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Abstract:  During the generation of a laser-induced particle beam, a non-
negligible fraction of the laser energy is dissipated in the form of ionizing ra-
diation, whose characteristics strongly depend on the underlying physics of the
laser-plasma. The peculiar pulsed time structure of these radiation fields prevents
the use of conventional instruments used for nuclear spectroscopy, as they operate
with a very long readout dead time compared to the time evolution of the pulse.
In this context, the OSCAR detector has been developed: an innovative online
scintillation detector that can be used for characterizing the radiation produced
in high intensity laser-target experiments. After an introduction to the working

Advisor: principle of the detector and its design, an in-depth analysis and optimization of
Prof. Marco Caresana the crystal light output and collection are reported. The use of TiO4 painting as re-
Co-advisor: flector layer around scintillating crystals has been explored. The background noise
Ph.D. Benoit Lefebvre variations in time and the point of view effects related to the actual CMOS camera

based readout system have been investigated in detail. The analysis underlined
the limitations of the system, and silicon photodiodes have been presented as al-
ternative light sensors to CMOS camera. Simulations of the propagation of optical
photons from the scintillation medium to the CMOS sensor have been performed
with FLUKA.CERN Monte Carlo code. Novel optical models have been developed
for simulating reflections of optical photons on non-smooth surfaces. The observed
deviations of the simulated light output distribution in space with respect to exper-
imental data are comparable to the experimental error. An estimation of the time
straggling due to photon propagation inside the crystal has been also performed.
Finally, OSCAR’s neutron detection capabilities have been investigated. The es-
timated low neutron sensitivity indicates that further development in design and
readout techniques are necessary to achieve direct neutron detection with OSCAR,
and possible improvements are proposed.
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1. Introduction

The ELI Beamlines Facility in Dolni Bfezany (Czech Republic) is a leading laser research center and part of ELI
(Extreme Light Infrastructure) pan-European Research Infrastructure hosting some of the world most intense



lasers, as the L3 laser system called HAPLS (The High-Repetition-Rate Advanced Petawatt Laser System) that
is designed to deliver PW pulses with energy of at least 30 J, and durations < 30 fs, and the 14 laser system
called ATON, which is designed to generate pulses of 10 PW with duration of 150 fs [1]. ELI Beamlines aims to
provide laser-generated radiation beams for multidisciplinary user research [2]: not only for research in physics
and material science, but also in life science, laboratory astrophysics, and chemistry [1]. The laser beams are
sent to various experimental rooms. Depending on the experimental setup, a wide range of possible radiation
fields and particles beams are produced as a result of laser interactions [2].

The interaction of these high intensity lasers with matter induces ionization of the target material, that leads
to the formation of a plasma and so the emission of a considerable amount of charged particles and photons
[3-5]. Typically, a population of relativistic electrons is formed in the laser-generated plasma, the so-called “hot
electrons” [6, 7], which travels in the plasma under the action of electromagnetic forces. The motion of this hot
electron beam through the target requires the presence of a return current, that is provided by a second electron
species, the so-called “cold electrons”, whose temperature is much lower than that of the hot electrons (tens
of keV for cold electrons against MeV of hot electrons) [8]. Hot/cold electrons produce respectively hot/cold
photons via Bremsstrahlung processes in the target, and the energy spectrum of this radiation is again well
described by a Maxwell-Boltzmann distribution [5]. Photon emission could be exploited in the analysis of the
interaction [5], as well as in several medical and industrial applications, as for radiography of dense objects [9]
and cancer radiotherapy [10].

In addition to Bremsstrahlung photons, high energy pulsed beams of electrons, protons and ions can be emitted
as a consequence of the laser-target interaction [11, 12]; this is at the basis of the laser-driven acceleration
of particles. The interest around this technology is related to the numerous innovative applications in scien-
tific research (nuclear physics, high energy-density physics, inertial fusion), as well as in technology (material
engineering) and medicine (hadron cancer therapy, production of isotopes for PET) [13].
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Figure 1: Sketch of an ultra-high intensity laser interaction with a target [14].

The large amount of radiation produced in laser-target experiments is strongly related to the plasma temper-
ature and transport phenomena. Therefore, it also offers a valuable source of information on the laser-matter
interaction. For this reason, an online analysis of the produced radiation field also represents a useful diagnostic
tool for the plasma produced [15].

Laser-induced radiation fields are extremely short-lived, of the order of the laser pulse, that is a few femtosec-
onds [2]. Typical spectrometry techniques in radiation detection rely on single-quanta measurement: once the
radiation interact with the detector, there is a dead time in which the instrument is blind to the incoming
radiation. Therefore, in the case of a burst of radiation, a conventional online detector would be subjected to
pile-up that makes the reading of the instrument meaningless [16]. Viable solutions for pulsed radiation fields
detection are offered by passive detectors, as thermoluminescence dosimeters (TLD) and optically stimulate
luminescence dosimeters (OSL), and also by online specialized detectors as the LB 6419 “Pandora detector”
[17] and the “LUPIN detector” [18]. However, these detectors do not allow performing a spectrometry of the
radiation produced in the plasma interaction, and so the OSCAR detector (Online Scintillator Calorimeter
for the Analysis of Radiation) has been developed from the Radiation Protection Group at ELI Beamlines to
perform shot-by-shot energy spectrum measurements in high intensity and pulsed fields typically produced in
laser-target interactions.

The OSCAR design was inspired by other segmented electromagnetic calorimeters used in the field of high
energy physics, which are a set of scintillating layers measuring the energy deposited at different depths in the
material [2]. Similarly, the OSCAR detector is composed by a stack of scintillator crystals that emit visible
light as a consequence of the interaction with ionizing radiation [16]. A CMOS camera collects the light from
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