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Abstract
The advent and development of ultra-intense tabletop laser systems has played a
significant role in recent decades thanks to the wide number of applications and
studies in which these systems were demonstrated to be appropriate. Among
these, one of the main applications of ultra-intense radiation is generation of
plasma by solid, liquid or gaseous targets. The by-product of x-radiation found
many different applications such as spectroscopy, imaging, microlithography,
microscopy, radiographies (in particular of biological samples), radiation–
matter interaction, fundamental plasma parameter determination, astrophysics,
inertial confinement fusion, high energy physics, quantum electrodynamics, and
many others.

In the following a brief description of our tabletop Nd:YAG/glass apparatus
(facility of the Quantum Electronic and Plasma Laboratory of the University
of Rome ‘Tor Vergata’), together with x-ray conversion efficiency studies for
different targets, are reported.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Laser–plasma interaction is currently a subject of large and growing interest [1] for many
concomitant reasons: (a) availability of laser systems with unique properties [2, 3]; (b)
powerful computing means; (c) inertial confinement [4, 5]; (d) perspectives of several new
possible applications [5, 6]. The laser–plasma field is now dividing into many branches
concerning astrophysics [6–9], inertial confinement, quantum electrodynamics and high energy
physics [10–12], atomic [13] and solid state physics [14], x-ray spectroscopy [15–20],
radiographies [21] and imaging [22, 23].
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As is well known, high temperature plasma can be generated by focusing intense laser
pulses over different targets. Pulse intensity should reach or exceed the threshold for plasma
formation, typically about 107 W cm−2. Intense laser light is initially absorbed in a thin
material layer (of the order of the skin depth), which is heated, melted and vaporized; then,
an expanding plasma cloud is generated in the target vicinity. Working with pulse width longer
than 10 ps, the plasma expansion timescale is shortened, then pulse duration and hydrodynamic
effects become important. So a gradient in the plasma density develops and laser energy can be
absorbed by the plasma as it propagates towards the target until it reaches the critical surface,
where plasma frequency equals laser frequency and characterizes local charge oscillations in
the plasma, proportional to the square root of the electron density.

Laser induced plasma is a good radiator and visible, UV and x-radiation can be emitted
by such hot plasma due to line transitions, radiative recombinations and bremsstrahlung
radiation [24–29]. Radiative properties represent a classical example of non-interfering probe.
Much important information can be obtained directly from plasma by observing its emission
spectrum as ionization balance, density, temperature and chemical composition. Radiative
properties are therefore a powerful diagnostic of the plasma state. Such consideration can
explain the increasing interest addressed to radiative properties of hot and dense matter. X-ray
spectroscopy of multicharged ions appears as one of the most powerful techniques available for
high temperature plasma investigation. For example, the x-ray emission spectrum from He-like
ions has been used as a diagnostic for several types of hot plasmas [30–33]. These plasmas can
be also laser induced and then exploited for several applications.

In the following we report a brief description of our experimental set-up, based on a
Nd:YAG/glass laser source (section 2). In section 3, some results relevant to conversion
efficiency for different solid targets are reported. Finally, section 4 contains the main
conclusions we drew during this part of the experimental activities.

2. Apparatus description

The experimental facility applied for the generation of soft-X rays is schematically reported
in figure 1. Its main constituents are a Nd:YAG/glass laser source in MOPA configuration, a
lens system focusing the beam on the target, a double stage vacuum chamber where plasma is
generated, a vacuum pump system linked to the chamber, some detectors, a spherical crystal
based spectrometer for radiation analysis, an oscilloscope outside the vacuum chamber, a fast
photodiode put right next to the oscillator, and others.

The source is a non-commercial one. It is composed by a Nd:YAG oscillator, based on the
Q-switched technique, followed by four amplification stages. The first two are also Nd:YAG,
while the last are Nd:glass. The radiation emerging at the end of the whole chain has the
following main features:

(1) λ = 1064 nm;
(2) τ = 15 ns;
(3) Ep = 36 mJ (pulse energy);
(4) TEM00;
(5) P-polarized;
(6) pulse repetition rate (PRR) = 10 Hz.

The radiation enters the chamber through a glass flange. Here it is focused over the target (a
thin strip a few microns thick), which is mounted on a rotating support with an incidence angle
of 45◦, to minimize debris projection near the target.
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Figure 1. ‘Tor Vergata’ ultra-intense Nd:YAG/glass laser facility for soft x-ray generation by laser
induced plasma.

Figure 2. Photograph of the first stage of the vacuum chamber.

To analyse soft x-rays, inside the chamber a spherical mica crystal spectrometer is located
(see figure 2). This spectrometer, achieved at the Multicharged Ions Spectra Data Center
of VNIIFTRI Institute of Moscow thanks to Drs A Ya Faenov and T A Pikuz, can cover a
spectral region ranging from 632 eV to 10 keV and combines the focusing properties typical of
a spherical mirror with Bragg diffraction typical of a crystal.

3. IR–soft x-ray conversion efficiency

In this section a study of the x-signal (Vx) detected by a pin diode is reported. In particular, we
evaluated (a) the x-energy (Ex) emitted on the half solid angle, namely

Ex(in J) ∼= 3.93
Vx

RL

τx

SXRD

d2

AXRD
esposta

1

T f
⇒ Ex ∝ Vx

and (b) the conversion efficiency (η) from infrared laser to soft x-radiation, namely

η (laser → x-rays) = Ex

Elaser
⇒ η(IR → x-rays) = Ex

EIR
.

The analysed spectral region ranges between 1.3 and 1.55 keV (i.e. λ between 8 and 9.56 Å)
and it was selected by an aluminium filter 40 µm thick. Its transmission coefficient is about
0.8%.
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Figure 3. Soft x-ray energies versus laser energy (detected by PIN photodiode) for different targets.
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Figure 4. IR → soft x-ray conversion efficiency versus laser energy, for different solid targets.

The adopted solid targets were Mg, Ti, Fe, Cu, Zn, and Y.
For each measurement, the laser beam energy ranged between 3.25 and 9.91 J,

corresponding to an intensity within the range 2.76 × 1012–8.41 × 1012 W cm−2. The obtained
results are reported in figures 3–5.

4. Conclusion

In this paper, we discussed the IR x-ray conversion efficiency for six different solid targets
interacting with the radiation emitted by our tabletop solid state laser source.

By the information that one can deduce from the results of the previous section, together
with the help of the literature, it can be asserted that conversion efficiency
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Figure 5. Average conversion efficiency versus atomic number for different solid targets (1.3 and
1.55 keV).

• depends on the type of target, since it is connected to the transition probability between
levels involved in the x-ray emission,

• increases/decreases increasing/decreasing laser intensity over the target,
• depends on the soft x-ray spectral region and
• assumes the highest values for copper (Z = 29) and zinc (Z = 30), with almost the same

mean value equal to η ∼= 0.22%.

From the above considerations, we can deduce that, within the spectral range taken into
account, the IR–soft x-ray conversion efficiency is less than 1%. The remaining portion of laser
energy is converted partially into VIS and UV radiation and mainly transformed into the heat
necessary to warm up the target to plasma temperature, which for our source is around 106 ◦C.
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