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Recent Laser Exper ‘ments on the Aurnra KrF/i{ Y stert
TLOERL Tewmer 0 020 s S, I Zzothlensni, ROGL w2t
€. . “homas, M. ka~g, C. R. “zllman, J. M, Meck,
e~s 7. 5. FlgLelive
Abstract

The A_~ova KrF/ICF Laser Facility at _os Alamos is
crovzslena) a2t cme Kilelfosle-level fo- both laser and targe-
experments. We repcrt 0" recert lase-r experimenis ¢~ the

syste~™ and reculting system Imorovements.

Summary

Aurc-a is the Los Alamos National Laboratory short-pulse,
higt-power, kryptor-fluoride (KrF) laser system fo- inertial
confinement fusion (ICF) research. The system employs
optice! angular multiplexing ard se-icl ampli€ficastion by
electiun-beam-d-iven K-F laser amplifiers. In the presert
ci~figuraticr 48 E-reces pulcec 2ve miultiploved a-g

~>.i led. These fu.ow_ ave dermlltiplexed usirg suitable
time-pf~flight delays and de.ivered simulte-er  1ly 1
target. Duving the last year the aurora laser system hac
beern ope-aticnal at the kilcinLle-level and bhes ber- Lser
for both laser and target physics experiments. In this
paper we review the present configu-ation of the systen and
report on laser experiments and the resulting improvements
in the system. Descriptions of the front ernd, the four
laser amplifiers, anc the optical system are included.
Experire~*s reported include amplifier small signal gai-,
enrevrgy extraction, ret-op.lse and parasitic studiez, shaped-
pilen smnlification, and the effects of modificaviors to the
optical system. Planned myrten improvements and future
experimertt are alss p-esentec.

i. Introduction

A% a prototype system, ths objectives of the Aurora
KrF/ICF laser facility have been twofold: to nduct laser
physice and technology sxperiments [mportant ¢+ fOture
laser system develorment and tc conduct target physics
experiments relevant to weapons and ICF appliceutions.
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Typically a 1 nsec pulse from the Aurorn‘iront ond s
split into 96 beams which ere angularly and temporally



multiplexed to produce a 48C nsec pulse train for
amplification by four KrF laser amplifiers. In the present
system configuration half (48) of the amplified pulses are
demultiplexed ucsing different optical path lengths and
delivered simultaneously to target. The other 48 beams were
used for diagnostic purposes and related laser experiments.

The work done at Aurora may be divided irto two main
categories: laser physics experiments and the development of
target physics capabilities. Several key issues have been
addressed including the energy extraction from the Large
Aperture Module (LAaM), amplifier small-signal gain, shaped-
pulse propagation through the amplifier chain, and the
retropulse and parasitic problem. Target physics
capabjilities brought online include X-ray conversion
efficiency measurements, encircled energy determination, and
observaticn of shock breakout through selected targets.

Performance parameters (including optical pulse length
and shape, energy delivered to target, and size of the
focused spot) will be discussed. Planned system upgrades
and potential future improvements are also presented.

<. _System

Angular multiplexing forms the conceptually simple
basis of the Aurora laser system. Basically, a short front-
end pulse is replicated 96 times. The resulting pulses are
temporally stacked one after arother secuentially and
amplified. The pulses are so stacked in crder to
efficiently make use of the long pumrp ng times of the
electron-beam amplifiers (typically S00 - 700 rsec). 1In
order to have all the pulses arrive at the target plane
simultaneously, the pulsetrain must bw decoded using
different path lengths to remove the time delays; the first
pulses through the amplifier s require the loungest path in
the decoder to target. A schematic diagram of the Aurora
system {is shown in Figure 1. Only 48 beans are taken to
target.

The front-end pulse of approp-iate shape and bandwidth
is replicated and amplified through a series of enceders and
4 amplifiers. The double pass Large Aperturestbdule (LaM)
amplifier, with an agerture of 1 m<, serves ss the finai
stage before decoding to target. Descriptiong of the frunt
end, the four KrF laser amplifiers, the optic system, and
the beam diagnostics have been published elseyhere 1.2
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To date Aurora has demonstrated the following
performance: 48 beams available to target; 1 =.20 nsec
variable pulseshape; 600 um spot diameter; 1300 J delivered
energy; 40 cm-1 kandwidth; and um to 7 full system target
shots per day.

