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Introduccion

Existen actualmente varios métodos mediante los cuales se intenta lograr la fusién
nuclear controlada. T > 10 keV

m Fusién por confinamiento magnético
m Fusién por haces de particulas

m Fusién laser

(a) ITER International Thermonuclear
Experimental Reactor, Oxford, Reino  (b) NIF National Ignition Facility, Lawrence
Unido Livermore National Laboratory



TRAPPING
FUSION FIRE

When a superhot, ionized plasma is trapped in a
magnetic field, it will fight to escape. Reactors are
designed to keep it confined for long enough for
the nuclei to fuse and produce energy.

A CHOICE OF FUELS

Many light isotopes wil fuse to release
energy. A deuterium-tritium mix ignites at
the lowest temperature, roughly 100 million
kelvin, but produces neutrons that make the
reactor radioactive. Other fuels avoid that,
but ignite at much higher temperatures.
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Multiple coils produce magnetic fields that
hold the plasma in the chamber. A coil
through the centre drives a current
through the plasma to keep it hot.
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MAGNETIZED TARGET REACTOR
(GENERAL FUSION)

Magnetized rings of plasma are injected
into a vortex of liquid metal. Pistons punch
the metal inwards, compressing the plasma
to ignite fusion.

COLLIDING BEAM FUSION REACTOR
(TRI ALPHA ENERGY)

‘Cannons' fire plasma vortices into a
chamber, where they merge into a
stationary vortex. This is suspended in
magnetic fields, and is kept heated by
beams of fresh fuel.
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Figura: El progreso en los niveles de energia y energia alcanzables por los lseres de confinamiento
inercial ha aumentado dramaticamente desde principios de los afios setenta.
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Fuel gain exceeding unity in an inertially confined

fusion implosion
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Ignition is needed to make fusion energy a viable alternative energy
source, but has yet to be achieved'. A key step on the way to ignition
is to have the energy generated through fusion reactions in an
inertially confined fusion plasma exceed the amount of energy
deposited into the deuterium-tritium fusion fuel and hotspot dur-
ing the implosion process, resulting in a fuel gain greater than
unity. Here we report the achievement of fusion fuel gains exceed-
ing unity on the US National Ignition Facility using a ‘high-foot’
implosion method>?, which is a manipulation of the laser pulse
shape in a way that reduces instability in the implosion. These
experiments show an order-of-magnitude improvement in yield
performance over past deuterium-tritium implosion experiments.
We also see a significant contribution to the yield from a-particle
self-heating and evidence for the ‘bootstrapping’ required to accel-
erate the deuterium-tritium fusion burn to eventually ‘run away’

The high-foot implosion is designed to reduce ablation-front-
driven instability growth and thereby inhibit ablator plastic (carbon
hydrogen and silicon dopants) from mixing into and contaminating
the D-T hotspot. The laser pulse shapeis designed to obtaina relatively
high hohlraum radiation temperature (T,oq~90-100¢V) during the
‘foot’ of the pulse (Fig. 1) and launches three shocks. In contrast, the
NIC implosion pulse shape drives a lower radiation temperature (Tyyg =
60 eV) in the foot (hence low-foot’) for longer and launches four shocks.
The essential stability benefits of the high-foot scheme can be under-
stood from examining an expression for the linear growth rate of the
ablation-driven Rayleigh-Taylor instability'®
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Figure 1| Indirectly driven, inertially confined fusion target for NIF.

a, Schematic NIF ignition target showing a cut-away of the gold hohlraum and
plastic capsule with representative laser bundles incident on the inside surface
of the hohlraum. b, X-ray image of the actual capsule for N130927 with D-T
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fuel layer and surrounding CH (carbon-hydrogen) plastic ablator. ¢, X-ray
radiation drive temperature versus time for the NIC low-foot implosion and the
post-NIC high-foot implosion.
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Diagrama simplificado de la trayectoria del laser.
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Vista esquematica de los sistemas y componentes del laser.
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Full-aperture backscatter station on Shenguang-Il Laser Facility
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Status of SG-ll solid state laser project

Status of the SG-III solid state laser project
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China Academy of Engineering Physics
P.0.Box 501, Chengdu, China, 610003
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ABSTRACT

