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What does “ High-Power Laser ” mean nowadays?

Distinguish high-energy and high intensity lasers:

High-energy means tens of kJ per beam in ~ns pulses

These beamlines are building blocks for megajoule-class lasers

High intensity (usually) means 100 J in tens of fs

These systems have the highest focused intensity on target

These two types of system have similar peak power (petawatt  exawatt)
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What does “ High-Power Laser ” mean nowadays?

High-energy (MJ-class) lasers are potential fusion drivers:

The proposed HIPER
Facility (in planning)
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What does “ High-Power Laser ” mean nowadays?

High-intensity lasers are used for high energy-density science:

The Vulcan PW
target area during
construction
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All high-power lasers use MOPA architecture

Schematic of a NIF beamline:
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High-intensity lasers use Chirped-Pulse Amplification

CPA allows ultra-short pulses to be amplified to high energy

Cannot amplify a 20 fs pulse to ~ joule energies directly
CPA does a “coded stretch ” of the pulse using diffraction gratings:

Where is the best place for the adaptive mirror?
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The pulse must be recompressed in a vacuum

Astra Gemini south compression chamber

Successful compression requires minimal
aberrations on the beam, i.e. good
wavefront quality
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The aim is to achieve the highest possible intensity

This is done by
1. Making the pulse as energetic as possible
2. Delivering that energy to a near diffraction-limited focal spot

3. Ensuring the pulse is fully compressed, i.e. as short as possible

Delivering 12 joules in 40 femtoseconds to a 2-micron spot

generates a peak intensity of 1022 W cm-2

Sunlight is around 0.14 W cm-2
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What errors do we want to correct in high-power lasers?

Three main sources of aberration on the beam
1. Cumulative errors from 100+ optical components
2. Thermal effects from firing the laser (heat in amplifier glass)

3. Air turbulence (air conditioning, etc)

No 1 is static (until a damaged component is replaced)
No 2 is slowly-varying (timescale of minutes)

No 3 is dealt with by enclosing beam lines, turning air-con off, etc
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Adaptive correction of Vulcan Petawatt beam

Adaptive Optics Vulcan Beam 8 without Vulcan Beam 8 with
Reference Adaptive Optics Adaptive Optics

Monolithic 150 mm diameter adaptive mirror controlling a 90 mm beam
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Adaptive correction for extreme focusing

F/0.5 off-axis parabola

Mirror needs to be
either protected
or expendable
(spherical)

-
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Adaptive correction for extreme focusing

F/0.5 off-axis parabola

Mirror needs to be
either protected
or expendable
(spherical)

' Adaptive

correction

Low F-number wavefront sensor

Deformable mirror must accept full-size beam
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250 mm deformable mirror made at RAL

This mirror is gold-coated, so has a low damage threshold (<100 mJ cm-2)

Ideally want a dielectric coating, but the internal stress
causes the mirror to bend strongly
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Adaptive optics for high-power lasers

Things that make AO for high-power lasers easier
1. Plenty of light ()
2. Controlled environment (stable temperature, indoors, enclosed beams)
3. No need for an extended field of view (point focus only)

4. Only slow response needed (at present . . .)

Things that make AO for high-power lasers harder
1. Too much light (need to protect the wavefront sensor from the laser)

2. Deformable mirror needs to withstand the power density in the beam
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Future developments and issues
Fusion driver lasers will have “high” repetition rates (few Hz)
Thermal effects may be more severe (but still slowly-varying)

High-intensity lasers may require more extreme focusing

Deformable mirrors for these applications will need:
larger stroke to correct bigger errors
to handle both high average and high peak powers
sub-second response times

large aperture (50 cm or more)
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Future developments and issues

These requirements can probably be met individually

Making a single device that meets all of them will be a challenge
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