3. Laser Physics Experiments

In addition to typical system support
(characterization, analysis, ard optimization), the laser
physics program has two other goals: to generate an
extensive data base in order to refine the kinetics code and
to facilitate the design of larger Krf systems; and to
investigate fundamental KrF laser physics, such as pulse
shaping offects through the amplifier chain. Particular
topics related to the former goal will bas described below.
Pulse shaping will be discussed in some detail in a
companion paper to be given at this conference.3

The amplifier of primary interest is the LAM. Its size
was chosen to address 1ssues associated with the scaling of
these devices to higher energy and lower cost. It is
electron-beam pumped from two sides. Due to its large
physical size, rnmplified spontaneous emission (ASE) could
reduce energy extraction. ASE modeling codes for the LAM
(with small-signal gain go, absorption «, and wall
reflectivity as parameters) predict that ASE lowers the
measured small-signal gain and energy extraction efficiency
by 20%, confirmed by energy extraction measurements. In
ancther experiment the LAM sidelight intensity was
absolutely measured and agrees well with ASE code
calculations with 20% wall reflectivity as shown in Figure
2.

Small-signal gain measurements of the Preamplifier (&A)
. nd the Intermediate nmplifier (IA) were performed thirs nast
year. Small-signal gain as a function of pressure, Marx
charge voltague, probe position, and active gain length was
studied. Figure 3 shows that, for the PA, the small-signal
gain increases as the gain length decreases, possibly
indicating ASE loss. The gain length was reduled by
blocking part of the electron-beam with thick r sheets.
This work was done as an effort to charncteri‘a,cnd reduce
the retropulse and parasitic problems encountered 1n the
centered optical system. The gain length was ,then set at a



safe level. A& beam "gobbler" was alsz laid in the bottom of
the the PA cavity to spoil possible parasitics. .

Experiments were also performed to study the
propagation of shaped pulces through the Aurora amplifie~
chain.?® Scaling studies indicate that adding a tailored
prepulse to the main driver pulse may substantially reduce
the energy required to drive an ICF target. 1In general the
pulse had a variable energy toe 5 - 15 nsec before the main
1 nsec spike. The cortrast ratio (main-pulse height to toe)
was varied from 10 to over 100. Faithful replication of 4
overlapped pulses in the target plane was demonstrated at
LAM light levels.

4. Target Physjics Capabilitjes

Target physics work was carried out the past year to
qualify the system's performance at the target plane.
Electric field strengths within the confines of a highly
focused, high-energy multi-beam overlap at the target plane
are such that the beam spot size and temporal profile are
determined by observing the emitted X-rays. Several
diaghostics are operational and available for target physics
experiments. These include a holographic probe for plasma
density measurements, X-ray sensitive streak cameras, a 100
psec gated X-ray imaging system, X-ray pinhole cameras, and
an X-ray spectrometer (multiflex).

In order to better define the laser’s performance,
several experiments, which included work on X-ray conversion
efficiency, encircled snergy measurements, and shock
breakthrough on a plarar target, were undertaken. When the
renovation described below is complete, these experiments
will be revisited,

In addition, & stand-alone backlighter is being
installed for target physics experiments. The Chroma glass
laser previously located at KMS Fusion has been transported
to Aurora. A new front end and control system will be added
to the disk amplifier system. At K4S the system had
demornstrated delivery of two 100 psec, 60 J pulses in the
green (527 nm) of 10 - 15 X diffrection limit beam quality.
This specification will be used as a starting point at Los
Alamos . ﬂ.
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S. System Improvements

Several system improvements are currently in progress
at Aurora. The rajor gcal is to deliver greater laser
intensity to the target plane with better reliability.
Greater intensity can be achieved by increesing the beam
energy or by decreasing the spot size. In the past Aurora
has delivered over 1000 J to target. Its pulse width has
been adjustable from 1 - 20 nsec. Typical overlapped spot
sizes were 600 um using manual aligrment to target. These
parameters gave peak target irrasdiances of over 100 TW/cm2.

System reliability has beern another priority at Aurora.
The Aurora amplifiers have been fired a total of 1489 times
for a variety of different experiments this past fiscal
year.

