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S!dmQuY

h~rc-a is the Los h!arnos National Laboratory Stio?t-pu:se,
hig}i-power, kryptor- ~luoride (KrF) laser system fow ine?tial
confinement fusion (ICF) research. The system employs
opticp! angula’ fn+ltiPlexing erd sE-iel 8mi:.fic.5tio7 5Y
e!ectlvn-beam-d(- iven K-F laser ●mplifiers. In the present
c:-=ig;~~a:icr 4e 5--?eT FL~5eE ?“? “!L:::P!PM-d ?-i
a-n=li ied. ‘hese &tiiLY- ~-e de~:-!tiplexed usirs suitable
time-of-flight deiays and de~~vered slmu!+.e-+: . ::Y ::
tawge:. D~-i IS the last yea= the Aarora laser system has
bee!: ope-aticnal a: the 4: ‘P ‘o~!e-level and he~ be~- L-se?-----
for both !aser 6nd target physics experiments. In this
paper we review the prese~t confJgu- atio~ of the system a?d
report on laser experiments ●nd the resulting improvements
in the system. Descriptions of the ?ronL ●nd, the four
Laser amplifiers, and the optical system ● re included.
Ex~erlme-ts reported include am~li<ie~ small siglal gal-,
e“e”gy extraction, re:-op’~!se and parasitic studies, shaDed-

lr,, ‘--’ i=~.cation, and the ●ffects vf modifica~~ors ta tkcb .. . s ,- -
optical system, Planned qyr.terr improvements and future
●xce-jmevtz are a!sz p-ese~tec.

AS ● prototfpo mystem, the objectives of the Aurora
KrF/ICF laser facility I)av? been twofold: to
physics ●nd toch~ology sxperimeqts impartant Wd%Wser
laser symtem development ●nd tc conch,ct targo~ 9W81CB
experiments relevant to weapons #IId ICF ●ppl~oatfons.

$
t::~

Typically a 1 nsec pulse from the A~,rorm rent end ~S
spilt into 96 baams which ● re angularly and temporally
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mu!tiplexed to produce a 480 nsec pulse train rfor
amplification by four KrF laser amplifiers. In the present
system configuration half (48) of the amplified Pulses are
demultiplexed using 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 into 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 Larse
Aperture Module (LAM), amplifier small-signal @sin, shaped-
pulse propagation through the amplifier chain, and the
retropulse and parasitic problem. Target physics

capabilities brought online include X-ray conversion
efficiency measurements, encircled energy determination, and
observati~n 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.

2. 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 ~re
temporally stacked one after arlother sequentially and
amplified. The pulses are so stacked in order to
efficiently make use of the long pumF ng times of the
electron-beam amplifiers (typically 5u0 - 700 r,sec). In
order to have all tho pulses ●rrive at the target plane
simultaneously, the pulsetrain must bw decoded usin~
different path lonsths to remove the time delays; the first
pulses thro~sh the amplifiers require the longest path in
the decoder to target. A schematic diagram of the Aurora
system is shoun in Figure 1. Only 46 beams are taken to
target.

The front-end pulse of appropriate shape and.bandwidth
is replicated and amplified throuuh a series d wwedors and
4 amplifiers. The double pass Large Apatrture#bdul,o (LAM)
amplifier, l~ith ● n apertllr~ of 1 m=, serve~ ●s the flnai
stage before decoding to target. Description of the fr~nt
end, the four KrF laser amplifiers, the optic h aystom, Mnd
the be.tam diag,lostics have been published elsewhe~e.1.~
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To date Aurora has demonstrated the following
performance: 48 beams available to target; 1 ~.20 nsec
variable pulseshape; 600 Mm spot diameter: 1300 J delivered
energy; 40 cm-l bandwidth; and up to 7 full system tarset
shots per day.

3. Laser Physics Experiments

In addition to typical system support
(characterization, analysis, and 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 effects through tha amplifier chain. Particular
topics related to the former goai will bs described below.
Pulse shaping will be discussed in some detail in a
companion papey to be given at this conference.~

The amplifier of primary interest is the LAM. Its size
was chosen to address issues associated with the scalin~ of
these devices to higher energy and lower cost. It is
electron-beam pumped from two sides. Due to its large
ph>sical size, r.mplified spontaneous emission (ASE) could
reduce energy extraction. ASE modeling codes for the LAM
(with small-signal gain go, absorption a, 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
another 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 Proamplifior (PA)
nd the Intermediate Amplifier (1A) were performed this nast

year . Small-signal gain as a function of pressure, Marx
charge voltage, 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 iength uas reduked by
blocking part of the electron-beam with thick

#?%rr%::sThis work was done as an affort to character~
the retropulse and parasitic problems encountered fn the
cent.erad optical system. The gain length waskthon set at a
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safe level. A beam “gobbler” has als; laid in the bottom of
the the PA cavity to spoil possible parasitizes -

Experiments were also performed to study the
propagation of shaped pulses 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. In general the
pulse had a variable energy toe 5 - 15 nsec before the main
I nsec spike. The contrast 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 PhY sits ~#bilitieS

Tarqet 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
dia~,lostics 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 (multiplex).

