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1 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
2 Institute of Plasma Physics of the Czech Academy of Sciences, Prague, Czech Republic
3 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in

Prague, Czech Republic
4 Faculty of Electrical Engineering, Czech Technical University in Prague, Czech Republic

5 Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland

Abstract

Time evolution of plasma density modulations in case of thin foil metal targets was ob-

served during the irradiation with focused terawatt iodine PALS laser beam. These modula-

tions were simultaneously recorded using femtosecond interferometry in three time frames

and x-ray streak camera allowing to determine growth and decay rates of hydrodynamic

instabilities. These modulations were observed during the laser-plasma interaction, in par-

ticular several hundred picoseconds before its maximum intensity. Hot electron emission

characteristics were measured and analyzed using an angular array of electron spectrome-

ters. Weaker emission of hot electrons from the lead plasma was observed in comparison to

lower Z materials.

Introduction

The interaction of laser radiation with solid matter at intensities above 1015 Wcm−2

gives rise to ionization of matter, creating plasma on the surface of the target and leads

to production of accelerated particles and x-ray photons. [1] The laser produced plasma is

also a considerable source of electromagnetic pulses. [2] In this paper we present the results

of interferometric measurement of time evolution of laser produced plasmas on thin metal

foils (Pb, Zn). The thin metal foils were irradiated using high power iodine laser (1315 nm)

by energies between 400-600 Joules with pulse length of 400 ps, reaching intensities up to

3 ·1016 W · cm−2 in the focus. The femtosecond Titanium sapphire laser system is precisely

synchronized to the main iodine system to allow precise control of interferometric probe

beam timing. [3] These measurements were conducted as a part of the investigation of
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mechanisms of ion acceleration and electromagnetic pulse generation, where the spatio-

temporal ion emission and electromagnetic pulse characteristics were investigated. [4, 5]
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Figure 1: Outline of the experimentals setup, showing the positions and orientation of electron spectrom-
eters, as well as the 3-frame interferometric diagnostic system. X-ray streak camera is positioned from
the top.

The laser produced plasma electron density distribution was measured using the 3 frame

interferometer. The delay between the frames was 400 ps. [6] The electron density was

obtained using the inverse Abel transform algorithm based on fourier transform decompo-

sition. [7] To investigate the hot electron emission characteristics the multichannel angular

array of electron spectrometers was used. Seven spectrometers were placed in the front side

of the target and five were placed in the back side of the target. The energy range covered

by the spectrometers was from 50 keV to 1.5 MeV. [8]

(a) Streak camera image

0

200

400

600

800

0 1 2 3

L
o
g
. 
In

te
n
s
it
y
 [
-]

Time [ns]

Line 1

Line 2

(b) Lineout of the intensity in time.

Figure 2: Time evolution of x-ray emission of the laser produced plasma on the lead target (shot 53317).
The snapshots of interferometric images are denoted by the vertical white lines and lineouts are denoted
by horizontal lines.

Experimental results

Thin lead and zinc foils with a thickness of 6 µm and 2.5 µm, respectively, were used

as targets. Spatial distribution of electron plasma density was obtained using the interfer-

ometers. The spatial distributions of plasma on the front side of the target are shown in
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figure 3 for lead target (a-c) and zinc target (d-f). The temporal evolution of x-ray emission

for lead target is also shown in figure 2 where the horizontal axis shows a with denoted time

frames of interferometric images of electron density. The x-ray emission is imaged in direc-

tion along the laser axis, which is shown in vertical direction on the streaked image. Both

streak images and framed interferometric images show modulations along the laser axis.

These modulations were observed for other shots with thin lead foil targets with different

intensities.

(a) 69 ps (b) 469 ps (c) 869 ps

(d) -468 ps (e) -68 ps (f) 332 ps

Figure 3: Spatial distribution for electron density for lead target (a,b,c) (shot 53317, energy 497.4 J) and
for zinc target (d,e,f) (shot 53386, energy 414.7 J) with delays in regard to the peak of the main laser
beam. Electron density is in cm−3. Laser radiation comes from the left.

As a part of the observation of interaction of laser light with thin foil metal targets,

the multi channel electron spectrometer array was used and the results are shown in figure

4. The electron energy distribution functions show an almost exponential dependence on

energy. The values of hot electron temperatures using exponential fitting are in agreement

with the empirical scaling laws. [9] The hot electron emission characteristics show direc-

tional emission in the front side of the target (Fig. 4 b,c) and no angular dependence on

the back side (Fig. 4 e,f). The angular distribution of hot electron temperature follows the

similar pattern as angular density of flux.

Conclusion

The growth and decay of plasma density modulations was observed on the front of the

thin foil metal targets by imaging the x-ray emission along the laser axis. These modulations

were also observed using the interferometric frames. Given the dynamics of plasma density

distributions, the measurement of magnetic fields and electric currents in the plasma using
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Figure 4: Characteristics of hot electron emission for lead (shot 53384, energy 420.4 J) and zinc (shot
53386, energy 414.7 J) targets with respect to front (a,b,c) and back (d,e,f) side of the target.

complex interferometry is required to further investigate the conditions for ion acceleration

and electromagnetic pulse generation.

Our observations of hot electron emission characteristics show directional dependence

on the front side of the target while the back side of the target shows isotropic pattern of

emission. Further investigation into the dependence of hot electron emission characteristics

on the target properties is required.
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