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PW ignition pulse issues

Damage on gratings and optics

— Puts a lower limit on optics size
Pulse propagation reactor chamber
atmosphere

— Self-ionization creates increasing plasma
density

Brightness - require focus to ~30 ym dia
Timing - ignition window ~100 ps

Pointing placement - put ignition pulse
into 100 ygm dia core




A wide range of Laser Drivers
may contribute to FI Research

* Compression Drivers

— Motivation for short wave length (laser-plasma
coupling, hydro efficiency) not readily
applicable to FI

* Lower intensity possible with thin, hydro unstable
shells)

—>* 0.53um and perhaps 1.05um
 Ignitor Drivers

— Short pulse (~10’s of psec) C0, lasers for
1gnitor pulse coupling and energy transport
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mination of the need to form a hot spot and reduced symmetry require
Should allow compression with 2 (maybe 1 ?) drive



Fast Ignition requires two drive systems

Compression Driver to compress the fuel to 100-300 g/cm®
— ~1 MJ, 10 ns pulse
— Could be any of the previously described drivers

— Compression requirements are more relaxed - lower brightness, less
demanding uniformity

— Must allow access for ignitor laser

Jriver requirements somewhat relaxed for FI targets

Short pulse Ignitor Beam
— ~100 kJ, 20 ps pulse

— Only sufficiently bright candidate is high avg power laser with pulse
compression optics

— Long wavelength preferable - improves IA\?

mitor Beam pointing, timing, propagation into target
1amber are chalienges




Probability for damage increases dramatically at

shorter wavelengths
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\dvantages:

) Fabrication requires no etching step
|) Mature technology (up to 94cm)
Jisadvantages:

) Damage threshold

ERAL ATOMICS

94 cm Gold grating - LLNL

18

iaF Giodd

i} | 10 100
Pulse Duration
(psec)

M.IY. Perry, . Banks, M.D. Fei, H. Nguyen anc
L1A Materials Processing Handbook (1%



1st ignition separates fuel compression and ignition.
ibak et al. concept uses electrons to ignite the fuel I




Combining OMEGA'’s cryogenic target capabilities
with OMEGA EP’s short-pulse beams provides a

unique fast-ignition test bed

e

« Fast ignition is a route to higher gains on the NIF for improved
margin experiments.

+ Low-adiabat implosions will allow DT areal densities of 0.2 to 0.4 g/cm?
to be produced on OMEGA (this allows detailed spark plug physics

Predicted ion
temperature (keV)

experiments).
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awest Japanese PIC modeling suggests cone may also
yncentrate both optical and electron energy I

3 field due to electron flow Laser intensity

© 2 4 & 8 10 12 u}]
Intensity enhanced 20x

Electron current
concentrated K Mima et al

at tip of cone US Japan Fl Workshop 2
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Lots of laser engineering and work on beam Eumhiﬁfﬁﬁl'Lfi?ﬁé:ﬁ‘af
to be done

Fast Ignition offers the potential for BOTH

-> Promise of higher gain for less laser energy
and

-> Compression at 20 (maybe even 1w)

DOE provides no funds to industry for the development of
Petawatt laser technology
->Very different philosophy from DOD in technology development
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lectric Final Optics for ps HEPW pulses I
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Increased damage resistance of fused silica suggests moving away from
traditional gold coated gratings to multilayer dielectric (MLD) gratings
For fixed aperture, higher energy is obtained at increased pulse duration

Exact MLD performance will depend on electric field strength within the grating
structure. Present designs should provide ~3 J/em? at 20 ps



rgest dimension @ 0.5kJ 40 18 70 8
rgest dimension @ 2kJ 78 36 127 85 64
rgest dimension @ 4kJ 110 50 175 118 85

Assuming circular beams and ~50° grating incident angle
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Dielectrics have inherently higher
damage thresholds than metals

The interaction of the surface pha
custom multilayer provides much
freedom in the grating design

dielectric grating —

rry, etal, US Patent No 5907436  -> Higher performance gratings
etters., 20, 940 (1995)
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* higher than gold
* increase with
pulsewidth

The enabling technology for
petawatt systems are grating
can handle higher fluen

Belerence
M.D. Parry, et al, "Development of Pa!
Conference on Lasers and Electro-Op



’rotons and ions are accelerated in relativistic laser-solis
interactions by three principal mechanisms

T,~510xT,

= Surface Layer (e.g., CaF,)

IL. Front-surface charge separation
Static fimit: T,~ T,

Il. Target Normal §

E~10xT,

¥ Electrons psetrate la
form dense sheath on res
irradialed surface

¥ Strong electrosiatic she
ionzes surface By
(E ~ KT/ ed, ~ MViy

¥ Rapid {-ps) accelerat
expanding sheath produc
laminar ion baam




gh efficiency conversion of |laser to ion energy is achiew
by removing hydrogen contaminants from target

S50 pm W + 1 um CaF, Thompec Parsiih
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,er-lon acceleration should be explored in conjunction
1 Heavy lon Fusion program

ligh particle-current density
autral beam transport physics &
:if-heating at focus (FI & HIF)

rel lon Sources for
iction Accelerators?
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Heavy-lon Bea

w Driven Hohlrau

Proton-driven fast
Fuoth, Cowan, Koy of al PFRL 08, 438 (2001

High energy density beam-target interaction
physics (FI & HIF)

- beam-plasma transport

- collective stopping, ion energy deposition



>hort pulse duration produces small longitudinal emittanc
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- Rapid acceleration produces strong AE-At correlation
- Longitudinal phase space comparable to RF linacs

AE At < MeV-ps ~ keV-ns

- Energy- or time-bunching possible with post-acceleration
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Mercury is a 1/10 aperture diode-pumped
zas-cooled crystalline laser for IFE

W 100 J kJ-beamiet aperture (10x15
bility: > 10® shots ~
 length: 210 ns e
ency: 10 % Mercury laser
ate: 10 Hz (10% of aperture)
|quality: < 5x diff. limit i
bility: Scales to > kJ aperture con
Diode arrays i
* 3200 diodes
= 320 kW peak power for each amplifier
Similar laser parameters an
modularity assure that sub-
beamlines address physics
engineering issues of IRE

s
1 Yb*:S-FAP
in each gas-cooled
fier head



short pulse duration produces small longitudinal emittanc
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- Rapid acceleration produces strong AE-At correlation

- Longitudinal phase space comparable to RF linacs
AE At < MeV-ps ~ keV-ns

- Energy- or time-bunching possible with post-acceleration
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Mercury is a 1/10 aperture diode-pumped

sas-cooled crystalline laser for IFE I
By 100 J kJ-beamlet aperture (10x15 ¢
bility: > 108 shots
 length: 2-10 ns e )
ency: 10 % Mercury laser
ate: 10 Hz (10% of aperture)
| quality: < 5x diff. limit IRE
bility: Scales to > kJ aperture conc
Diode arrays
* 3200 diodes
* 320 kW peak power for each amplifier
Similar laser parameters anc
modularity assure that sub-s

beamlines address physics i
engineering issues of IRE

s
1 Yb**:S-FAP
in each gas-cooled
fier head



lew NNSA facilities will be available as phase A
roncludes and will support Phase B '

SNL Z Beamlet/ Z

HEPW at NIF Omega EP



