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O Basic CPA and fast ignition desires
O Technical challenges and approaches

QO Summary and plan forward suggestions
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Chirped Pulse Amplification m%
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Strictland & Mourou, Opt. Comm.56, 219, 1985

Minimum stretched pulse duration is

determined material properties
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O Saturation is reached safely

QO Peak power improvement is proportional

to stretching ratio (>1000)
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IFE Fast Ignition Laser Constraints m%
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The National Ignition Facility

Required electron energy, number density, pulse duration and spot size

set limits on laser parameters
100 kd, 20 ps, 50 um spot, 1A% ~ 1020 W/cm2-um

KrF, Yb:S-FAP, Yb:glass, Nd:glass, CO, have required bandwidth
1053 nm implies 1A2 = 2.8x102° W/cm=-um under above conditions

Saturation fluence for efficient CPA operation plus above constraints

suggests use of 1 micron solid laser materials
F... ~5J/cm?2

100 kdJ of short pulse energy is more than 2 orders of magnitude beyond

present state of the art



Three Classes of Petawatt Lasers mrE

The National Ignition Facility

Past and Future Short Pulse Systems
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IFE Fast Ignition Laser Constraints m%

Q

The National Ignition Facility

Required electron energy, number density, pulse duration and spot size

set limits on laser parameters
100 kd, 20 ps, 50 um spot, 1A% ~ 1020 W/cm2-um

KrF, Yb:S-FAP, Yb:glass, Nd:glass, CO, have required bandwidth
1053 nm implies 1A2 = 2.8x102° W/cm=-um under above conditions

Saturation fluence for efficient CPA operation plus above constraints

suggests use of 1 micron solid laser materials
F... ~5J/cm?2

100 kdJ of short pulse energy is more than 2 orders of magnitude beyond
present state of the art

Initial IFE FI concept development can draw on several existing efforts

Mercury and Mercury-yy-colider, DOE/NNSA High Energy Petawatt initiative,
LLNL Advance Laser Drilling etc.



The 5-year plan for DPSSL development m%
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1 CY2001 1 CY2002 1 CY2003 1 CY 2004 1 CY 2005 1

Mercury Laser (100 J at 10Hz)

Component _ o
Development — Build laser » 1w Activation

( Wavefront Correction

& Bandwidth Control >

LAverage Power Frequency Converter

3w Activation
Beam-Smoothing

IRE Component Development (multi-kJ system)

15 cm S-FAP Crystals and Edge Cladding >
Pockels Cell and Driver

>
> 200 W Diode bars >
IRE Architecture
System Design Requirements and Cost Scoping » IRE Design

Courtesy of C. Bibeau and Mercury team



A collaboration with the Photon Collider Project
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Courtesy of C. Bibeau and Mercury team



CPA State fo the Art (Nd:glass systems) m%
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O Nova-style PW lasers are being built and used at labs outside the US
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HEPW Potential of Advanced Nd:Glass Lasers m%
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O All have similar multipass architecture and nominal 35cm x35cm beam aperture
O Single beam line “Potential” is of order 5 kd energy @ 10 ps pulse duration
100 fs bandwidth capable
O Pulse duration is limited by final optic damage and driven by mission needs
High energy (10-100 keV) x-ray backlighters, fast ignition PoP experiments, etc.



Required R&D for HEPW Production

Device or Task Risk Comments

Stable, seed laser L | Commercial options available at 100-fs
pulse duration

Timing synchronization L |Issue has been addressed at the ps level
in laser-electron interaction experiments
at accelerator facilities

Multi-nanosecond pulse L |Designs exist, telecom components may

stretcher allow reduction in size and complexity

Broadband preamplifiers M |[OPCPA has been demo’d in research
environment. Improvements in stability
could be made

Active Phase and M | Important for pedestal control and pre-

amplitude control compensation of gain saturation effects.
Commercial devices exist but have not
been tested

Bandwidth failsafe L |Prevents short pulse injection and
subsequent damage. Commercial
solutions available

Chirp failsafe M | Prevents accidental production of
transform limited compressed pulses
and damage to final optics and gratings

Prepulse control M | Necessary to prevent target

preconditioning

The National Ignition Facility



LLE/LLNL Mercury Spectral sculptor
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» Sculptor was achieved with ~ 100:1
dynamic range
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Courtesy of C. Bibeau and Mercury team



Spectral sculpting to minimize gain narrowing m%
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Target/System Requirements Optical Spot size
Total Energy 100 kJ Specification 300 um | 50 um
Final Optic Standoff | 20m Aperture 26cm | 160 cm
% Solid angle 0.15% 5.6%
With phase - 0.15%
Calculation for 1 kd output locking
P —— Input spectrum E
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Assumptions:
 Laser has 2x diffraction-limited output
* If 36 (26 cm) beamlines can be phase-locked, then a 50 um spot size can be
achieved with a 37x reduction in solid angle
Courtesy of C. Bibeau and Mercury team



Required R&D for HEPW Production m%
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Device or Task Risk Comments

Damage resistant gratings H |Need high dispersion, high efficiency
and 1 order higher threshold than gold

Scaling of grating aperture H |[Techniques need to be developed for
production of gratings or arrays of
gratings with multi-meter dimensions

Damage resistant coatings H |[Focusing and turning optics after the
compressor see high intensity

Compact compressors M | To minimize cost and/or fit within
existing facilities

Adaptive beam control M |Intensity goes as square of beam quality

Focusing optics M | Different optics are needed for
integrated experiments

Debris control M |[Existing shields are too thick

Back reflection mitigation M | Additional consideration of amplifier

protection needed. Compressor acts as
a good spectral filter




CPA Doesn't Eliminate Final Optic Damage mﬁ:;
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High Energy, Chirped Pulse

Pulse is SHORT and energy is HIGH on the Final Grating and Focusing Optic
Intensity dependent damage of “Final Optics” is THE BIG problem

Nova PW solution was to scale metal coated gratings to large aperture

©c O O 0O

Multi-kd PW pulses would require “garage door” size gold optics, fabrication

technology and vacuum enclosures!



