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The National Direct-Drive Program
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Ignition hydro-equivalence 
on OMEGA

26 kJ

1.8 MJ

Verify laser–plasma interaction 
scaling at the National Ignition Facility



The National Direct-Drive Program will inform a decision on 
whether to reconfigure the NIF for spherical direct-drive

Summary
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• Establishing the science basis for direct drive is collaborative and  
(at present) does not require significant modification of the NIF

– laser direct drive (LDD) couples more energy into the hot 
spot [relative to laser indirect drive (LID)], relaxing the ignition 
requirements on the hot spot

• Direct-drive laser–plasma instabilities (CBET, TPD, and SRS) can be 
effectively studied at the MJ scale with experiments on the NIF

– additional distributed scattered-light diagnostics are being  
added to the NIF

• CBET mitigation using wavelength detuning (Dm) has been 
demonstrated on the NIF

• CBET mitigation using “zooming” has been demonstrated on OMEGA

• Polystyrene shells appear to be a promising candidate for high- 
performance implosions on OMEGA
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NIF: National Ignition Facility
CBET: cross-beam energy transfer
TPD: two-plasmon decay
SRS: stimulated Raman scattering



The National Direct-Drive Program has four components
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1. Hydro-equivalent implosions on OMEGA
– the 100-Gbar Campaign will identify knowledge gaps and demonstrate 

implosion “robustness”
– intermediate goal of 80 Gbar with reduced requirements
– focus on improving target quality and laser/diagnostics capabilities

2. Laser–plasma interaction (LPI) control, energy coupling, and imprint 
mitigation with MJ-scale plasmas on the NIF

– the MJ direct-drive campaign will address LPI understanding/control
 and mitigation strategies at the ignition scale
– polar direct drive on the NIF is now a platform, not an objective
– LLE is leading the national LPI initiative (with LLNL, LANL, NRL, and SNL)

3. Strategy for the conversion of the NIF to spherical direct drive (SDD)
– initial look at cost, schedule, and phasing in 2016
– LLNL and LLE collaboration

4. Robust target designs for a range of performance and applications
– engage design communities at LLNL, LANL and NRL
– hot-spot ignition
– shock ignition
– alpha heating and gain
– multiple shells
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Spherical illumination is now the baseline approach (lowest risk) 
for LDD ignition on the NIF.



The National Direct-Drive Program includes  
all of the ICF sites and the HEDP group at MIT
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LLE is the lead laboratory for laser direct drive.



Direct drive couples ~5× more energy into the fuel, 
reducing the implosion requirements and producing 
higher yields

I2388b
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• Hydro scaling of OMEGA experiments 
extrapolate to an a amplification of 
~2* and a yield of ~125 kJ

It is important to note that hot-spot 
pressures achieved with indirect 
drive far exceed what is needed for  
direct-drive ignition and gain.
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The data and simulations show where to apply resources; 
the payoff is the potential for a |scaled ~ 1 at an adiabat of 5
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*R. Betti et al., Phys. Rev. Lett. 114, 255003 (2015);
A. Bose et al., Phys. Rev. Lett. E 94, 011201(R) (2016).

**S. P. Regan et al., Phys. Rev. Lett. 117, 025001 (2016).
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The current layered implosion campaign is exploring “1-D physics”.
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NRL and LLE are collaborating
on CBET mitigation strategies

Face-on radiography (OMEGA EP) shows RT amplified imprint without Au layer.

Radiographs with a pre-expanded Au layer show no measureable imprint.

S
p

ac
e 

(n
m

)

CH target with Au layer

Au layer pre-expanded
by soft x-ray pulse

CH target with Au layer

Time

800-Å Au
coating

No high-Z
coating

Au layer pre-expanded
by soft x-ray pulse

0 –1

NRL is leading an investigation to understand 
and mitigate short-wavelength imprint in LDD
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RT: Rayleigh–Taylor



The primary limiting physics for LDD is CBET

E25871
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Reducing the light over the horizon (zooming) 
is an effective way to mitigate CBET (Rb/Rt < 1).
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Improved laser coupling was demonstrated by reducing 
Rb/Rt (larger out diameter shells from GA)
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*I. V. Igumenshchev et al., Phys. Plasmas 17, 122708 (2010);
D. H. Froula et al., Phys. Rev. Lett. 108, 125003 (2012);

**S. P. Regan et al., “Energy Coupling and Hot-Spot Pressure in Direct-Drive Layered
Deuterium-Tritium Implosions on OMEGA,” to be submitted to Physics of Plasmas.

A 61st beam for OMEGA is being developed 
to study the details of beam-to-beam CBET.



Wavelength detuning may be the most effective way  
to mitigate CBET (Rb/Rt = 1 at early time) 
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Three separate wavelengths could be mapped 
onto a target using the “three legs” of OMEGA



Recent NIF implosion experiments tested CBET 
mitigation using wavelength Dm across the equator

E25875
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This CBET mitigation strategy today can only be tested on the NIF.