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

In sdd~,tion, s 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 KMS the system had
demonstrated delivery of two 100 psec, 60 J pulses in the
green (527 nm) of 10 - 15 X diffraction limit;beam qual:ty.
This specification will be used as a starting ~tn~ ●t Los
h.lames .

b
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5. sYst8fl._ I.rnprovements

Several system improvements aye currently in Progress
at Aurora. The rajor gcsl is to deliver greater laser
intensity to the terget plane with better reliability.
Greater intensity can be achieved by increasing 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 rlsec. Typical overlapped spot
sizes were 600 pm using manual aligrlment to target. These

parameters gave peak target irradiances of over 100 TW/cm~.

System reliability has been another priority at Aurora.
The Aurora amplifiers have been fired a total of 1,489 times
for a variety of dif=erent experiments this pest fiscal
year .

Among the improvements currently ir, progress are
optical upgrades (especially with the centered optical
system), a rebuilding of the system’s pulsed power, and
ins+.ailing a new computer control system.

A new drivs system for the LAM mirror mounL i-
currently being tested. Because the old stepper-motor
geneTated severe heat gradients in the amplifier box, the
new driver is piezoalectric and will add a negligible heat
load to the laser gas mix. previously, obtaining good beam

wality on target rewired prolonged mixing of the laser
gas . .

New optics are being installed throughout the optical
train. Complete metrology, ~ncluding damase testing, is
being dove on all components to assure that they meet
specifications . Several optics had been damaged, in part
due to a retropuise and parasitjc problem in the PA and 1A
areas . The refractive optics are anti-reflective coated and
~hose with lower damage thresholds had been burned by the
retropulses . To preserve the optics the PA Sain had to be
turned down.

Modeling has shown that the major contributor to the
retropulso problen; is the IA exit lens and experimental
evidence supports this conclusion. A tempora~y fix wi!l be
to tilt tflis lens and accept a slight penalty%n qpot size.
Figure 4 shows raytraclng calculations for twd cakes cf IA
exit lens tilt. The left side shows beamlet

ti
,9 Jor three

typical beamlets with a 1.8° lens tilt. The Hlet eize is
comparwd to an effective 400 Mm spot diameter #~cie ,irl the
target }Jlane drawn on the figure. A 20 wave correction to
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the mirror a~te~ the 1A exit lens was added in the’
calculation and shows that the beamlet size id.t.educed by a
factor of 2 with the same lens tilt. Note th~ the scale
size of the circle iz halved. To more fully &ive all the
amplifiers, the final splitter in the 8-fold encoding
section (whe~e 48 beams are replicated to give 96 beams) has
been removed. Using only the first 48 beams demands a
smalley tilt of the 1A exit lens resulting in less
degradation of the spot size.

The ultimate solution to this retropulse problem is to

provide time-of-flight isolation between the PA and the 1A.
Conceptual designs for Lhis have been developed. High
damage threshold coatings will ●lso help avoid this problem.
Eventually ~he PA and 1A sains will be safely increased,
allowin~ 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
system has aiso been refurbished to provide a more uniform
temperature which reduces index gradients throughout the
optical beampath.

7. conc~io n

With the above improvements, Aurora is expected to
realize )1 KJ in a 300 pm spot in the target plane. The

pulse length already has been shown to be variable from 1 -
20 nsec. Bandwidths will also be variable from 1 - 150 cm-
1. Pulse shaping has been demonstrated with two step
contrast ratios up to 100:1. The system should be reliable
enough to averago 5 full system shots per week witlf a
significantly reduced operations and fi,~intenance crew. Tbe
successful demonstrations of multiplexed alignmerlt systems
and scalable amplifiers have shown that the basic components
of KrF technology can be extended to future systems with low
risk and reduced cost. In addition to conducting target
physics experiments, Aurora will be used as a

#
stbed

supporting future KrF technologies.
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This work was funded by the U. S. Depart&nt ~f Energy,
Division of Ine~tial Fusion. The li?t of over 50 staff
members and technicians on the Aurora project qs too long to
pub!ish within Lhis report, but their hard work and
dedication is gratc~ully ackno~ledged.
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Figure 1: Schematic of the Aurora laser. The front, end
produces a pulse which is replicated 96 times, 48
beams of which go to target. The pulse train
passes through 4 amplifiers and is decoded 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 (S - a)L. Two data sets are
calculated: o and 20% wall reflectivity,
respectively .

Figur* 3: PA small-signal gain as a function qf aain length.
Because ASE is less important role, the ~ain
lensth decreases,

b

the measured smal ~ignal gain
increases. .,’0

Figure 4: Raytracing calculations for three t&iokl heamlets
demonstrating ths effect of the 1A exit lens tilt
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of 1.8°. The lefthand case shows tk” results for
the tilt alone. The right ha?c! 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 t~o cases are different by a ?actor
of two; the 20 wave correction puts a smaller
beamlet on target.
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