Dielectric Final Optics for ps HEPW pulses m%
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O Move away from gold coated optics

O For fixed aperture, higher energy is obtained at increased pulse
duration




High energy short pulse grating design mf§
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O Possible dielectric grating configurations %’ %/

Reflection has less loss & better wave front reflection

O Possible grating construction transmission

Multi-layer dielectric (MLD)
Polymer surface relief
Volume holographic
Disposable materials

QO MLD gratings

High efficiency

Can be constructed from high damage materials
Technology is scalable in area

Low wavefront distortions

Q Optimization and/or testing of high damage gratings is being pursued by

several organizations
LLNL, LLE, LULI (France), GA, Jobin Yvon (France) etc.



Dielectric Final Optics for ps HEPW pulses mﬁ:;

The National Ignition Facility
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O LULI damage testing in 2000: MLD grating from Jobin Yvon had twice the
capacity of gold optics at 0.5 ps duration
O Reduction from ideal dielectric due to “structure” effects

O Structure effects can be controlled with proper groove design



Multilayer Dielectric Gratings N~
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The National Ignition Facility

Reflective dielectric stack

O Grating is etched into top layer of multilayer dielectric stack
O Stack provides enhanced reflectivity at wavelength and angle of operation
O Top layer grating structure is produced with lithographic technology



Multilayer Dielectric Gratings
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Grating is etched into top layer of multilayer dielectric stack

Stack provides enhances reflectivity at wavelength and angle of operation
Top layer grating structure is produced with lithographic technology

Width and height of grooves determines diffraction efficiency

Field structure in the grooves will dictate damage (intensity dependent)

High dispersion designs with field enhancement of 1.1 have been developed



Intra-groove field enhancement drives damage m%
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Damage threshold from Field Enhancement

® Measured Damage Threshold

Field structure in the grooves
is a strong function of angle of
incidence

Preliminary damage tests at
LLNL confirm a square
dependence on E-field on the
groove surface
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35 cm aperture and 77 degree incidence
will require a 2 meter grating surface and
presents new technical challenges

10 cm Mercury aperture will require > 1
meter



Dielectric Final Optics for ps HEPW pulses
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O Recent grating damage tests at LULI of low field enhancement (~1.2),
intermediate dispersion gratings from GA are encouraging for >3 J/cm?

operation



Compressor grating scalability m%
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O Two approaches: Monolithic and Segmented

Q Issues for multi-meter monolithic grating production

Substrate thickness
Substrate weight

Coating of large substrates
Exposure of large substrates
Etching of large substrates

QO lIssues for segmented grating structures

Development of high resolution and stability adjustable mounts
Development of precision alignment schemes
Control of damage at grating interfaces



2 meter class MLD etching device m%
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O Linear lon sources can be adapted to

provide 2 meter-scale etching capability
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Tolerances for a segmented grating mosaic NF
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Front View of Mosaic Groove tilt

V

Il LLE Mosaic Test Assepmbly

Top View of Mosaic Grating tilt
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Piston

Three effects will induce aberrations on the laser beam
For 40 cm sub-gratings, alignment requirements are of

order 0.2 micron for grating and groove tilt and of order
0.1 micron for piston



Compact compressor design m%

The National Ignition Facility

Top View
Chamber Input Port

LLNL proprietary

Off-axis
parabola

Compressor (5 m)

O HEPW pulse stretching will require > twice dispersion of Nova PW class lasers

O Nova PW compressor grating separation at this stretched pulse duration would be
20 meters (vacuum enclosure becomes a major cost factor)

O Mixed grating designs can be made compact AND provide high dispersion
O First grating pair is different groove density than second grating pair
O Second grating pair groove density and separation chosen to remove beam chirp



NIF HEPW concept (2-5 kJ, 0.5-50 ps) for HEDS & SSP NI

The National lgnition Facility




Compact Compressor Will Allow Quad Deploymentm%
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Dual beam compressors allow
insertion of a quad of PW beams
Into direct drive ports
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Removable parabolic optic
assembly allows conversion to
standard DD configuration




Summary and Plans Forward N~
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There is strong single-shot HEDP mission leverage at higher energy
Hard x-ray backlighting, fast ignition, etc. require multi-kJ’s to 100 kJ

HEPW lasers are fundamentally limited by final optic damage
Aperture scaling of past technology not practical

Dielectric final optics + 20 ps pulses should allow needed multi-kd pulse

production and will be compatible with rep-rated CPA for IFE-FI
HEDP HEPW mission work is single shot

Short pulse final optic damage will limit 20-ps fluence to 3-4 J/cm?
Larger focal solid angle than drive laser

Cone concentrators and/or proton-FI may significantly change the

focusing and solid angle requirements
50 microns vs >300 microns

DPSSLs have the necessary bandwidth, wavelength, saturation fluence

for CPA at the kJ, ps level
Yb:S-FAP should work well



Summary and Plans Forward N~
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O The key concepts of broadband propagation will be tested with Mercury

next year

— spectral sculpting with 100:1 dynamic range,
optical parametric amplification front end
FM-AM reduction, broadband extraction

O Bandwidth on Mercury is required to suppress longitudinal and transverse
SRS and SBS in the gain medium

O The short pulse option will be tested under the Photon Collider
collaboration

O Beam quality on the order of 1xDL is required for the Collider Project
wavefront correction will be needed

QO Other concepts and laser materials still need to be evaluated in the IFE

context

Courtesy of C. Bibeau and Mercury team



