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Intense Laser Physics

| nstitut L aser et Plasmas (1L P)

Inertial Fusion for energy
Advanced concept for fusion

Physicsin extreme conditions

Opening of large L aser facilities

§ LIL,LMJ
8 LULI2000, Alisé, PALS, ...

I LP \\u
Recherche A\
Lasers

fusion plasmas diagnostics

Numerical Modelling
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Intense Laser Physics

dapnia Inertial Fusion for energy
g=) Laboratory Astrophysics
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Physics of warm dense matter

Particles acceleration

EOS and Opacities
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La ligne d’Intégration Laser (LIL)

The LIL is the prototype of the LMJ

It has 4 beams (soon 8).

Batiment LIL
Dalle sur 108 pieux de 22 m et 95 cm
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Le batiment LIL c’est :

- 8500 m? de surface au sol
- 150 m de long
- 70m de large

- Salle d’expérience 500 m?
20 m de haut

- Chambre d’expérience :
sphere 4,5 m
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Physics on the LIL has started

Hall laser

First experiments have started in 2005
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The laser mégajoule (LMJ)

240 laser beam,

dapnia 1.8 MJ on target at A ., = 351 nm
&0
saclay 10 000 optiques 66 tonnes de verre 240 faisceaux laser

10 000 moteurs 10 000 m? de traitement 440 MJ électriques stockés
_2000 caméras

e i e e e = - i vy
L o et -
3 . X

——

Début du chantier avril 2003
Mise en service 2010
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The Laser Mégajoule (LMJ)

batiment : 300 x 150 m?
4 halls laser
240 faisceaux 40x40 cm? en 60 quads

hall d'expériences :
h40m-® 60 m

Salle d'expérience
O ~60mH~ 40
m

600 tirs / an
dont 20 avec fusion
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M icro-physics Studies :

80pacities
SEOS

§ Transport Coefficients, ...

erience

« Dynamical » studies:

The objective is to scale down flows of interest
to reproduce them 1n a laboratory experiment.

8 Radiative shocks
8§ Hydrodynamical Instabilities
8 Jets, ...

Observation
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The codes developped at ILP address

SEOS
* Hydrodynamics 8 Opacities
* Radiative Transport 8 Transport coefficients
e Conduction 8 Reaction rates

e Transport by particules

« Combustion physics

The objectives are :

» Target design
* Interpretation of experiments

» Theoritical studies

ICAMDATA — 17 October 2006 10
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A 1 G€ project requires a predictive design code.

The simulations tools must be validated against dedicated
experiments and theoritical benchmarks

These tools must be used by a large community which
should gain confidence in there predictiveness.

In order to achieve these goals the ILP promotes:

Code developments for the ILP community
Benchmark program for these code

Dedicated validation experiments.

ICAMDATA — October 17, 2006
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Radiation-hydrodynamics codes

CHIC
2D lagrangian (ALE), godunov type method
« multi-material hydro, non-local electron heat conduction, radiation transport
(multi-groups diffusion), 3D laser raytracing, combustion
e tabulated EOS and opacities.
» developped at CELIA
» code dedicated to target design

HERACLES
« 3D eulerian code, godunov type method
e hydro, heat conduction, radiation transport (grey moment model),
combustion
« tabulated EOS and opacities
» developped at SAp (CEA)
 code used both for astrophysics and laser experiment studies
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The CHIC code (CELIA)

THERMONUCLEAR
BURN

2D LAGRANGIAN

HYDRODYNAMICS
Ti, Te fluid model

4 2D ELECTRON TRANSPORT
Flux limited Spitzer Hirm

Non local Schurtz Nicolal model

LTE opacities

Steady state  Multi-group

N

yd

EOS
e~ : Thomas Fermi
Screened hydrogenic AA
lon : Cowan
Sesame tables

i

3D LASER RAYTRACING

Refraction and collisional absorption

[ Opacités }
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Physics of Inertial Confinement fusion (ICF)

