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Implementing zooming on OMEGA with an incoherent picket 
array will allow the mass of the shell and the adiabat to be 
increased while maintaining ignition-relevant conditions

E22157

•	 Crossed-beam	energy	transfer	(CBET) reduces the hydrodynamic 
efficiency by 35%, which reduces the 1-D yield by a factor of 7  
in OMEGA direct-drive implosions

•	 Reducing	the	diameter	of	the	laser	beams	after	a	sufficient	
conduction zone is generated (“zooming”), is predicted to reduce 
CBET while maintaining good low-mode uniformity

•	 Zooming	phase	plates	(ZPP) with an incoherent picket array (IPA) 
provides two-state focusing with enhanced beam smoothing

Summary

Implementing the proposed ZPP scheme on OMEGA 
will provide a more hydrodynamically stable implosion.
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CBET is spatially
limited near M ~ 1

Energy is transferred
between beams 
by ion-acoustic 
waves 
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CBET reduces the energy coupled  
to the fusion capsule

E19971d

CBET reduces the most hydrodynamically 
efficient portion on the incident laser beams.



On OMEGA, CBET reduces the implosion velocity by 30%, 
which reduces the 1-D yield by a factor of seven

E21315b

CBET modeling is required to match the experimental observables 
(scattered light, implosion velocity, and bang time).* 
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Experiments have demonstrated that CBET can be 
mitigated by reducing the radius of the laser beams 

E20145e

A 20% reduction in beam radius results in a 15% increase  
in laser absorption and a 17% increase in implosion velocity.

D. H. Froula et al., Phys. Rev. Lett. 108, 125003 (2012).
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The reduced-beam overlap results in nonuniformities 
on the imploding shell
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Reducing the diameter of the laser beams after a 
sufficient conduction zone is generated (“zooming”)  
is predicted to maintain good low-mode uniformity

rms deviation from round (v)
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Rb/Rt = 1.0 Rb/Rt = 0.7
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Reducing the diameter of the laser beams after a 
sufficient conduction zone is generated (“zooming”)  
is predicted to maintain good low-mode uniformity
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Rb/Rt = 1.0 Rb/Rt = 0.7
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Reducing the diameter of the laser beams after a 
sufficient conduction zone is generated (“zooming”)  
is predicted to maintain good low-mode uniformity
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Reducing the diameter of the laser beams after a 
sufficient conduction zone is generated (“zooming”)  
is predicted to maintain good low-mode uniformity
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Zooming can be implemented on OMEGA using a radially 
varying phase plate and a dynamic near-field

E22039

Main pulse

Picket pulse

ZPP

Dynamic near fie
ld

Using 15% less energy, this design is predicted to increase 
the implosion velocity by 25%, resulting in 5× more 1-D yield.



Zooming can be implemented on OMEGA using a radially 
varying phase plate and a dynamic near-field

E22039a

Main pulse

Picket pulse

ZPP

Dynamic near fie
ld

Using 15% less energy, this design is predicted to increase 
the implosion velocity by 25%, resulting in 5× more 1-D yield.



Zooming can be implemented on OMEGA using a radially 
varying phase plate and a dynamic near-field
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Using 15% less energy, this design is predicted to increase 
the implosion velocity by 25%, resulting in 5× more 1-D yield.



A ZPP design has a region of high-spatial-frequency 
phase to produce a large spot and a region of  
low-frequency phase to produce a small spot

E22158
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The smaller diameter laser beams used during  
the pickets in this design may increase the imprint  
power spectrum over the modes with the highest  
Rayleigh–Taylor growth rates
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Two-dimensional simulations, which include the analytic 
ZPP power spectrum, show that the increased imprint 
leads to a 40% reduction in the neutron yield
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To improve the power spectrum, the ZPP is being 
redesigned to reduce the energy over the modes  
that most significantly contribute to imprint

E22160

ZPP’s with an incoherent picket array provide two-state 
focusing with enhanced beam smoothing.

Continuous ZPP

Drive pulse (m0)

Picket-pulse
beamlets (m1,…mi)

ZPP
(two-state focus)

Distributed polarization
rotator (90° rotation)

T. J. Kessler, et al., to be submitted to Optics Letters



The incoherent picket array produces a notch 
in the power spectrum

E22161

The notch in the power spectrum can be tuned to the frequency 
of the most dominate Rayleigh–Taylor mode.
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Zooming will allow the mass of the shell and  
the adiabat to be increased while maintaining  
ignition-relevant conditions

E22229

Implementing zooming on OMEGA will provide a more 
robust implosion to hydrodynamic instabilities.
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Summary/Conclusions

Implementing the proposed ZPP scheme on OMEGA 
will provide a more hydrodynamically stable implosion.

Implementing zooming on OMEGA with an incoherent picket 
array will allow the mass of the shell and the adiabat to be 
increased while maintaining ignition-relevant conditions

•	 Crossed-beam	energy	transfer	(CBET) reduces the hydrodynamic 
efficiency by 35%, which reduces the 1-D yield by a factor of 7  
in OMEGA direct-drive implosions

•	 Reducing	the	diameter	of	the	laser	beams	after	a	sufficient	
conduction zone is generated (“zooming”), is predicted to reduce 
CBET while maintaining good low-mode uniformity

•	 Zooming	phase	plates	(ZPP) with an incoherent picket array (IPA) 
provides two-state focusing with enhanced beam smoothing