High power solid state laser technologies for application to inertial
confinement fusion have been developed over the past three decades in China.
The XG-I laser facility was built in 1984 (1) and upgraded into XG-II(2)
271:9-?-3 The SG-I was completed in 198 &and the upgrade into SG-II will
be finished in a few months; As the nexl step, the SG-III laser facility(3) has
been proposed to produce 60-kJ blue light for ICF target physics experiments
and is now being lly designed. A preliminary baseline design
suggests that the SG-III be a 64-beam facility with an output beam size of
25cm x 25cm. The main amplifier column of 4 high by 2 wide has been

hnolooies includi

chosen as a module. New laser
large aperture plasma electrode switches, fast growth of KDP laser glass with
fewer platinum grains, Ce-doped quartz long flash lamps, capacitors with

higher energy density and precisi fz ing techni of large
optical components have been developed to meet the requirements of the
SG-III Project. In addition, numerical simulati are being ducted to

optimize the optical design of the facility. The Technical Integration Line
( TIL ) with a 4 x 2 segmented aperture array for the amplifiers as a prototype
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1. SG-III LASER FACILITY

According to the requi on laser nce for application to
inertial confinement fusion and the development level of high power solid-
state laser technologies , the SG-III  laser facility has been proposed to build
which will deliver 60-kJ blue HE% to targets. We have been working on the
conceptual design of the facility for a couple of years and preliminary
performance requirements for the SG-III facility have been suggested, based
on the results of simulations and experiments to date, as shown in Table 1.

Table 1. Suggested specifications for SG-111

Laser pulse energy 60 kJ/0.35um
Peak power 60 TW

Pulse duration 1~5ns

Pulse shaping Flexible
Beam number 64

Beam power balance <10% rms

Beam pointing accuracy < 30pm rms
Target chamber diameter 5m
Shot rate 4 hours

The SG-III facility consists of a 64-beam Nd:glass laser, switchyard, target
area and diagnostics housed in 1he main buil lng With two laser bays.
Technical support systems for ion and mai of the
facility are installed in an auxiliary building.

Because the SG-III is a multibeam laser facility, two significant principles
for design, as in the case of NIF(4) and LMJ (6), are followed. First, the
multisegment- aperture- mmm‘a 4-pass amplification for
cavity amplifiers is adopted to greatly reduce the cost. Second, most of the
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aperture of 30em x 30cm has been chosen to match the manufacturing
capability of large aperture precision optics in China. Each laser bay contains
4 independent beam bundles with a 2-meter space between two neighbours for
easy access. The laser beams emerging from the transport spatial filters are
directed to the switchyard and arranged there to enter the target chamber, after
frequency conversion, either in a few beam cones for indirect drive targets or
in a spherically-symmetrical distribution for direct drive target illuminations,
as shown in Figure 2 and Figure 3, respectively . The (arEel chmbe;m;‘rvn-
d&nﬂggﬂ W with many ports for both final optical assemblies an
diagnostic instruments mounting.

2. TECHNICAL INTEGRATION LINE

Conceptual design of the SG-III facility shows that many new laser
technologies have to be used for performance and cost effectiveness. Some of
them are being examined on the existing facilities or even still under
development. To reduce the risk, a technical integration line (TIL) as a
prototype for the SG-III facility has been planned to build first in the next few
years. The TIL is actually a 4 x 2 beam bundle of the SG-III facility with
Nd:glass slabs for only two apertures and dummy slabs for the rest six
apertures.

The TIL consists of six major systems which are front-end and preamplifier
system, maim amplifier system, beam control system, frequency conversion
system, laser di; ic system and i control system.
Figure 4 depicts the optical schematic of one beamline of the TIL from pulse
injection to final focus on target.