Coronna
T>2keV, 10 2<n_ <102

laser Plasma Interaction

Critical Surface

Ablated plasma

Radiative and electronic
Transport

Ablation front
P> 100 Mb

hydrodynamicals instabilities

Hot spot
Nuclear burning
Transport
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the CHIC code

jon using

Cylindrical Implos

0
c
S
©

o

saclay

15

ICAMDATA — October 17, 2006



Opacities M easur ements

Laser
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e Test numerical codes and methods used to compute opacities

e Often hydrodynamics is needed to determine the density and
the temperature
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Transmission

Opacities M easur ements

1.0 3
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0.6 3
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12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 136

Wavelength [A]

Measurement of the spectral opacity of nickel on
the LULI laser

.

Validation of the DRECAM opacity code

Computation of Iron opacities after
validation of the code

i

Identification of two spectral lines in the
quasar IRAS 13349+2438

ICAMDATA — October 17, 2006

—7rir r r . r 1 . r T . T T Tt T T 1 T
IRAS 133495+2428 a8
fac)
XMM—Newton,/RGS e
-:Ir o -] =, "
-1 £ rom 5 EBRBE S8
- 5 085k E oppEw
= “  EBppg 7 oo o
w‘" E ; o oE EQ
1 a =l
g £ 8
[y
gL g e |
Q — uYw | —
g = B B
A, o I
fo] 1 1 1 1 1
10 15 20 25 ag 358
wavelength (&)
17




Radiative Shock experiment

dapnia

0

saclay
laser sond‘
A~532n

m
| =0.7m

Laser PALS
100-200 J
0.3 ns
3w~ 438nm

¢

Diagnostic:
streak
camera
pendant 50
ns
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Modelling of the experiment using HERACLES

Value/
Simulated transmission Color

30

Time (ns)
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Electron heat flow experiment on LIL

dapnia Test theoretical heat flow model with include non
maxwellian and magnetic fields effect

C@J Schurtz — Nicolai"(2000) Nicolai-Feugeas-Schurtz (2005)

saclay

v

V -5or-15pum
Ti -15o0r -30 um

v

Laserl
>

300 microns total thickness

<
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Time resolved spectra for 3 laser energies

Ternps (ns)

Temps {na)

13/ 12/ 2005

2000 A @ -5/-15 um,
7.2 kJ

Energie (u.a.)

Ternps (n=)

15 20

10
Energie (U.0.)

16/ 12/ 2005

2000 A @ -5/-15 um,
10 kJ

21/ 12/ 2005

2000 A @ -5/-15 pm,
4.1 kJ
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2D CHIC simulations

128

126

123

Radi?“on ~  Post processing of
transter m . .

along rays - 2D simulations
simulate X- o suggest a strong
ray | flux inhibition
diagnostics »

4000 5000 &000
Energie (eV)
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conclusions

dapnia

&0
=aa; < Non Local theory in itself fails. It has to be
combined with magnetic fields calculations.
In this case , the agreement with
measurements is startling. »
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The ODALISC Project
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Opacity Database for Astrophysics, Laboratory
astrophysics and Inertial fusion SCience

The objectives are to construct a shared spectral opacity database :
dedicated to radiation-hydrodynamics calculations

different opacity model available with the same interfac
shared between the co-working labs.

ICAMDATA — October 17, 2006 25
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People in ODALISC

8 CEA/DAPNIA : Edouard Audit, Jean-Paul Lefevre,Daniele Pomarede

dapnia Bruno Thooris
I 8 CEA/DRECAM : Thomas Blenski, Michel Poirier, Frederic Thais
saclay

8§ CEA/DAM/DPTA: Christophe Blancard, Philippe Cosse (see poster)
8 Observatoire de Paris (LUTH) : Frank Delahaye, Claude Zeippen

§ CELIA : Olivier Peyrusse, Guy Schurtz
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