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There are really two avenues to get to 10 PW but the
road to an exawatt is more challenging

Nd:glass based systems

Nd:glass
pumped
systems



The Texas Petawatt design is based on a 3-stage
OPCPA amp and a mixed glass chain

High energy OPCPA front end

Mixed silicate/phosphate
glass amps

High diffraction efficiency
multi-layer dielectric gratings







Next generation multi-PW lasers based on Nd:glass
will need amplifiers at ~30 cm aperture

Mechanical Engineering conception of the 10 PW Hybrid Mixed glass laser

18 cm silicate
disk amp

30 cm phosphate
disk amp



Cyclops laser (1974)
1 beam
100 J

Argus laser (1976)
2 beams

1000 Joules of energy

High energy Nd:glass lasers (above 100 J) have been
based on the same technology for 40 years

Shiva laser (1978)
20 beams

10,000 Joules
Nova laser (1985)

10 beams
100,000 Joules

National Ignition Facility -
NIF (2009)
192 beams

1,800,000 Joules @ 351
nm



Large aperture Nd:glass laser amplifiers are
based on a completely ubiquitous architecture

Examples of Brewster angle, free mounted, multi-slab
integrated, flashlamp pumped Nd:glass slab amplifiers

Repetition rate of these amplifiers is limited to thermal cooling by heat conduction into
the surrounding air - repetition rates of 1 shot/30 min-3 hrs are typical



Can traditional slab amplifiers be reengineered for
cooling and ease of use?



This technology will permit operation of large aperture (~ 20 cm) Nd:glass slab
amplifiers with rep. rate at least one shot per minute

We are investigating liquid cooling the faces of glass
slabs as a means for dramatically increasing rep. rate

Viewgraph credit: Jon Zuegel (LLE Rochester)



Amultiple split disk design allows for more
aggressive cooling



Traditional flashlamp configurations require
multiple slab pump cavities

NOVA 31 cm disk amplifier flashlamps and pump cavity



We have designed a modular liquid cooled slab
architecture



The modular liquid-cooled slab concept enables
easy to use large aperture CPA and pump lasers

Flashlamp cartridges use
short lamps oriented

vertically
Flashlamps are housed in a

removable cartridge

Cooling liquid in

Cooling liquid return
manifold

18 cm aperture suitable for
amplification of pulses to 1000 J

Standard flashlamp
technology is reliable
and inexpensive

Liquid cooling of the
amplifier slab faces

permits 0.1 Hz operation



An integrated unit is a compact, single macroslab
amplifier pumped with 31 kJ of flashlamp energy

Amplifier has 18 cm clear aperture: 250 cm2 amplifier area
At 5 J/cm2 amp is suitable for amplification of >1 kJ pulses

(Each module has ~ 250 J stored energy)



We have constructed an 18 cm Nd:glass slab
prototype module for rep-rated testing



The split disk cassette is designed to yield smooth
liquid flow in the optically usable aperture



internal
operating

condition

Losses at the slab-water interfaces are
small
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Frosted lamp cartridge casing
LG750 glass

Clear lamp cartridge casing
LG750 glass

Small signal gain was measured at various points
in the amplifier aperture



Flashlamp spectral blue-shifting at high discharge
voltages cause a roll over in small signal gain



Use of higher gain glass than in the prototype
unit will boost small signal single pass gain



Thermal modeling shows temperature from slab
center to edge to vary by ~2°

Gentle temperature gradient along slabs

293

295



Heat flow calculations predict a linear thermal
variation up the slabs with less than a 1o gradient

Calculated thermal gradient of coolant at 0.1 Hz operation



We have performed optical wavefront
measurements on the pumped amplifier



We have measured beam wavefront quality
through the slab while it is run at 0.07 Hz



Wavefront polynomial fit indicates the wavefront
distortion is <1 wave under thermal loading

Full aperture wavefront measurement at 1 shot/15 sec (0.07 Hz)



Small regions of the amplifier were also examined
to look for small scale wavefront distortions



There is no evidence of small scale wavefront
distortion in the flowing water



Integration of the split-disk amplifiers allows
construction of compact, kJ-class lasers

Conceptual design for a 400 J, 527 nm Ti:sapphire pump laser operating at 0.1 Hz

Temporally pulse shaped front end
(1 J, 10-30 ns duration, flat-top in time)

Chain of split disk amplifiers

Mutli-pass relay image spatial filter
(~600-900J out)

Pre-amplifier optics
(~15 J, spatially shaped to flat-top,
SSD optics etc.)

