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HIPER The baseline HIPER target

N and irradiation patttern
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HIPER . . .
Two alternative baseline designs
\ﬂ- are currently considered

e Cone-in-a-shell target + Electron Fast

Ignition
7

e Coneless target + hydrodynamic shock
ignition




HIPER These 2 designs match 2 main
g e goals of HIPER

e Single Shot
— Demonstrate fuel combustion with high gain

— Provide high radiation fluxes for reactor
studies

— Preferred candidate Is electron driven FI

* High repetion rate operation
— Target mass production and delivery
— Injection and tracking
— Debris expansion and fuel recycling
— Preferred candidate is shock ignition
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Alternative designs : lon
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HIPER Alternative designs : hole
g’ boring and proton FI

e See V. Tikhonchuk’s talk



HIPER

CELIA . Key points in electron Fl

e Conversion efficiency 20% assumed : leads to 70-
DT plasma, p= 300 glr® 100kJ of laser energy
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FIG. 4.0 Tgnition energy from fildl simidations {filled
svimbols ) and approximared expressions (dashed
curves ) The void circles vefer to simidations for mo-
noenergetic beams, neglecting scattering.

« Electron mean energy : ponderomotive scaling suggests

the use of 2w drive )%
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PICLS simulations show that the hot-electron
enerqgy is less than predicted by the
ponderomotive scaling
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continued

Electron fast ignition

* The required efficiency depends strongly
on beam divergence, scattering and
stability
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Figure 5. Electron beam
coupling efficiencies and
Mimum 1gnition energies
of the target shown mn Fig
4. Dashed lines correspond
to sunulations with self-
generated fields artificially
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2D hybrid calculations from J. Honrubia
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Plasma filling
from shock
breakout and
accidental
iIrradiation

ASE lenghtens
the density
gradient

Cone survival , plasma filling,
are major concerns

igh Z contaminants

Cone tip
crushes under

Au cone /| Compressed core 100 Mb
pressure

Sliding KH instability



HIPER

CELIA Shock Ignition

» Uses standard laser technology
— Typicall 180 TW, 500 ps spike
— Focuses energy on hot spot by means of a convergent shock

o Coneless target : same shell as Fl
* Low velocity, low adiabat fuel assembly
 Immune to RT growth at stagnation

 Might use a limited numer of dedicated ignition beams if
heat conduction behaves as predicted



HIPER Shock Igniting the
HIPER baseline Target ®©

s Pabs ¥~ spike power

Launching window

|Iso-energy

Shock launching time

250 ps confidence
interval at 80 TW

Launching time (ns)

180 kJ, 10 ns - 50 TW for
compression (3w)

+ 20 60 80 100 o a0
70-100 kJ, < 500 ps — 150-200 TW ASsersea spike power (10
for ignitor (3w) 20 MJ (TN) : G ~ 80

(2) Ribeyre el al : submitted to PPCF (2008)




HIPER Using dedicated tightly focused

= beam lines improves absorption

Conical irradiation
Ignition propagation
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HIPER  Shock production under a bipolar
drive relies on thermal
S transport in a quite unusual regime

End of ignition
pulse

Start of ignition pulse

Shock driven by a bipolar drive



HIPER Shock Ignition is relatively immune to
<CELIA, Raleigh Taylor growth at stagnation

|I=12 perturbated implosion
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Standard low velocity Shock : 70 kJ - 400 ps
compression: 180 kJ -10 ns E;n=20MJ Gain =80
(1) Hallo el al : PPCF (2008)
(2) Ribeyre el al : submitted PPCF (2008)
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HIPER Several plasma physics issues

T may show up

i

e Spike Intensity > 2.5-5x10%> W/cm? (3w),
In long plasmas (mm) : : e
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AIPER  bETAL will help in addressing

b key isues for HIPER

optimization of particle source in long PW pulses
Cone physics

Sliding, Kelvin Helmoltz growth and fuel
contamination

Ablator design and characterization
LPI in regimes representative of shock ignition

Heat transport experiments with direct
measurements of plasma fields

WE HOPE YOU CONTRIBUTE TO THESE
GOALS
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e THANK YOU !
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The HIPER target

CELIA
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compression laser pulse
« wavelength = 0.35m

e focussing optics /18

e energy = 132 kJ

R, =1.044 mm ~—~

R, =0.833 mm

DT vapour
(p, =0.1 mg fem?)

« absorbed energy = 90 kJ

130 kJ pulse
2.8 kJ picket
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ref: S. Atzeni, A. Schiavi and C. Belld?hys. Plasma<5, 14052702 (2007)




