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ν We are updating our DPSSL design
for: (a) systems design integration
(laser/chamber/target), (b) calibrating
our systems models, and (c) future
integrated power plant study

ν We seek the optimum laser frequency
in the range 1ωωωω    →→→→ 4ωωωω by optimizing
target and driver performance

ν We are developing design concepts
for beam delivery (final optics, beam
segmentation, no. beams….) that meet
target requirements (energy, pulse
shape, smoothing, zooming…)

ν A near-term step will be to update
laser architecture and cost scaling

We are Investigating the Systems Issues for
Direct Drive Targets with DPSSL Drivers
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What is The Optimum λλλλ for DPSSL-Driven Targets?What is The Optimum λλλλ for DPSSL-Driven Targets?

?

 1ωωωω     2ωωωω     3ωωωω     4ωωωω
λλλλ(µµµµm) 1.05 0.53 0.35 0.26

ν Target gain………………………………..

ν Imprint (standoff, bandwidth)………....

ν Laser-plasma interactions……………..

ν Target stability…………………………...

ν Laser efficiency (wallplug →→→→ target)….

ν Optics damage/lifetime…………………

ν Integration complexity………………….

ν Systems optimum (COE?)……………..

NB: KrF is at
0.25µµµµm

?
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HAPL Direct Drive Target – Picket and Standard
Pulse Shapes Trade Gain for Stability

HAPL Direct Drive Target – Picket and Standard
Pulse Shapes Trade Gain for Stability

Picket Standard
•Yield (MJ) 343 384

•Elaser (MJ) 2.94MJ 2.44MJ

•Gain 117 157

•Max ρρρρR (g/cm2) 2.22 2.86

•Velocity 3.25e7  2.99e7

•In-flight adiabat ααααIF 2.31 1.65

•Shell breakup fract 0.15 1.8
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Target Physics Issues:
DPSSLs and Increasing Wavelength

Target Physics Issues:
DPSSLs and Increasing Wavelength
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2D R-T Growth: There is Less Ablation Velocity
Stabilization at Longer Wavelengths
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Shell Breakup at Late Time is Probably Acceptable
for DPSSL @ 2ωωωω; Imprint Must be Addressed

Shell Breakup at Late Time is Probably Acceptable
for DPSSL @ 2ωωωω; Imprint Must be Addressed



10/27/04. 9

Laser Plasma Instabilities are a Concern
at Longer Wavelength

Laser Plasma Instabilities are a Concern
at Longer Wavelength

ν Stimulated Raman Scattering (SRS)

Ithreshold ~ 40 / (Lρρρρλλλλ)

ν Stimulated Brillouin Scattering (SBS)

Ithreshold ~ 1.7Te(nc/n) / (Lvλλλλ)

ν Two-Plasmon Decay (TPD)

Ithreshold ~ 0.54Te / (Lρρρρλλλλ)

ν These cause:
– Suprathermal electrons that preheat fuel (SRS, TPD)
– Reduced efficiency due to scattered light (SRS, SBS)
– Filamentation resulting in intensity peaking ⇒⇒⇒⇒ instabilities (all)
– Net result is Ithreshold ~ 1 / λλλλ1.7 so factor of ~2 lower for 3ωωωω    →→→→ 2ωωωω
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The Laser System Gets Harder at Higher FrequencyThe Laser System Gets Harder at Higher Frequency

2ωωωω
conversion

3ωωωω or 4ωωωω 
conversion

beam transport

1ωωωω laser

final focusPwall-plug

1 ωωωω 100%
2 ωωωω ~90%
3 ωωωω ~80%
4 ωωωω ≤≤≤≤80%

2 ωωωω ~15 J/cm2

3 ωωωω ~5 J/cm2

Damage Growth Threshold

Freq. Conversion Efficiency

NB: For ideal square
pulse but these constitute
our pulse shape!
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We Are Investigating the Construction of a Drive
Pulse Using “Port Bundles”

We Are Investigating the Construction of a Drive
Pulse Using “Port Bundles”
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Imprint Smoothing Imposes a Limit on the Product
of Illumination Sold Angle and Laser Bandwidth

Imprint Smoothing Imposes a Limit on the Product
of Illumination Sold Angle and Laser Bandwidth



10/27/04. 13

Solid Angle Fraction Needed to Achieve 0.5% σσσσrms

Between l=0 and Max l-Mode that Impacts Imprint
Solid Angle Fraction Needed to Achieve 0.5% σσσσrms
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Because Target is Most Susceptible to Imprint at Early
Times, Picket Requires Largest Port Bundle Area

Because Target is Most Susceptible to Imprint at Early
Times, Picket Requires Largest Port Bundle Area
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Pulse Construction from Port Bundles Uses Only
Rectangular Pulses (→→→→ High Harmonic Conv. Efficiency)
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Preliminary Comparison Shows that COE
with 2ωωωω is About Same as with 3ωωωω

Preliminary Comparison Shows that COE
with 2ωωωω is About Same as with 3ωωωω

ν Net power = 1000 MWe

ν Sombrero cost scaling for

   power plant

ν Linear cost scaling for laser
   ( = $500/J, Orth study)

ν No cost penalty for 3ωωωω optics

ν Laser efficiencies:
9.5% for 2ωωωω
8.4% for 3ωωωω
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A Whiter Shade of Green (Pale)A Whiter Shade of Green (Pale)

http://www.JukeboxHeroes.com