Large aperture doubling
crystal (400-600J @ 527 nm)



The Apollon 400 J 2ωω pump laser is presently under
construction



The Apollon pump laser will be a compact system
delivering 400 J/527 nm pulses at > 1 shot/min



kJ-class Nd:glass lasers can now be packaged in
compact forms



The conceptual design for the Czech ELI 10 PW
laser involves Nd:glass amplifiers at 30 cm aperture

Mechanical Engineering conception of the 10 PW Hybrid Mixed glass laser

Pulse shaped OPCPA pump lasers

OPCPA stages
Oscillator, pulse

cleaner and stretcher

10 cm silicate
disk amp

30 cm phosphate
disk amp

30 cm amp power conditioning

final amp double pass telescope
8-grating pulse compressor

Laser output:
Energy: 1500 J,
Pulse duration: <150 fs
repetition rate: 1 shot/min
Laser Wavelength: 1054 nm
Temporal pulse contrast: 1010:1 at > 10 ps



The split disk architecture can be adapted to rep-
rated high energy (kJ-class) CPA lasers

4 m

Deformable mirror

18 cm aperture
Nd:silicate head

30 cm aperture
Nd:phosphate head



The principal limitation to the use of Nd:glass in
CPA lasers is that it exhibits limited gain bandwidth

Gain spectrum of two kinds of laser glass

Calculation of the effects of gain narrowing in Nd:glass

Gain narrowing of the ultrafast
pulse spectrum tends to limit
Nd:glass CPA lasers to pulse

duration of ³ 500 fsSpectrum reduced
to 7 nm bandwith



Commonly available Nd:glass is NOT the
optimum glass for broadband CPA

LG-760 Phosphate glass

Peak Wavelength: 1054 nm

Peak cross section: 4.5 x 10-20 cm2

Linewidth (FWHM): 21.1 nm
______________________________

Nd2O3 ~3%
P2O5 ~ 97%

Wavelength (µµm)
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Peak Wavelength: 1060 nm

Peak cross section: 2.9 x 10-20 cm2

Linewidth (FWHM): 28.2 nm
______________________________

Nd2O3 ~3%
SiO2 ~ 97%

LG-680 Silicate glass

Wavelength (µµm)
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The key parameter in a mixed glass CPA laser is
separation between gain peaks of the glasses

At gain ~ 103 - 104 bandwidth is typically ~ λλ2 - λλ1 + 8 nm

e.g. LG750 - LG680 ΔΔλλ = 6 nm 14 nm amplified BW 130 fs pulses



Schott is developing new glasses which push the
peak gain away from the 1057 nm central wavelength

Viewgraph courtesy of Simi George, Schott North America



Schott is developing new glasses on both the red
and blue side of the spectrum near 1057 nm

Viewgraph courtesy of Simi George, Schott North America



New glasses from Schott may also have superior
thermal properties for high rep-rate CPA lasers



We have performed simulations of high energy
CPA lasers based on these new glasses

Assume a broad seed spectrum from an OPCPA front end
Seed is modeled as super Gaussian
with 31 nm of bandwidth

Spectral pre-shaping is also considered

Saturated OPCPA
output

1 J
New glass stage
(LG680, K824 or L65)

Final phosphate
glass stage
(LG750)

Compression

Gain balanced in two stages for best bandwidth

Total gain varied



Using these new glasses, a 120 fs, 120 kJ exawatt
laser should be possible with existing technology
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PW laser



A good approach to achieving an exawatt would
be to implement an OPCPA seed into mixed glass



A hybrid approach to an Exawatt laser has many
advantages to other approaches



Thoughts on the future

• Liquid cooling of Nd:glass slab amplifiers will enable
~ 0.1 Hz to 1shot/min multi-PW to EW lasers

• New Nd:glass materials will enable sub-100 fs multi-PW lasers and a
120 fs EW laser

• New glasses might also improve rep-rate of these flashlamp
pumped lasers

• More work needed on tiling large number (~9 or more) of gratings for
large aperture compressors
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