The front-end consists of a master oscillator, low-voltage KTP waveguide
modulator, fiber distributor and amplifiers, and diode-pumped regenerative
amplifiers which provides high quality optical pulses at an energy level of a
few millijoules. Then the pulse enters the preamplier optical chain composed
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Table 2. Designed Specifications for TIL

Laser pulse energy 1500J/0.35um

Beam aperture 25cm x 25cm (hard aperture 30cm x 30cm)
Beam number 2 (6 with dummy glass)

Pulse duration 1-3 ns ( rectangular or shaped)

Beam pointing accuracy < 30pum rms

Beam divergence + 25urad

Beam power balance ~ ~10% rms

An adaptive optics system was firstly tested on SG-] laser facility in
Shanghai late in 1980's. Here again ,we have designed a new adaptive optics
system for the TIL to compensate for wavefront and thermal distortions in
order to improve the beam quality and reduce the fabrication tolerances of
optical components. Figure 5 shows the schematic of the system and the main

: deformable mirror, T Sensors, p and wavefront
controller. The system is designed to correct 2-3) static aberrations due to
fabrication and ing errors and 3-6% dynamic aberrations

induced by the flashlamp thermal load so that the output beam divergence
could be controlled to <+50prad to meet the requirement for a high frequency
conversion efficiency. The deformable mirror will be installed prior to the
injection of the laser pulse into A1 as in the Beamlet (6)

The main amplifier stage has a cavity amplifier (A1) for four-pass
amplification and a booster amplifier (A2) for energy extraction. The four-
pass architecture is basically similar to that for NIF(3) and LMI(5). The laser
pulse (<10J) is injected into Al at the focal plane of the cavity spatial filter for
the first double-pass amplification, then directed into the optical chain of the
beam reverser with a small aperture Pockels cell switch and then re-injected
for the second double-pass amplification by Al. The pulse from Al is finally
amplified by A2 to the reauired outout enerev
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beam reverser is designed to turn on for isolating the optical path since the
onset of the flashlamps' pumping until the arrival of the laser pulse to be
amplified. While the large one in the cavity is designed to work for interstage
isolation after the amplification of the laser pulse by Al. When the laser pulse
travel through the Pockels cells, there is no voltage applied to them. To the
laser pulse, the switches work in a static regime. However, if the large Pockels
cell once fails to work, optical damage could be brought by the reflected light.
A prototype plasma-electrode Pockels cell of 80mm x 80mm has been
successfully developed at CAEP, while larger ones for the TIL still under
development.

Numerical simulations are still being conducted for optical design and the
results have shown that glass slabs’numbers of 9 for Al and of 5 for A2 are
preferred. The Nd-doped phosphate glass is newly developed (5) and has been
put in pilot production.

Table 3. Nd-Doped Phosphate Glass(N3,)

Stimulated emission cross section 4.5 x 10?°cm®

Fluorescence lifetime 400pm (2.2% NdzOs)
Absorption coefficient 0.1% /em

Nonlinear refractive index 12x 1050
Damage threshold (1.06pum,3ns) 2201/ cm®

Platinum grain <0.2/ liter

The power conditioning systems will also be modularized, each pumping
the flashlamps of one 4 x 2 x1 amplifier module. Capacitors using the self-
healing, metallized dielectric technology are being developed by a number of
vendors and an energy density of 0.5]/cc has been reached. Ce-doped quartz
flashlamps 140-cm long, 3cm in inner diameter are now under test and pilot
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Status of the SG-III Solid-state Laser Facility
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Abstract. SG-III laser facility beam begins with a nanojoule energy laser pulse from the
master oscillator and a fiber front-end system that can provide a variety of pulse shapes
suitable for a wide range of experiments. The chirped pulse stacking method is used in the
front-end system to generate arbitrarily shaped pulse with a rise time less than 50ps. The
system stacks a set of 100-ps chirped pulses in fiber time-delay lines to obtain a 5-ns flat-top
pulse with a spectral bandwidth of 1.2nm. The pulse is then transported to preamplifier
modules under the middle of CSF for amplification and beam shaping. There is a total of 48
preamplifier modules on SG-11 cach feeding a single laser beams. The main amplifier column
of 4 high by 2 wide has been chosen as a module and the clear optical aperture is 40cmx*40cm
Small PEPC are chosen for system isolation and beam can be rotated by 90 degree in U-turn
beam reverser located in the middle of TSF. After main amplifier, beams are subsequently
redirected to final optics assembly in switchyard and are focused on the center of the target
chamber with the diameter of 6m.