Ameng the improvements currently ir progress are
optical upgrades (especially with the centered optical
system), a rebuilding of the system’'s pulsed power, and
installing a new computer control system.

A new drive system for the LAM mirror mount i=
currently being tested. Because the old stepper-motor
generated severe heat gradients in the amplifier box, the
new driver is piezoelectric and will add a negligibla heat
load to the laser gas mix. Previocusly, obtaining good beam
qQuality on target required prolonged mixing of the laser
gas. .

New optics are being installed throughout the optical
train. Complete metrology, including damaye testing, is
being dore on all components to essure that they meet
specifications. Several optics had been damaged, {n part
due to a retropuise and parasitic problem in the PA and IA
areas. The refractive optics are anti-reflective coated and
+hose with lower damage threshnlds had been burned by the
retropulses. To preserve the optics the PA ygain had to be
turned down.

Modeling has shown that the major contributor to the
retropulse problen is the IA exit lens and experimental
evidence supports this conclusion. A temporary fix will be
to tilt tnis lens and accept a slight penalty dn gpot size.
Figure 4 shous raytracing calculations for twe Ccases of IA
exit lens tilt. The left side shows beamlet gt:o.#ov three
typical beamlets with a 1.8° lens tilt. The Beamlet size is
compared to an effective 400 um spot diameter giycle in the
target plane drawn on the figure. A 20 wave correction to



the mirror after the IA exit lens was added in tha
calculation and shows that the beamlet size id feduced by a
factor of 2 with the same lens tilt. Note thdt the scale
size of the circle is halved. To more fully drive all the
amplifiers, the final splitter in the 8-fold encoding
sectior (where 48 beams are replicated to give 96 beams) has
been removed. Using only the first 48 beams demands a
smaller tilt of the IA exit lens resulting in less
degradation of the spot size.

The ultimate solution to this retropulse prcblem is to
provide time-of-flight isolation between the PA and the IA.
Conceptual designs for this have been developed. High
damage threshold coatings will also hulp avoid this problem.
Eventually _he PA and IA gains will be safely increased,
allowing the LAM to be more fully loaded for maximum energy
extraction.

A computer controlled automatic alignment station at
the target chamber has been implemented. After a rough
alignment the computer aligns and overlaps the 48 beams in
only five minutes. Finally the tunnel air conditioning
cystem has aiso been refurbished to provide & more uniform
temperature which reduces index gradients throughout the
optical beampath.

2. Conclusion

With the abecve improvements, Aurora is expectod to
realize >1 KJ in a 300 um spot in the target plane. The
pulse length already has been shown to be variable from t -
20 ncsec. Bandwidths will also be variable from i - 150 cm-
1, Pulse shaping has been demonstrated with two step
contrast ratios up to 100:1. The system should be reliable
enough to average 5 full system shots per week with a
significantly reduced operations and riaintenance crew. The
successful demonstrations of multinlexed alignment systems
and scalable amplifiers have shown that the basi. components
of Krf technology can be extended to future sysiems with low
risk and reduced cost. In addition to conducting target
physice axperiments, Aurora will be used as a stbed
supporting future KrF technologies. _GF

.
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10, Figures

Figure 1: Schematic of the Aurcora laser. The front end
produces a pu'se which is replicated 96 t{imes, 48
beams of which go to target. The pulse train
passes through 4 amplifiers and iz decocded before
hitting the target. Kilojoule level energy is
available at the target plane.

Figure 2: LAM sidelight radiance &as a function of the gain
length product (g - a)L. Two data sets are
calculated: O and 20% wall reflectivity,
respectively.

Figure 3: PA small-signal gain as a function qf gain length.
Because ASE is less important role, the gain
length decreases, the measured small-~signal gain
increases. R

Figure 4: Raytracing calculations for three t;aloil.boamlets
demonstrating the effect of the IA exit lens tilt



of 1.8°. The lefthand case shows the results for
the tilt alone. The righthanrd case adds a 20
wave correction to the turning mirrar after the
lens. The circle shows the effective spot
diameter in the target plane. Note that the
scales for the two cases are differert by a factor
of two; the 20 wave correction puts a smaller
beamlet on target.
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