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Experimental observation of hot electrons produced by
laser with small scale-length and shorter wavelength*
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Abstract

The experiments on gold-disk and hohlraum targets irradiated by laser beams

with wavelength of 0.35 pm (Xingguang-II) and 0.53 pm (Shenguang-I) are performed. The
characteristics of hot electrons and the SRS (stimulated Raman light scattering) produced
by shorter wavelength laser are experimentally studied. Associated with the measurement of
backward SRS, the production mechanism of hot electrons is preliminarily analyzed in laser

plasma with shorter wavelength.
Keywords
ulated Raman scattering

1 Introduction

Hot electrons have been taken seriously in
X-ray driven inertial fusion for a long time,
since they can make it more difficult to achieve
high-gain implosions through penetrating and
preheating the fusion fuel. Many experi-
ments have confirmed that hot electrons can
be reduced to an acceptable level by shorten-
ing laser wavelength to 0.26 and 0.35 pm[1~2l.
Since we use the shorter wavelength laser
beams from “Xingguang-II” (A = 0.35 um) and
“Shenguang-I” (A = 0.53 um) facilities, it is
able to study the characteristics of hot electrons
and stimulated Raman scattering (SRS), and
seek the methods to suppress them to a harm-
less level.

2 Experimental arrangement

The experiments were conducted on
“Shenguang-I” and “Xingguang-II” laser fa-
cilities.  The laser parameters were as fol-
lows: output laser energy Er=30~1307,
7=630~1000 ps, focal spot &, = 50 ~ 200 um
for A=0.351 pm; E;=100~200J, + = 800 ~
1000 ps, ®, = 100 ~ 300 gm for A = 0.53 um.
Targets used in the experiments were gold-disk
targets and Au hohlraum targets.

In our experiment, the  K-edge
spectrometer!®] is used for measuring low flu-
ence 10~88keV X-ray spectrum. The K-edge

Shorter wavelength laser, Gold-disk target, Hohlraum target, Hot electron, Stim-

channels use K-edge filters along a line of sight
to obtain higher sensitivity. The SRS energy is
measured by a laser energy meter. The time in-
tegrated spectra of SRS are measured by using
an optical multiple-channel analyser (OMA).
Time resolved spectrum of backward SRS is
measured by using an OSC (streak camera for
visible light).

3 Experimental results and analysis

In this report, we focus our attention
on the hot electrons with SRS behavior and
the hot electron production mechanism of Au
disk targets and hohlraum targets irradiated by
0.351xm and 0.53 um laser light, respectively.
Ty and T, the temperature of hot electrons and
thermal electrons are cormmonly deduced from
the slope of hard X-ray spectrum. We used an
iterative unfolding procedure that did not con-
strain the shape of the spectrum to evaluate the
X-ray spectra. Fig.l shows the measurement
results of the high-energy X-ray fluence versus
X-ray energy in Au disk target experiments un-
der normal conditions by using 0.35, 0.53 and
1.06pm laser light, respectively.

The results show that spectrum of hard X-
rays has two temperatures (T, = 0.9 ~ 1.5keV,
T = 6.5 ~15keV). The experimental results!4
also show that hot electron energy (FEp.) and

*The Project Supported by National Natural Science Foundation of China, and National High Technology

