Fast-electron heating is observed in OMEGA
fast-ignition integrated experiments
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Shock ignition uses a late, strong shock to ignite
the central hot spot of an imploded shell

FSE) CLE

Polar Drive is used to compress the target, but at a lower velocity
than required for central ignition
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The late spike in laser power drives a ~400-Mb shock. Upon convergence, the shock
pressure reaches ~5 Gb (at the collision time), and achieves ignition temperatures.

R. Betti et al., Phys. Rev. Lett. 98, 155001 (2007).
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Initial shock-ignition research on OMEGA
IS encouraging
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The neutron yield increases
considerably when a shock is
launched at the end of the pulse.
PR increases by ~50%.
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Shock ignition as a path to IFE has generated
considerable interest in the ICF community
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Shock Ignition of Thermonuclear Fuel with High Areal Density

R. Betti,'? C.D. Zhou,' K.S. Anderson,' L.J. Perkins,> W. Theobald,' and A.A. Solodov'
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A novel method by C. Zhou and R. Betti [Bull. Am. Phys. Soc. 50, 140 (2005)] to assemble and ignite
thermonuclear fuel is presented. Massive cryogenic shells are first imploded by direct laser light with a
low implosion velocity and on a low adiabat leading to fuel assemblies with large areal densities. The
assembled fuel is ignited from a central hot spot heated by the collision of a spherically convergent ignitor
shock and the return shock. The resulting fuel assembly features a hot-spot pressure greater than the
surrounding dense fuel pressure. Such a nonisobaric assembly requires a lower energy threshold for
ignition than the conventional isobaric one. The ignitor shock can be launched by a spike in the laser
power or by particle beams. The thermonuclear gain can be significantly larger than in conventional
isobaric ignition for equal driver energy.

DOI: 10.1103/PhysRevLett.98.155001 PACS numbers: 52.57.—z
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Shock Ignition: A New Approach to High Gain Inertial Confinement Fusion
on the National Ignition Facility

L.J. Perkins,' R. Betti,” K.N. LaFortune,' and W.H. Williams'

'Lawrence Livermore National Laboratory, Livermore California 94550, USA
2Labm‘atnry for Laser Energetics, University of Rochester, Rochester New York 14623, USA
(Received 12 March 2009; published 23 July 2009)

Shock ignition, an alternative concept for igniting thermonuclear fuel, is explored as a new approach to
high gain, inertial confinement fusion targets for the National Ignition Facility (NIF). Results indicate
thermonuclear yields of ~120-250 MJ may be possible with laser drive energies of 1-1.6 MJ, while gains
of ~50 may still be achievable at only ~0:2 MJ drive energy. The scaling of NIF energy gain with laser
energy is found to be G ~ 126E MJI¥!. This offers the potential for high-gain targets that may lead to
smaller, more economic fusion power reactors and a cheaper fusion energy development path.

DOI: 10.1103/PhysRevLett.103.045004 PACS numbers: 52.57.—z, 28.52.Cx

In inertial confinement fusion (ICF), a driver—i.e., a economic fusion power reactors and a cheaper fusion

In direct-drive inertial confinement fusion [1,2] (ICF), a
shell of cryogenic deuterium and tritium (DT) thermonu-
clear fuel is accelerated inward by direct laser irradiation.
As the shell stagnates, the compressed fuel is ignited from
a low-density central hot spot surrounded by an ultradense
shell. For ignition to occur, the alpha particle heating of the
hot spot must exceed all the energy losses including ex-
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where V, is the implosion velocity in cm=s and the laser
intensity | 15 is in units of 10'> W=cm?. In deriving Eq. (2),
it is assumed that ignition has taken place and the burn
wave has propagated through the dense core. Notice that

laser, heavy-ion beam or pulse power—delivers an intense
energy pulse to a target containing around a milligram of
deuterium-tritium (DT) fusion fuel. The fuel is rapidly
compressed to high densities and temperatures sufficient
for thermonuclear fusion to commence. The goal of present
ICF research is to obtain ignition and fusion energy gain
from a DT target [1]. Complete burning of a 50:50 mix of
DT fuel through the fusion reaction *HO’H!

energy development path. The purpose of this Letter is to
explore the scaling of fusion yield and energy gain for
candidate shock-ignited target designs.

A typical ICF laser target consists of a spherical shell of
cryogenic solid DT fuel surrounded by an outer ablator of
mass comparable to that of the fuel. Driver energy is
rapidly coupled to the ablator—either directly in the
form of symmetrical laser beams or indirectly from
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Summary/Conclusions

Directly-driven ignition designs and IFE designs
for the NIF are being validated by high-compression

cryogenic experiments on OMEGA
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* Target designs are modified and updated based on OMEGA experiments
— simulations use both DRACO (2-D) and HYDRA (3-D)
» Detailed modeling of laser—target coupling and heat transport are
essential for simulating high-compression experiments on OMEGA
— experiments are being designed to examine laser—plasma
interactions for anticipated NIF conditions
 Low compression Polar Drive (PD) experiments on OMEGA and the NIF
are well described by computer simulation
— high-compression PD experiments are in progress

* The technology for implementing PD on the NIF is being developed
at LLE
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