Determination of Hot-Electron Conversion Efficiencies
and Isochoric Heating of Low-Mass Targets Irradiated
by the Multi-Terawatt Laser

UR
LLE

T T T T 1 2 —l—rrn111|—|—rrn111|—|—rrn111|—|—rrn111|—|—rrn111|—|—rrn1m

>
o 1.0 | -
GC, 103 |- Refluxing =
I pow] g
3 0 L R R -
= [ l H [ 10% A E
s |1 L™ 3 sl ]
p 1] g -
o 104 L '[ I l - S"
() C ! . 3 04 —
& ] l ]
= [ i
= i o] 0.2 - -
I9 - l No refluxing 190 A‘

10—5 EEETIT AT B SN R TTTT BT | 0.0 IR T BTSRRI B AR AT AR RTITT MW RTTTT SRR TTT |

1016 1017 1018 1019 1020 10-7 106 105 104 10-3 102 101
Intensity (W/cm?2) Volume (mm3)

J. Myatt, P. Nilson, W. Theobald, C. Stoeckl, 37th Annual Anomalous
M. Storm, A. V. Maximov, and R. W. Short Absorption Conference
University of Rochester Maui, HI

Laboratory for Laser Energetics 27-31 August 2007



Summary

Isochoric heating of low-mass foils to a few hundred
eV has been observed in LLE’s MTW laser system1,

consistent with 20% of laser energy into MeV electrons
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* Measurements of the absolute K,-photon yield and the ratio
of Kg-to-K, yields have been made for >100 target shots

* Both a semi-analytic model and implicit-hybrid PIC calculations
(LSP*) agree with the observed absolute K, yields for hot-electron
conversion efficiencies of between 20% + 10%.

* Ratio of Kg to K signal is compared with LSP calculations
of fast heating by MeV electrons

e Also consistent with 20% + 10% conversion efficiency for a wide
range of target volumes

*D. Welch et al., Nucl. Inst. Methods Res. A 464, 134 (2001).
TC7763 1P, Nilson et al., in preparation.



The measurements of K-shell emission performed on

the MTW were scaled from earlier RAL experiments’l‘_l -
LLE

e Laser ~5Jin 700 fs

e Laser intensities of 1017</<101° W/cm?2

* A range of target volumes: 106<V<10-1 mm3
e Solid copper targets
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Low-mass targets have some remarkable
properties that simplify the modeling
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The majority of hot electrons stop in the target due
to space-charge (refluxing)

Secondary radiation production is simple to compute
(as in infinite medium)

Efficient K, Kg radiators
Transparent to K-shell x-rays
Access high temperatures at solid density

Good testbed for hot-electron conversion
and volumetric heating

Can be used to benchmark codes — LSP can model
the whole target in 3-D (implicit-hybrid mode)



Absolute K, yields on MTW are consistent
with the fast-electron refluxing modell and constant
conversion efficiencies of between 10% to 30%
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* Exponential hot electron
spectrum with temperature
given by ponderomotive
scaling

* K, production is essentially
computed as in an infinite
medium

Cu target: (500x500x20) um
Laser:1J,1 ps

1J. Myatt et al., Phys. Plasmas, 14, 056301 (2007);
W.Theobald et al., Phys. Plasmas 13, 043102 (2006).



The theoretical K, yield relies on knowing the hot-
electron range, the energy dependence of the K-shell
ionization cross section and the fluorescence probability
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For target volumes smaller than 10-> mm3

temperatures of several hundred eV are predicted -
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* Hot electron heat target Bulk temperature of target
on the ps-time scale, 2500
before bulk hydrodynamic
motion

___ 2000
* Figure shows back-of-

envelope estimation
assuming T-F EOS
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e Similar temperatures
to RAL experiments
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Heating of the target leads to a reduction in Kﬁ/Ka ratio
that can be used to gauge the energy in the fast electrons
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Taking into account temporal and spatial
depedence, LSP is used to predict the effect

of target heating on the Kg-to-K line ratio .
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e Hot electron source is prescribed Predicted target heating

with varying energy 10 J 30J
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* Assuming Thomas—Fermi model

e Smallest volume V~10—> mm3 50
targets are predicted to reach
a few hundred eV
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Experimentally, three regimes of behavior
are observed in the K, and Kg emission that

are broadly consistent with the simple estimates
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* Ko, Kg independent of volume
* Ky constant, Kg deceasing

* Both K, and Kg decreased



A comparison of the Kg/K, ratio with LSP predictions

leads to hot-electron conversion efficiencies that are in

line with those obtained by fitting the absolute K, yield
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Summary/Conclusions

Isochoric heating of low-mass foils to a few hundred
eV has been observed in LLE’s MTW laser system1,

consistent with 20% of laser energy into MeV electrons
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* Measurements of the absolute K,-photon yield and the ratio
of Kg-to-K, yields have been made for >100 target shots

* Both a semi-analytic model and implicit-hybrid PIC calculations
(LSP*) agree with the observed absolute K, yields for hot-electron
conversion efficiencies of between 20% + 10%.

* Ratio of Kg to K signal is compared with LSP calculations
of fast heating by MeV electrons

e Also consistent with 20% + 10% conversion efficiency for a wide
range of target volumes

*D. Welch et al., Nucl. Inst. Methods Res. A 464, 134 (2001).
TC7763 1P, Nilson et al., in preparation.



