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= Ultimate goal & critical issues

= UCSD research team

= Experiments on the Titan laser

= Future experiments on NIF and JLF
= NIF/JLF as a user facility

= Summary
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Efficient deposition of
electron energy in region
of pR~0.6 g cm-? (a. range),
heating it to 5-10 keV

Efficient transport of hot
electron energy to fuel

Short pulse laser
aimed and timed to
implosion

Efficient conversion:
Ejaser N “beam” of ~MeV
electrons aimed at
assembled fuel

‘ Coupling efficiency is one crucial parameters for fast ignition
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— Laser conversion to electrons

— Energy spectrum of electrons

— Angular distribution of electrons

— Transport from cone tip to the core

A number of experiments have been performed on the Titan laser of the
Jupiter Laser Facility to address these issues.
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= Titan laser parameters are monitored every shot
- energy b
- intensity distribution in the laser spot
- pulse length
- contrast

= Short Pulse Laser
- Energy ~ 150 J

Pulse length ~ 0.4 — 10 ps

Spot size ~ 8 um

A~ 1.054 um
Intensity ~ 102° W/cm? M

= Long Pulse Laser

Photodiode Signal (mV)

11 mJ
- Pulse energy ~1kJ, 1 o, 3ns prepulse Il saturated main pulse
~ 350 J, 2w, 3ns s S s S S
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Al cone of wall
thickness
varying from 12 4 £

40 um

Cu wire

_ 40 um Cu wire serves as a
= surrogate for the imploded core

* Wire geometry allows to extract information about forward going
electrons for close examination.

o Laser prepulse and cone wall thickness were varied to study coupling
Into the wire.
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Integrated Absolute Ka Yields as Recorded by the HOPG as a Titan Laser
Function of Prepulse 150J, O_7ps
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- 3.5 from 12 um wall to 160 um wall cone,
- 3 from intrinsic to 400 mJ prepulse

It is important to know the tolerable level of prepulse for integrated experiments.
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C.D. Chen, Phys. Plasmas 16, 082705 (2009)
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* First in situ measurement of bremsstrahlung and vacuum hot electrons.
* Hot electron temperature is lower than predicted by ponderomotive scaling.
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Ti X-ray radiography provides information on the shock SP with 5 ns delay
propagation and compression of CRF foam p—

IP detector
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Foam package target:
0.1Al/25CH/5Cu/138CRF/3.9Au

A large Ka emission spot is observed only for transport in fully
or nearly fully shocked dense CRF foam plasmas
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ARC beam
pick-off box

\ / NIF
500 kJ NIF beams
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= Pravesh Patel’s project team to measure & optimize coupling efficiency of an 10 kJ ignitor pulse to a
full-scale fuel assembly > to determine laser, physics, and target requirements for high gain Fl
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 Relevant parameter range with NIF 11072
— Cone tip conditions: 1-20g/cc, 1-
20eV - shocked cone tip
— Entry to dense fuel: CD or DT at 1-
100g/cc and 50-200 eV

Current Experiments
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* NIF can create conditions of the matter that have not been possible before
for electron transport studies.
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Following issues will be tested on the Titan
laser and then culminated on NIF-ARC .y

- Tolerable prepulse

Survivability of cone tip

Effect of environment around cone on coupling

Cone tip material for better coupling
Cone tip width to reduce divergence

= o}

Al

Cone made of
different Z materials
(4w, Al Diamond)

ns fong pulse

A 25 30 (pm)

Plasma Front Al layer thickness X 10, 50, 100 yim
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= Two long pulse lasers with energy in kJ range (A ~ 532 nm)
- to tailor plasma to a desired density and temperature

= Two short pulse high intensity lasers
- one short pulse laser at 2w
- second short pulse laser to produce particles for probing

= Rep. rate high energy/intensity laser
- to study variance

Laser diaghostics
- Detalls of laser parameters are crucial to understanding of
target physics
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Liaison office to deal with administrative issues

Technical contact to deal with the target area issues

Web page for users with protected data archive

Relaxed computer use policy (for diagnostics and lasers)

Long term funding plan for facilities

User group
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= Significant understanding has been made about the electron
source and transport using JLF.

= More experiments are needed on JLF

= NIF and NIF-ARC provide a great opportunity of physics study
In unexplored regime.
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FAST ELECTRON TRANSPORT IN FOIL TARGETS WITH A PRE-PLASMA
CREATED BY A LONG PULSE LASER

NUMERICAL MODELING OF PRE-FORMED PLASMA PRODUCED BY LONG
PULSE LASER IN FOIL TARGET AND IT"S EFFECT ON FAST ELECTRON
TRANSPORT

STUDY OF RESISTIVE AND COLLISIONAL STOPPING OF FAST ELECTRONS
RELEVANT TO FAST IGNITION

INVESTIGATION OF RESISTIVE EFFECTS IN FAST ELECTRON TRANSPORT IN
SOLID DENSE PLASMAS

TEMPERATURE MEASUREMENT OF A THIN FOIL HEATED WITH AN
INTENSE PROTON BEAM

STUDY OF FAST ELECTRON GENERATION AND TRANSPORT IN SOLID
TARGETS RELEVANT TO FAST IGNITION

PROTON FOCUSING FROM HEMISPHERICAL TARGETS

INVESTIGATION OF FAST ELECTRON TRANSPORT IN SOLID AND
SHOCK HEATED TARGETS

FAST ELECTRON TEMPERATURE AND CONVERSION EFFICIENCY SCALING IN
SOLID TARGETS IRRADIATED BY SHORT-PULSE LASERS

LASER TO FAST ELECTRON CONVERSION EFFICIENCY SCALING WITH
PREPULSE IN CONE TARGETS
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