Laser description

SG-1II's laser system, the heart of the facility, is comprised of 48 high-power laser beams.
For inertial fusion studies, these laser beams will produce 180,000 joules (approximately
60 trillion watts of power for 3 nanoseconds) of laser energy in the near-ultraviolet
(351-nanometer wavelength).
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Figure 2. Configuration ot SG-II’s laser system



Front-end system

The front-end system mainly consists of four parts: 100-ps standard pulse unit pulse
shaping unit, fiber transport amplify unit and power amplifier unit. The pulse begins in
a passively mode-locked Yb-fiber laser which generates a train of stable 200-fs pulses
at the central wavelength of 1053 nm with a bandwidth of 10 nm. A polarization-
independent waveguide modulator is used as the pulse selector to decrease the pulse
repetition rate from 20 MHz to 1 Hz. The selected pulses are coupled into an Yb-fiber
amplifier with a 1 nm fiber grating filter centering at 1053 nm, and after passing through
a chirped fiber grating the amplified pulse is stretched to 100 ps called standard pulse.
These 100 ps standard pulses are input into a compact pulse shaping system based
on temporal stacking of pulses. The system can generate shape-controllable pulses with
fast rise time of 50 ps with a spectral bandwidth of 1.2nm.



Preamplifier system

Each of the 48 pulses from the Front-end enters the Preamplifier system on a single-
mode optical fiber, where it is amplified first by a repetition amplifier module, then by
a LD-array pumped thin-slab amplifier and a double-pass rod amplifier. After aligned
and isolated, the pulse from the Front-end system is first injected into the high-gain
amplifier where experiences a gain that raises its energy from 10 pJ to 10 mJ. After
being switched out of the high-gain amplifier, the pulse traverses a spatial shaping
module that transforms the Gaussian spatial shape to a profile that is designed to
compensate for the spatial nonuniformity of the gain throughout the rest of the laser.
The ability to accurately shape the spatial profile allows the SG-IIl to produce beams
at the output of the system that have a flat irradiance distribution across the central
part of the beam. After passing through the beam-shaping module, the pulse is injected
into thin-slab amplifier pumped by LD array, where the pulse makes 12 round trips and
improves its energy from 10 mJ to 1J. Then the pulse makes double pass through a
flashlamp-pumped rod amplifier, yielding a nominal net energy gain of 5. The overall
energy gain of the preamplifier system is of the order of 10°.



Main amplifier system

The beam from the preamplifier is injected into the main amplifier from the pinhole
of the cavity spatial filter (CSF). In this way, the total gains of the main amplifier can
be increased. It also can ease the pressure to system isolation and simplify the process
of alignment. The beam traverses the main amplifier (MA), reflects off a deformable
mirror that is used to correct wavefront distortions, and then goes through the MA
and CSF again. It then passes through the booster amplifier, and enters U-turn beam
reverser through the inject pinhole located near the focal plane of the transfer spatial
filter (TSF). The amplifiers, with 16 glass slabs per beam, are arranged with 9 slabs in
the main amplifier section and 7 slabs in the boost amplifier section. The laser glass
slabs, measuring 46 cm x 81 cm x 4 cm, consist of neodymium-doped phosphate glass.



Final optics assembly

After the transfer spatial filter (TSF), the main pulse proceeds to the switchyard where
four or five transport mirrors direct it to one of a number of final optics assemblies
(FOAs) symmetrically located about, and mounted on, the target chamber. Each FOA
contains a 1w vacuum window, focal-spot beam-conditioning optics, three frequency
conversion crystals to reach 351 nm wavelength, a focusing lens, a beam sampling
grating (BSG) that serves as a beam diagnostic pickoff to measure energy and power,
and a 1-3 mm thick disposable debris shield.



FD: Front-end PC: Pockel cell

PAM: Preamplifier module PMU: Parameter measurement unit
AMP: Ampilifer FCU: Frequency convert unit

SF:  Spatial filier WEFL: Wedged focus lens

CM: Cavity mirror BSG: Beam sampling grating

DM: Deformable mirror ~ CPP: Continuous phase plate

PA: Pole array TM: Transport mirror s wC
BR: Beam reverser DS:  Debris shield
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Figure 3. Schematic of one of the 48 beamlines in the SG-III facility
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