address all technical questions to the NLUF manager
at LLE and all administrative and proposal submission questions to
Dennis Neely in the DOE San Francisco office. The DOE office has
assured LLE that money for approved research will be available the

first quarter of FY90.



Section 3
LASER SYSTEM REPORT

3.A

GDL Facility Report

During the first quarter of FY89 the glass development laser (GDL)
was used by three in-house experimental groups and one NLUF user.
The in-house experiments were conducted in the Beta target irradiation
facility and concentrated on x-ray laser studies, x-ray lithography, and
the transmission of light through multilayered targets. The x-ray laser
experiments were aimed at observing gain in collisionally pumped
neon-like nickel and germanium. The x-ray lithography experiment
measured the silicon content of corn, which may serve as a new source
of ultrapure silicon. These experiments are a collaboration between
LLE and researchers at SUNY at Buffalo. The third campaign is a
continuation of the study of the temporal behavior of multilayered
targets. Ultimately this program will determine the relative importance
of transmitted light in the interpretation of various multilayered-target
experiments on OMEGA. Users from the University of California at
Davis performed experiments that temporally resolved the second-
harmonic emission from the target in order to study parametric
processes in laser-plasma interactions.
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3.B

A summary of GDL operations this quarter follows:

Beamline Test, Calibration, Tuning, and

Laser Alignment Shots 321
Test Shots
X-Ray Laser 76
X-Ray Lithography 23
Multilayer Experiments 51
NLUF Users (UCD)
Timing and Alignment Shots 35
Target Shots _ 58
TOTAL 564

OMEGA Facility Report

During this reporting period, the OMEGA laser has been reexamined
for techniques to improve irradiation uniformity. Two systems were in
the process of being integrated into the system to achieve this goal.
The first of these, power balance, consists of energy balancing the
beams while ensuring that the beam pulse shapes are exact across all
24 beams. The second system involves the smoothing of the fine
speckle pattern on target produced by the distributed phase plates.
Implementation of several subsystems to accommodate the scheme of
smoothing has been accomplished and full integration is expected
within the next quarter.

Power-balance evaluation of the frequency-tripled pulse shapes
showed strong dependence on the phase-matching angles, polarization
angle, and intensity. Using the fiber-coupled, four-beam UV streak
camera, tests were done to empirically determine the sensitivity to
each of these parameters. Simultaneously, extensive computer
modeling was developed to aid in the interpretation of the results and
understanding of the conversion process in general. Tests of the
birefringence of the last amplification stage of OMEGA, the 90-mm
rods, indicated a polarization control element between the amplifier
and the conversion crystals was necessary for consistent optimal
tripling efficiency.

A high-contrast, high-damage-threshold thin-film polarizer was
developed at the University’s Thin-Film Coating Facility, and 24 units
suitable for installation were delivered in November. The
implementation of these devices virtually eliminated the problem of
spatially varying polarization states and shot-to-shot changes due to
amplifier birefringence. Techniques for error-free phase-match angle
tuning were developed, and software was implemented to compensate
for any temperature variations from the nominal ambient condition.
The combination of these factors has led to stable frequency
conversion at 100% +5% of theoretical performance. By accurately



Fig. 37.37

Closed-loop feedback system used for intra-
shot beam balancing on the OMEGA laser
system.

LASER SYSTEM REPORT

calibrating the output energy diagnostics and balancing the energy in
each beam, the last component of power balance is satisfied, yielding
the best irradiation balance for direct-drive implosion experiments.

As power balance requires accurate energy balance, a new
computerized system was developed to enable faster, more precise
adjustment of the distribution of energy from the single driver-line
beam to the 24 beamlines. Utilizing tight control of the polarization
into the polarizing dielectric beam splitters and an active feedback
system, beam-to-beam balance can now be achieved to levels better
than 2% rms. A schematic diagram of the system (Fig. 37.37) depicts
motorized wave plates to adjust splitter ratios and diodes to monitor
the induced change. As the wave plates are manipulated, laser pulses
are detected at the output of the system, fed into the computer, and,
within 15 min, a complete rebalance of the distribution is
accomplished. This capability gets the balance near the stability of the
amplifier chains (currently 1.50% rms). Future efforts may improve on
these results as the mechanisms of instability are identified and
eliminated.

oscillator pulses
from driver line

operator
T interface

CAMAC
wave-plate
interface

- rotating
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Spatial smoothing of the power-balanced beams is the other goal of
the new-term uniformity program. Since the scheme impacts mainly
the front end of the laser system, there have been several changes
made in the OMEGA driver line. Increasing the bandwidth of the
laser, frequency dispersing the beam, and coupling the frequency-
tripled light through distributed phase plates will result in a less-
modulated target distribution. Other than the driver line, the only
changes that had to be made to the laser were checking the e-axis
orientation of the conversion crystals and rebuilding the cells to have
the same dependence of phase-matching angle to wavelength. All
crystals are reoriented at this time, ready for extended-bandwidth
frequency-dispersed light. The theory and implementation of these
concepts are covered elsewhere in this issue. This approach is one of
the most significant laser developments since frequency tripling was
pioneered at LLE in the early 1980s.

In summary, the Operations Group has been exclusively involved
with the uniformity program. The following shot summary reflects the
fact that most shots have been laser test shots for uniformity programs.
Demonstration of spectral smoothing on target is this program’s
primary goal and, given the pace of current activity, results are
expected early next quarter.

Driver Line and Test Shots 200
Laser 226
Target 51
TOTAL 477
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