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Laser-driven lon Accelerators

% High-power laser interacts with a thin target

# Produces energetic ion beams

% Ultra-short, high-intensity pulses

= Compact alternative to large accelerators
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*¢ Target normal sheath acceleration (TNSA): most common and robust mechanism

(@) (b) (c)

Critical-
Density

Laser-Pulse

Pre-Plasma

1O ©) Sheath

Hot

1 Retumn-
Electrons

(:urmnt\ oo Eiu:ap""s_
| ® ectrons

L]

LJ ®
. .

Cuasi Neutral
TNSA Beam

) el

Plasma

Figure: TNSA process leading to laser driven proton acceleration. [
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Secondary Radiation Production FUTURE e ]

Laser—target interaction generates prompt
radiation

Emission of photons (Bremsstrahlung) and
electrons

Additional radiation from beam interactions
with beamline components

Mixed, pulsed radiation field with broad
energy distribution
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= Affects diagnostics and measurements
= Contributes to unwanted radiation dose

¢ Relevant for medical and research applications
ELIMAIA-ELIMED:
# ELIMAIA (ELI Multidisciplinary

Applications of laser-lon Acceleration) at
ELI Beamlines I

¢ Requires accurate characterization

interaction chamber

e

s ELIMED (ELI MEDical applications) !
\\ in-air irvadiation % L3 HAPLS (The High-Repetition-Rate
= and dosimetry Advanced Petawatt Laser System) laser (ol
\ s ELIMAIA currently uses 10 J, 30 fs pulses
A F\R at 0.2 Hz and provides proton beams with
7 up to 40 MeV

2 Used for studies in radiobiology, material
science, cultural heritage

ion acceleration

i beam transport and shaping
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Simulation Approach
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Particle transport and
interactions simulated

Realistic ELIMED
beamline geometry
Includes ions, electrons,
photons, and neutrons
Beam source from PIC
simulations, refined with
experimental data

Predicts radiation sources
and spatial distribution

ELIMED beamline modeled in FLUKA 78l
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TOF signal: TP traces:

lon beam characterization:
Time-of-Flight (TOF) — energy
spectrum
Thomson Parabola (TP) — ion
species and charge states

TOF spectrum

Radiation measurements: . . . .
. . . Timepix neutron signal:  X-ray calorimeter detector:
Timepix — particle type, energy and I -

timing
X-ray calorimeter — photon energy
and count

Measurements in pulsed, mixed radiation
fields
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Detector Development

Neutron Time-of-Flight (nTOF) system

Currently under experimental testing
Energy resolved neutron measurements

Electron spectrometer

Design stage
Characterization of fast electron component

Designed for pulsed, high-intensity environments

Improved particle discrimination and coverage

— Toward complete characterization of radiation field
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Spatial Distribution of Secondary Radiation
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Monte Carlo simulation of
full ELIMED beamline

Spatial distribution of:
photons, neutrons,
electrons

Radiation intensity along
and around beamline

Identification of
high-intensity regions

NEUTRONS
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Radiation at Irradiation Point F:::::cs '))»)) el]

Fluence of particles at irradiation
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Neutrons
Photons
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Contributions from secondary
radiation (photons, neutrons,
electrons)

1000

Comparison with primary ion beam

Secondary radiation as background
to delivered dose

Number of particles per laser shot

— Impact on dosimetry and bor
radiobiological studies
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= Stray radiation generated at target and along beamline

% Monte Carlo simulations map radiation propagation

# Photons, neutrons, electrons contribute to background

¢ Secondary radiation present at irradiation point

%t Accurate characterization is essential for reliable beam use
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