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Summary

OMEGA EP experiments have demonstrated
a minimum 20% conversion efficiency of short-pulse

laser energy into fast electrons
FS€ L

LLE

* The energy-conversion efficiency 7 _, ¢ into fast electrons
is important for fast ignition and various HEDP applications

 Comparison of K, yields from solid targets to a K,
production model infers 17| _, o = 20+10%

* Electron-energy deposition in small-mass solid targets is
consistent with numerical target-heating calculations for
NL-e = 20+10% over a wide range of target volumes

1L - e is independent of the laser pulse
duration Tp < 10 ps at fixed laser intensity.
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Fast-electron recirculation in small-mass targets allows
access to high-energy-density phenomena
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* Refluxing is caused by
Debye-sheath field effects1:2

e .
* Majority of fast electrons
> are stopped in the target

Debye sheaths
|E| ~1012V/m
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* Provides a simple geometry
for testing laser-coupling,
® electron-generation, and
target-heating models34

Fastest
electrons escape
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Survey experiments were performed on the
Multi-Terawatt (MTW) Laser Facility at LLE
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MTW laser facility: <10 J, <10 ps
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e Laser intensities 7 <2 x 1019 W/cm?2
e Copper targets
E16144b e Target volumes V > 20 x 20 x 2 ,llm3



The short-pulse laser-energy-conversion efficiency into
fast electrons is inferred from the total K, yield
FS€ CLE

2

* Energetic electrons create K-shell
vacancies (E; = 9 keV)

L
e K-shell emission comes from the
cold bulk material during the Ko Kg
fast-electron lifetime (8.05 keV) (8.91 keV)
K

Copper
energy levels
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Recirculation in small-mass targets allows a number
of simplifications in calculating K-photon production
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Target bulk-heating affects L—-K and M- K
electron transitions*

FS€E CLE
N T 1 lonization
M Depleted
e |nelastic electron—electron population
collisions heat the target L
e Collisional ionization with
thermal background plasma Ko Kg
occurs (=8.05 keV) (=8.91 keV)
* To > 100 eV causes significant
M-shell depletion K

* Target heating is inferred

from K'B/Ka Copper
energy levels

*J. Myatt et al., Phys. Plasmas 14, 056301 (2007).
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Spatial and temporal variations in heating
must be considered when calculating Kg/K,
FS€ CLE

e 3-D LSP* calculates target

heating PrismSPECT** calculates

ion-population distribution

1.0

e Fast-electron source is
prescribed with varying
energy

e Same target volumes and
interaction timescales are
modelled (no scaling)

e Assumes a Thomas—Fermi
model

e Calculates EM fields self-
consistently 0.0 | ,

* Emission probability 0 500 1000 1500
calculated using the local Temperature (eV)
temperature at the time
of emission
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*D. Welch et al., Nucl. Inst. Methods Res. A 464, 134 (2001).
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High bulk-electron temperatures in small-mass targets
Is inferred by K-photon spectroscopy
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A comparison of K'B/Ka to LSP calculations gives
NL-e = 20% consistent with the K,-yield measurements*
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* Provides a self-consistency
checkonn e

e Confirms that the
dominant physics are
correctly accounted for
in the simple refluxing
Ko-production model
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Solid density targets are heated to temperatures
greater than 200 eV with 5 J of laser energy.
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*P. M. Nilson et al., Phys. Rev. E 79, 016406 (2009).



Summary/Conclusions

OMEGA EP experiments have demonstrated
a minimum 20% conversion efficiency of short-pulse

laser energy into fast electrons
FS€ L

LLE

* The energy-conversion efficiency 7 _, ¢ into fast electrons
is important for fast ignition and various HEDP applications

 Comparison of K, yields from solid targets to a K,
production model infers 17| _, o = 20+10%

* Electron-energy deposition in small-mass solid targets is
consistent with numerical target-heating calculations for
NL-e = 20+10% over a wide range of target volumes

1L - e is independent of the laser pulse
duration Tp < 10 ps at fixed laser intensity.
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