Port-color arrangement Port-color repointing; after swap

Pump beam

Target
rc

Probe beam

Hemispheric
Dm0

• NIF currently supports Dm between inner 
and outer quads so equatorial Dm can only 
be achieved with beam repointing



The predicted mass accumulation in the radiographs 
at the equator indicates CBET mitigation as predicted
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The measured shell trajectory shows the predicted 
coupling improvement with Dm = !2.3 Å
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Mass injected into the hot spot in recent Ge-doped ablator- 
layered DT implosions is consistent with prediction*

Relative to non-doped implosions:
• Yield is lower by ~2×
• Absolute core emission is ~2× higher
•  Ti is significantly lower
• Bang time is ~50 ps earlier
• Core size is significantly larger
• Burn duration is longer

These new results (further)  
motivate improvements to  
the capsule surface quality!

* I. V. Igumenshchev et al., Phys. Plasmas 20, 082703 (2013).

Spectrum from the x-ray spectrometer (XRS)80559

S
p

ac
e

1 
m

m

Photon energy

Neutron yield

Shot 66613

N
eu

tr
o

n
-a

ve
ra

g
ed

 t
R

 (
m

g
/c

m
2 )

1012

102

103

1013 1014

4 ng
2 ng

1 ng 0.5 ng 1-D

Mass injected into hot spot
by mix

tR ~ Y1/4

Preliminary fit: 
0.6 ng of ablator
is mixed into the 
hot spot

9.8

0.0

0.2

0.4

0.6

0.8

10.0 10.2
Photon energy (keV)

In
te

n
si

ty
 (

J/
ke

V
/s

te
r)

10.4 10.6 10.8

Shot 80559
XRS1 calibrated

2.0 × 1024 cm–3 keV 
0.075 mg/cm3 564.5 ng



A new fill-tube-based cryogenic target insertion system 
is being developed for 100-Gbar experiments in 2020
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• Capsule surface cleanliness cannot be maintained 
with the current cryogenic permeation fill system

• CH shell dose (T b-decay) is estimated to approach 
200 Mrad (methane is recovered after the fill)

• Layers and non-CH ablators for LPI mitigation
 and hydro efficiency are not compatible
 with permeation filling

• The new fill-tube–based system is being developed 
with single-sided shroud retraction

 (NIF SDD requirement)

• New metrology methods for submicron-surface 
particulate is being developed with GA
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OMEGA target supported
by a 10-nm fill tube (GA)

The surface quality of recent
polystyrene shells may meet

specification for 100-Gbar implosions



In FY16, a working group developed an estimate of the effort 
and cost needed to reconfigure the NIF for spherical drive

E25879
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Indirect drive Spherical drive

The preliminary cost and 
schedule estimate was 
within the current operating 
envelope of the facility.

CAD models from the 
spherical direct-drive 

reconfiguration 
working group



In FY16, a working group developed an estimate of the effort 
and cost needed to reconfigure the NIF for spherical drive

E25879a
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Indirect drive Spherical drive

The preliminary cost and 
schedule estimate was 
within the current operating 
envelope of the facility.

CAD models from the 
spherical direct-drive 

reconfiguration 
working group
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Summary/Conclusions

The National Direct-Drive Program will inform a decision on 
whether to reconfigure the NIF for spherical direct-drive

• Establishing the science basis for direct drive is collaborative and  
(at present) does not require significant modification of the NIF

– laser direct drive (LDD) couples more energy into the hot 
spot [relative to laser indirect drive (LID)], relaxing the ignition 
requirements on the hot spot

• Direct-drive laser–plasma instabilities (CBET, TPD, and SRS) can be 
effectively studied at the MJ scale with experiments on the NIF

– additional distributed scattered-light diagnostics are being  
added to the NIF

• CBET mitigation using wavelength detuning (Dm) has been 
demonstrated on the NIF

• CBET mitigation using “zooming” has been demonstrated on OMEGA

• Polystyrene shells appear to be a promising candidate for high- 
performance implosions on OMEGA

NIF: National Ignition Facility
CBET: cross-beam energy transfer
TPD: two-plasmon decay
SRS: stimulated Raman scattering



The two HEDP laser systems at LLE provide  
~2100 shots per year for the Stockpile Stewardship 
Program and Fundamental Science

E19929z
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External users perform 60% of the experiments on these facilities.

OMEGA Laser Bay
Main
amplifiers

OMEGA EP
Laser Bay 

Compression
chamber

OMEGA EP
target
chamber

Booster
amplifiers

Beam 1 2 3 4

OMEGA target
chamber

• Faculty equivalent staff: 115
• Professional staff: 168
• Associated faculty: 22
• Contract professionals: 8
• Graduate and undergraduate  
 students: 129

• >200 diagnostics
• Combined long- and  
 short-pulse operation
• Symmetric compression

The LLE lasers provide 80% of 
the ICF/HEDP experiments for 
13% of the ICF program budget.


