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Laser Compression of Matter to Super-ngh
Densities: Thermonuclear (CTR)
Applications

JOHN NUCKOLLS, LOWELL WOOD,
ALBERT THIESSEN & GEORGE ZIMMERMAN

University of California Lawrence Livermore Laboratory Hydrogen may be compressed to more
than 10,000 times liquid density by an
implosion system energized by a high
energy laser. This scheme makes pos-
sible efficient thermonuclear burn of
small pellets of heavy hydrogen isotopes,
and makes feasible fusion power reac-
tors using practical lasers.
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Hydrodynamic Instability

Seif-consistent eigenvalue analysis of Rayleigh-Taylor instability
in an ablating plasma

H. Takabe,® L. Montierth, and R. L. Morse
Department of Nuclear and Energy Engineering, University of Arizona, Tucson, Arizona 85721

(Received 13 September 1982; accepted 8 April 1983)

A mathematical method for a fully self-consistent treatment of the Rayleigh-Taylor instability is
developed by solving the linearized fluid equations as an eigenvalue problem. The method is
applied to analyze the instability in stationary ablating plasmas with strong inhomogeneity. A
reduction of growth rate compared to the classical value is found. The importance of a self-
consistent treatment of the Rayleigh-Taylor instability is shown by comparing the result with the
growth rate estimated by approximate theoretical arguments.

*This work was done at University of Arizona, AZ, USA

*Supervisor: R. L. Morse
*Collaborator: L. Montierth
*Supported by P. McKenty

(November, 1981 — September, 1982)

H. Takabe et al, Physics of Fluids, 1983

Equation for Linear Perturbations

3 3
= P12 5 (Vo t poVi)] +poDy =0, )
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‘Seli-conslstent growth rate of the Rayleigh-Taylor instability in an ablatively
accelerating plasma
H. Takabe and K. Mima
Tnstiture of Laser Engineering, Usaka Universizy, Suita. Osaka 565, Japan
L. Montierth and R. L. Morse
Department af Nuclear and Energy Engincering, University of Avizona, Tucson, Avizong 85721
[Received 30 April 1954; dccepled 3 Seplember 1985) )
The linear stability of an ablating plasmais i igated as an eipenvalue problem by ing the
plasma to be at the stationary state. For various structures of the ablating plasma, the growth rate
is found to be expressed well in the form r= a\.rk_s —ﬂkvi, where e = D.9,B:3—4i and u, is the
tlow velocity across the ablation front, and is found to agree well with recent two-dimensional
sitnulations in a classical transport regime. Short length lasers induci I i mass
ablation arc suggested to be advantageous to stable implosion because of the ablative stabilization.

H. Takabe et al, Physics of Fluids, 1985
We Proposed Fitting Formula

Y=“\/E5’—.3k"a

ISI Citation Data: 177 until 2002
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‘é o.a‘— 5 .’rgés ": E:L l./—‘“/EI”J@ﬁu:%bi j-&-Cs _Iél_
ol P 1 BORERE—HLT=(1990%F) . €D
§ ol o 1 & TlTakabe formulaj&mfEhd,

- . Formula
1 | 1 1 1 1.0

-0.4 0.2 0.0 0.2 0.4 0.6 0.4 1.0
Theoratical rate (10'%/50c)

M. Tabak et al., Phys. Fluids B2 1007 (1990)

" Max Tabak A

0.8

Takabe Formula (1990~)  st—s—"a 5

J. H. Gardner et al., Phys. Fluids B3 1070 (1991)

ZMD1%. [Takabe formula| [EZEERICEVVTHBIE UL
CEDRRSEENTLL,

81 BERZDEEDEU. ETNHMRIISNI,

In-direct Drive (X-ray drive)
- B. Remington et al., Phys. Plasmas 2, 241 (1995)
- K. S. Budile et al., Phys. Rev. Lett. 76, 4536 (1996)

*Direct Drive
- K. Shigemori et al., Phys. Rev. Lett. 78, 250 (1997)
- H. Azechi et al., Phys. Plasmas 4, 4079 (1997)

26
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H. Azechi et al., Phys. Rev. Lett. 98, 045002 (2007). [EED AR 1D EFEHY

K. RKEADZHILDFAHENS MDA RE FF D,
S. E. Bodner, Phys. Rev. Lett. 33, 761 (1974).

LD-REE FZvFv - V7vyY, TiEHZE2] CGERKEF, 1971) Hi4E

[L+Ljy +2ky+k (u1 u2)+gk(1——1—]::0
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1/2
Y:k(uluz)
5 1/2
yz(k u1u2+ocAkg) - kuy, y=a\/7g—,8kr/%

