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Goals of Direct-Drive fusion program for LMJ.

• Direct Drive fusion program for LMJ is developed to help / 
reinforce Indirect Drive Fusion program for the LMJ => 
studying basic fusion physics in a more simple scheme 
(without hohlraums).

• Direct-Drive fusion program for LMJ could interest 
international community for Inertial Fusion Energy (IFE) 
programs => HiPER project.  

• Direct-Drive fusion on LMJ is one component of the 
Simulation Program.

Direct-Drive Shock-Ignition is the most 
hopeful concept for fusion on LMJ.
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The full Laser MégaJoule is a hybrid Direct-Drive/Indirect-Drive 
facility.

- Fuel assembly should be done with cones at 49° & 59°
  (thanks to the 59°, above the Schmitt’s angle).

• Emax ~1.2 MJ
• Pmax= 400 TW

ϕ

θ

- Shock ignition should be done with the 33° cone.
• Emax= 0.6 MJ
• Pmax= 200 TW

33°2
49°
59°5

120°5
131°
146°8

LMJ appears to be a good candidate for Direct-Drive Shock 
Ignition.
LMJ appears to be a good candidate for Direct-Drive Shock 
Ignition.
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Strategy for Direct-Drive on LMJ focuses on four main axis.     

Basic designs
& concepts

2D/3D studies

Hydrodynamic stability
Non-Maxwellian effects
Parametric instabilities

Matter properties ...

Low mode asymmetries
Polar Direct Drive

2D target designs ...

Experiments
Matter property

Code validation by parts
Integrated experiments

Concept feasibilities

1D target designs
FCI physics

Shock Ignition
Dual targets ...

Basic Science
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Basic science concerns a large variety of topics.

V.  Recoules et al, Phys. Rev. Letter (2009).

QMD calc’s
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L. Caillabet et al, Phys. Rev. Letter (2010).

QMD calc’s



6

0

0,05

0 20 40 60 80 100

 ∆
D

/D
h

 ξ (%)

Elbaz D. et al, Shock Waves, submitted (2012)
Elbaz D. et al, Phys.Plasmas, (2010)
Piron R. et al, Eur.J Mech. B Fluid,  (2009)
Philippe F. et al, Laser&Part.Beams (2004)

Shock front
1 µm CH

DTgas

DT ice
Wetted foam

HERA calc’s

Basic science concerns a large variety of topics.
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Basic designs and concepts focus on Shock Ignition.
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B. Canaud et al, New J. Phys. (2010).
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2D/3D studies stay focus on LMJ geometry.

Canaud B et al, Laser & Part. Beams (2012).

Canaud B et al, Nucl. Fusion, (2007)    
Temporal M. et al, Eur. Phys. J. D (2009)
Temporal M. et al, Plasmas Phys. (2009)
Temporal M. et al, Plasmas Phys. (2010)
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Experiments cover the whole previous axis.
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Elbaz D. et al, Phys.Rev. E (2012)

Baton S. et al, Phys.Rev. Lett. (2012)

Canaud B. et al, PPCF (2007)

Exp’s 2D

Eabs (kJ) 13±2 14.2

Bang time (ns) 3,18±0.05 3,2

Burn time (ns) 0,34±0.02 0,18

Yn 6 109 1,25 1011

ρr (kg/m2) 0,7 ± 0.2 0,8

Ti (keV) 2,5 ± 0.3 1,9

Low adiabat Omega implosion of cryo D2 sphere

t

x

CH QuartzTi

1st shock
Break through

Coalescence of 
shocks

t (ns) Dshock t (ns) Dshock

1st choc 2,05±0,05 25 km/s 2,05 25 km/s

Coalescence 2,8±0,1 30 km/s 2,6 32 km/s
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Planar 
exp’s

Integrated exp’s Scaling laws: PDD

LULI SI @ 1ω Pulse shaping @ 3ω
∆ of contrast, delay, ...

ORION Preplasma: short pulse
2nd Shock: long @ 3ω

long pulse @ 3ω

OMEGA 2011, Cryo DT, RPP, 
FA+SI with 60 Beams. 

Ispike<1015 W/cm2

FA: Fuel Assembly
SI: Shock Ignition

During the previous DDFIW, a schedule of key issues was proposed.

Summary of the 9th DDFIW Direct-Drive Session (CEA-DIF)
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Our job is to support the achievement of ICF on LMJ.

That means that we have to

• propose DD experiments at each step of LMJ completion,

• support neutron diagnostic developments,  

• improve and validate our code and prediction capabilities.

⇒ This implies to carry on previous studies: 
basic science, target designs and concepts, 2D/3D studies and 
experimental plan.
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The LMJ could be used step by step. 

49°
33°2

146°8
131°

LMJ @ 40 quads
E = 1.2 MJ
P = 400 

TW

E = 0.6 MJ
P = 200 

TW

49°
33°2

146°8
131°

49°
33°2

146°8
131°

LMJ @ 20 quads

E = 1.8 MJ
P = 600 

TW
LMJ @ 60 quads

49°
33°2

146°8
131°

LMJ @ 10 quads
E = 0.3 MJ
P = 100 

TW

Energy

Power
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Basic science has still large number of field to be investigated.
(B. Canaud, M. Temporal, S. Laffite, & R. Ramis)
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Basic design and concepts must be investigated to optimize 
the thermonuclear gain. (R. Ramis, B. Canaud, M. Temporal, & S. Laffite)
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2D/3D studies are on going for the next years. 
(M. Temporal, S. Laffite, R. Ramis & B. Canaud)
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Experiments must be used to check/understand/validate each step 
of the Direct Drive program for LMJ. (S. Laffite, M. Temporal, R. Ramis & B. Canaud)
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A multifacilities / multiapproaches is necessary to prepare DD-SI on 
LMJ.

LIL

OMEGA

Matter property
Planar exp’s 
Validation of 

concepts
scaling laws

LULI
VULCAN

PALS

1 KJ 10 KJ 100 KJ 1 MJ

Fuel Assembly w PDD ORION

LMJ @ 20 quadsLMJ @ 20 quadsPDD + SI

Moderated gain
PDD + SI

High gain
 Direct Drive + SI

Full LMJ
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We have been collaborating with many people/Labs/Countries in a DD 
cloud for a decade ...     

CEA-DIF
(permanent)

CEA-DIF and Others
French Univ.

USAM. Temporal.
R. Ramis,

G. Wouchuk,
C. Huete,
J. Sanz.

P. McKenty,
C. Sangster,
J. Delettrez,

A. Velikovitch

Students

C. Meyer,
F. Philippe, R. Piron,

E. Tabakhoff, D. Elbaz,
Y. Levy, V. Brandon.

B. Canaud, S. Laffite, 
(X. Fortin, F. Garaude)

D. Riz, S. Jaouen,
 L. Caillabet, V. Recoules, M. 
Houry, L. Didier, O. Landoas, 

B. LeGarrec.

G. Jourdan, L. Houas,
M. Koenig, S. Baton.

Exp’sCalc’s

Calc
’s

Exp’s

Calc’s

Spain

... and we are determined to open collaborations with new labs/people.

S. Atzeni,
A. Schiavi.

Italy

Calc’s
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