“863" Plan the 416 special subject
Manuscript received date: 1996-10-20


http://www.cqvip.com

92

NUCLEAR SCIENCE AND TECHNIQUES

Vol.8

SRS energy (Esrs) produced on Au disk ir-
radiated by 0.53um laser is less than that of
1.053 um laser about one and two orders of
magnitude, respectively, both T} and Te re-
duce about one half. T of Au disk is sim-
ilar to the results obtained by (I)})0-3~04,
Both Ehe and Eggrs of hohlraum reduce about
one order of magnitude. FEye and Esrs pro-
duced on Au disk irradiated by 0.35 um laser
is less than that of 1.053 um laser about two
and three orders of magnitude, respectively (see
Table 1); Ty and T. reduce about two thirds
and one half, respectively; Ehe of hohlraum re-
duces about two orders of magnitude. There-
fore, shorter wavelength laser can be used to
suppress SRS and hot electron efficiently. On
the basis of Ref.[5], reducing laser wavelength
may raise instability threshold and reduce in-
stability growth rate, so as to reduce hot elec-
tron production probability. On the other hand,
the shorter the laser wavelength is, the deeper
it goes 1n laser plasma and the greater plasma
scalelength of underdense becomes so that T,
reduces. Shown from experiment and theory
the T, decreases as the wavelength decreases,
so that the increase in electron-ion collision fre-
quency (v = 8.72x 10711 x neZ/T2'? xInA) sup-
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pressed instability growth rate efficiently. Be-
sides this, we find that when we add CgHs
(0.5 pm) foil in hohlraum target SRS enhances
six times obviously (see Fig.2a and Fig.2b). Be-
cause of CgHg foil (0.5 pm) is low-Z matter its
expanding velocity of the forming plasma is fast,
and then increases plasma scale-length L below
quarter-critical so that SRS increases. The re-
sults showed up that CgHg foil (0.5 um) is ad-
verse for suppressing SRS.
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Fig.1 The fluence of high cuergy X-ray vs X-ray
energy for gold disk targets
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Fig.2 Time-integrated spectra of backward SRS produced on hohraum target with CsHs foil (Fig.2a)
and without CsHs foil (Fig.2b) irradiated by 0.35um laser light

Table 1 Hot electron characteristics from gold disk target irradiated by different wavelength laser light

EL/J A/pum Eyx /uJ-sr—! Eye/mJ Ty, /keV Te /keV Laser setup
110 1.053 1040 3025 16.1 2.12 Shenguang I
86.1 0.351 6.02 30.2 7.1 1.6 Xingguang IT
121 1.053 637 1613 24.5 2.4 Xingguang IT

85 1.063 480 1373 16.1 2.02 Shenguang I
97 0.351 4.22 24.6 6.4 1.32 Xingguang II
119 0.351 11.2 60.4 8.16 1.52 Xingguang IT
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In “Shenguang-I” experiments, the total
energy FEh. and Esgrs of hot electrons and SRS
from hohlraum targets irradiated by 0.53 ym
laser light arc typically 390~585, 750~969 ml],
respectively, and the peak wavelength of SRS
light is typically Ap=0.78 um. On the basis
of the following energy-conservation, Mantey-
Rowe equation,

(1)
we can derive a better relation of total energy
for hot clectrons with total yield of SRS light.
In Eq.(1) wo, ws and wpe are frequency of in-
cident light wave, SRS scattering light wave
and langmuir, respectively. So we deduced that
SRS is the primary mechanism for producing
hot electrons in hohlraum targets (plasma scale
length L > 300 pum). Our experimental re-
sults show that the total energy FEsrs of SRS
is much less than the total energy Eyj. of hot
electrons (see Table 2) as Au disks are irra-
diated with 0.53 pm laser light at an inten-
sity range from 4.5x10* to 4.7 x 10!® W/cm?
that is much greater than threshold intensities
I = 1 ~ 2 x 10" W/cm? for driving two-
plasm= decay (TPD). So we deduce that TPD
and resonance absorption (RA) are probably
the primary mechanism for producing hot elec-
trons in Au disk targets (L < 100 pm) and next
SRS. But when L is between 100pm and 200um,
TPD is the primary mechanism for producing
hot electrons in Au disk targets and next SRS.

wo = Ws + Wpe

Table 2 The compaiison between Eye and Esgs
from gold-disk target irradiated with 0.53um light

I/W.cn™*  Ey./mF Esgrs/mJ off focus/um
4.7x10T° ~377 920 0
4.5x1014 ~91 0.81 300
5.8x 104 ~167 2.8 340

In “Xingguang-II” experiments, the total
energy FEy. of hot electrons from gold-disk and
hohlraum targets irradiated with 0.35 um are
typically 15~ 40 and 100~180mJ, respectively,

and the total energy Esrs are much less than
1.5mJ and 50mlJ, respectively. So we can de-
duce that SRS is not the primary mechanism for
producing hot electrons in hohlraum and gold-
disk targets from the relation between E}. and
Fsrs. In time-resolved spectra of SRS observed
by optics streak camera (sce Fig.3) there ex-
ists an intensive disconnection in gold-disk and
hohlraum targets, so we surmise that there ex-
ist another mechanisml® that is necessary to go
to a step further.
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Fig.3 Time-resolved pictures of SRS produced by
0.35 um laser light at 45° incidence in gold-disk
target
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