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Energy transport in aluminum targets irradiated by a 263-nm laser
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5. MNakai, and C. Yamanaka®

Institute of Laser Engineering, Osaka University, Yamada-oka 2-6, Suita, Osaka 565, Japan

(Received 9 November 1987; accepted for publication S January 1988)

Emission from the rear side of 263-nm laser irradiated thin foil targets shows the temporal
profile of rear surface heating by several processes with different energy transport mechanisms.
Formation and decay of shock waves are observed by varving target thickness. Propagation of
a thermal conduction wave is clearly separated from the shock propagation.

The study of energy transport is of particular impor-
tance to laser fusion. The preheat should be minimal
(1%}, and the absorbed energy rate and following com-
pression must be as high as possible. Energy transport may
affect directly the level of preheat and the degree of compres-
sion. There are several target heating processes, such as
those due to thermal conduction, shock waves, x-ray radi-
ation and hot efectron.’ A short wavelength laser (A< 1 um)
is known to be advantageous for laser fusion because of its
high-energy absorption and low hot-electron generation.”
We ohserved rear side emission®™ of thin foil targets irra-
diated by 2 263-nm laser. By using this method® not only
shock wave propagation but also radiation heating and the
thermal conduction wave conld be observed.

En this jetter the growth and decay of shock waves are
observed and are compared with a model of the shock forma-
tion. Also observed is the ernission due to thermal conduc-
tion. We then discuss the processes of the energy transport.
Ome arm of the Gekko IV four beam glass laser system (o,
A = 1.0583 um) was quadrupled (4wy: A = 0.263 um) with
the use of two KDP (potassium dibydrogen phosphate)
crystals. The 4w, energy was around 1 J with a 400-ps pulse
full width at half-maximum. Using a quartz lens whose focal
length was 80 cm, a typical spot size was 100 ym in diameter
which contains 90% of the laser energy at §° of incident
angle. On target intensity was 2 few times 10" W/cm? Thin
aluminum foils were used for targets whose thickness ranged
from 0.7 t0 20 pm. Irradiating the front side of the target, the
absorbed laser energy is transported through the target via
several mechanisms, causing rear side emissions. Emissions
from the rear side were optically relayed onto a time streak
camera {8-20) slit by quartz lenses at an observation angle of
45° to the target normal. The time resolution was 30 ps. A
time fiducial was introduced into the streak camera by an
optical fiber which picked up a part of the incoming laser
iight. Using a tungsten lamp, the absolute sensitivity of this
streak camera was calibrated in 97y so that a blackbody tem-
perature could be assigned for the rear side emission.
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Temporally resolved emissions from the rear side of the
alminum foils are shown in Figs. 1(a)~1(e). These data
show absolute temperatures in the vertical axis, which were
obtained numerically with the assumption of blackbody ra-
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FIG. 1. Rear side emissions of aluminum foil targets: (a) 0.73 um, (b) 5.0
pm, (¢} 6.5 gem, (d) 8.0 um, (e) 20 um. The temperature (vertical axis)
was calculated from fitting to a blackbody emission. Calibration was per-
formed with 2 tungsten lamp. FRP means fast rise peak. SRP means slow
rise peak.
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diation, and comparing to the calibrated tungsten lamp mea-
surement. The time is shown in the horizontal axis. The time
zero is the laser peak which was obtained absolutely by the
optical fiber fiducial. In Fig. 1 (a), the emission shows a SRP
(slow rise peak: AT .. ~ 1 ns8) and its peak temperature cor-
responds 1o 3.8 Y. After the peak the emission decays slow-
ly. And it was also confirmed by a slow sweep streak camera
that no more peaks appezr afier the SRP. The emission his-
tory shows a change for targets thicker than 5 pm. The SRP
delays and decays, and a FRP {fast rise peak: 47, = 100~
200 ps) appears in front of the SRP. For a 6.5-um-thick
target the FRP grows and the SRP decays further. For a
target thicker than 8.0 gm [Figs. 1(d) and 1{e}], only the
FRP could be observed within the time frame of the streak
camera, and the SRP came niuch later in time, and the FRP
also decayed with target thickness. Separation between the
FRP and SRP was 7 ns, for example, for the 7 p#2m target. In
Fig. 2 {a) the temperature of the observed FRP and SKP is
ploited as a function of the thickness. The thicker the targets,
the lower the SRP temperatures become. The FRP tempera-
ture rises till 7 g thickness and then the FRP temperature
decays. From both figures the FREP and SEP appear (o be
caused by different processes.

Absorbed energies may be transported {rom the front
side of the target to the rear by several possivle processes:
direct heating by transmitted x rays, shock wave propaga-
tion, and thermal conduction. Heating by suprathermal
electrons, which usually resulis from nonlinear coupling of
faser and plasmas, is excluded since the coliisional absorp-
tion process is so dominant in 4w, laser plasmas.”