4. FAXISZALE DEF X (19824F ~19904F)

* 1983412 A 8H (X-day).
« 19855 SN 15w #E 5 A El%k: (526[E])
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« 19865, HEFA —E—DIFK
« 19884, 100LA L DT —R% L. $EimEH 5D,
« 1998 F R4 FERER T — 2R im 3 (5| AEI%L: 19944)
c RIRBHEOARTEN BTN\ EDEEHA
« KERHIE T (DOEE ) [ Takabe formula] TE & (19904F)
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Diagram of the W87, a modern

ieei i thermonuclear weapon, Explosive
Fission [_ngger power: 300 kilatonnes,
Chemical ex [!FI:IS]UE!
Fast explosive Slow explosne

THpeTes i Beryllium Fusion device
J Plutonium-239  Uranium-238 or
) 235
Lithium deuteride
(fusion fuel)

Spherical
., shockeave
™ compresses
tere

Deuterium-tritium Foam
(DT) gas

ﬁ ’k% u 7K ’k% ( *? E % ) Explosive process: The compression of plutonium with a
7]N /( v~ chemical explosive above left) starts a fission explosion that, in

turn, is boosted by the fusion of DT gas. X-rays then compress the
fusion device causing a larger fission/fusion explosion.
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Atmosphere

formation (1) Compression (2) Ignition {3) Burn (4)

RKEDERFEOAFNEES (ENEEFIKREELY, EEA50%LLE)

DISCRETIONARY SPENDING FY 2013

Food & Agriculture : $13.37 billion (1.17%) ] Dear Obama:

Transporla.lion: $2'{.$ billion (2.38%) -—'_*1
Science. 525,45 bilon (2573 T ) Don't Rob My
Social Security.

Energy & Environment : $36.66 billion (3.2%) /\
International Affairs : $42.2 billion (3.68%) = ™

Health : £55.96 billion (4.88%) ~—

Veterans Benefits : £61.2 billion (5.34%) —-—-...;\

Housing & —
Community : $62.9 billion (5.48%)

T Military: $653.11 billion (56.94%)

~

Government : $564.05 billion (5.58%)

Education : £72.84 billion (6.35%) /

Here is your
Frickin' Problem!!
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FEAR

Department of Energy R&D

FY2001 FY2002 FY2003 FY 2002-03

2

A &

. g

\ 0 ctual estimate equest t =}

DODAY#950% , NIH,DOE,NASA _ coal i e

~ L > AE Biological and environmental research 514 570 504 -116 2

fd~ t o) E$‘ F%E] E % ﬁ % = l:l-l-—a_ Energy research analysis 1 1 1 25 g
=lRE N =1 A 4! Small business innovation research 93 ¢ 2 s

é t7%u 1’)\ J: 75\ 'Ea% F;a JE % ﬁ Total scitenc:c R&D programs 3033 3048 3059 0.4 5

YT - Energy supply R&D =

( * E [ii 5] 72" E —C % é ) Renewable energy resources 327 351 361 28 g

Nuclear energy 44 96 63 -34.3 ]

. . = Total energy supply R&D 372 447 424 5.1 g

Total R&D by Agency: FY 2003 Proposed Fossil energy R&D : 352 303 6 -17.3 o]

Energy conservation 470 464 413 -10.9 =

=

Atomic defense R&D
National Nuclear Security Administration (NINSA)
Weapons activities

T;I?hr-q.h__ h Stockpile R&D 263 357 467 30.8

Science campaigns# 231 260 238 8.7

Advanced simulation computing c TG 718 725 10

DOE _ High-energy density physics 238 266 235 ~11.4

7% National Ignition Facility 197 245 214 —12.6

Other construction 151 164 176 7.5

All other weapons R&D 603 775 863 11.5

Total weapons activities R&D 2429 2784 2919 4.8

Nonproliferation and verification 204 238 215 -9.6

hl‘g,?:‘/ Naval reactors 667 G665 683 26

Fissile materials deposition 29 16 9 -413

Total NNSA R&D 3330 3703 3826 33

Nuclear safeguards and security 24 25 21 -16.8

Environmental management 103 105 95 9.4

Intelligence 6 6 & 0.0

Total atomic defense R&D 3462 3839 3947 238

WHERE BUSH'S R&D MONEY WOULD GO. The FY 2003 Radioactive waste management + 60 64 5.7
Ludger request from President Bush echocs the FY 2002 Toiia

47

Dep

artment of Energy R&D Programs (contin

e e e e e e s e e L = i e e e e

CFY 2001 FY
actual est
(millions

National Nuclear Security Administration (NNSA)
Weapons activities
Stockpile B&D 263
Sclence campalgnsd 231
Advanced simulation computing 746
High-energy density physics 238
Mational Ignition Facility - 197

Other construction 151
All other weapons R&D 603
Total weapons activities R&D 2429
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Theory and Simulation
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¥ ] Primary Yield Secondary Yield

Safety/Security/Use Control...System Integration (Stockpile to Target)
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