First we consider the heating by z rays. When a target is
irradiated by the 4w laser. the absorbed laser energy Is con-
veried to the x-ray energy with a relatively high conversion
efficiency.® And a part of this x-ray epergy 15 transported

:5.0%?
b= 1'05 (b} Thearetical curve
.55 % = Ez\
i é N | \\\
' Z
% e by
5 i 1 X
g 3 20
sk 5 10 15 24
2 H Thickness} jun !
Ey
&
A 1S
5.5 . -
(a) Experimental corve
A , .
£ 5 iy 15 20

Thickness | pm |

FIG. 2. (a) Temperature vs target thickness for SRP and FRP. Thers are
two types of peak: a stow rise peak {SRE) and a fast rise peak (FRF). The
FRP has a peak temperature at the thickness of 7 gm Al Theintensity of the
SRP decreases monotonically with target thickness, (b} Caleulated pres-
sure profile. We assume that a triangle temporal shape pressure is intro-
duced for this calculation. The value of the pressure is 1 Mb. The temporal
width is 400 ps at the half-maximum. The shock wave grows over some
distance and reaches maximum pressure at the depth of 3 gm and then de-
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through the target, snd is reabsorbed at the rear side of the
target (direct heating). The distribution of the x-ray depos-
ited energy may be determined by the absorption cross sec-
tion. The absorption distribution and the deposited energy is
expressed as’

dT}
To{xg) =——| Ax
I(’i Q dxix(,
—2 fﬁ‘ b Noxgye  V*E (hv)dhv, (1)
== — o INTGX )8 FAPS /4% Y,
T ’

where £, (4v} is the experimental x-ray emission spectrum,
& is the Boltzmann constant, Vis the density of the target, o
is the absorption cross section, x, is the depth of the target,
and T, (x,) is the deposited energy at thedepth x = x, of the
heated target. From this calculation the rear side could be
heated by direct x-ray heating up to a temperature as shown
in Tabic 1 which is too low compared 10 the cbserved rear
side termnperatures. Thus the observed rear side emission i
a0t caused by x-ray heating.

Next we consider the thermal conduction including the
ablation process. According to the rocket model the ablation
specd is expressed as™*

d ) ) lf(bn {Wr/cnzl] 3 173 '
—d, lem/s] = 110x 30 22202 A [pm] P
di [ ) 1014 j A fgem}
X - An——*;)— = fﬁx’ E:In/,S( (3)
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From this equation the gquasi-burnthrough time 75 can be
estimated. These burnithrough times agree with the SRP's
shownin Fig. 1, 8.73 gem aluminum is about 0.7 ns, for exan-
ple. So the SRP cmissions could well be caused by the ther-
ma! conduction driven by the ablation. And in a target
thicker than § pm the SKP velocity slows down, since the
front of thermal conduction Yoses its driving encrgy after the
faser pulse. Thus the SIPs obaerved for the target thickness
less ithan 5§ um are consistent with the emissions caused by
the ablation and thermal conduciion.

Ot of these possible mcchanisms of energy transport in
soiid foils, the x-ray heating and the mass ablation have been
discussed so far. The rest of this section is devoted to show
the FRP’s ave due to the shock heating. We fivst estimate the
shock amplitude and the arvival time in the Al target. The
shock wave front grows and decays when it propagaies. As-
suming the incident temporal shape of pressure s a triangu-

the shock front grows because the shock velocity
increases with its shock amplitude. The shock deca
pressed as’

TABLE L X-ray deposited energy in the aluminum target is calonlated us-
ing the exper:

mental X-ray emission dats and absorption cross section.

Targst thickness x, Deposited energy T

(e ) (eV)
(.73 1.60
5.0 5.0:107 7
6.5 LR 1077
8.4 TIx10 !
20 G210 ¢
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where Pis the pressure, 4 is the coefficient for the material,
7, is the incident laser pulse duration, P, is the maximum
pressure, C 1is the sound velocity, and # 1s the particle veloc-
ity. Figure 2 (b) shows a calculated curve of the shock front
pressure in an aluminum target using 2qg. (3). This shock
wave caleulation gives us a profile of the shock front forma-
tion and decay. The shock front grows with the target thick-
ness and reaches its maximum value of several Mb at 7 gem,
and then decays for the target thicker than that. From the
Hugoniot relation in a target the higher the shock amplitude
is, the faster the shock velocity is. Thus the amplitude of the
shock front increases with shock penetration. From our data
the shock front reaches its peak value at about 7 um depth.
For a thickness more than 7 gm the shock starts decaying,
since the rarefaction wave is usually much faster than the
speed of the shock and catches the shock front.'” Experimen-
ta! points are plotted as dots { 4 ) in Fig. 2 (a} and show a
good agreement with the theoretical curve. At the decaying
part, the model shows more gradual decay because a pure
one dimensionality is assumed, while a more three-dimen-
sional plasima expansion accelerates the rarefaction wave in
the experiment.

In conclusion, we have observed the formation and the
decay of a 4w laser induced shock wave in the aluminum foil
targets. The shock wave (FRP) had a peak value at the
depth of 7 em in the Alfoil targets at the irradiation intensity
of a few times 10" W/cm?. Also observed were the temporzl-
ly resolved emissions due to the transmission of the thermal
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conduction (SRP) in Al foil targets which was distinctively
separated from the shock front.

The authors greatly acknowledge invaluable comments
by Dr. T. Yabe. They also thank N. Dot and H. Nakano for
their technical assistance and the Target group for the target
fabrication.
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