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Abstract

Gamma radiography using a laser-plasma source represents an advanced non-
destructive testing technique with significant potential for industrial and medical
applications. This study investigated the generation of gamma rays through laser-
driven plasma interactions and their application in high-resolution radiography. A
high-intensity laser pulse was focused onto a solid target, producing a relativistic
plasma that emitted bremsstrahlung and characteristic gamma radiation. The emitted
gamma spectrum was analyzed using spectroscopic methods, and radiography was
performed on test objects to evaluate spatial resolution and contrast sensitivity. The
results demonstrated that laser-plasma sources can produce sufficiently intense and
collimated gamma beams for high-quality imaging, with resolutions comparable to
conventional gamma sources.
Introduction

Gamma radiography is a widely used non-destructive testing method in
industrial inspection, security screening, and medical diagnostics. Traditional gamma-
ray sources, such as radioactive isotopes (e.g., Co-60, Ir-192), pose logistical
challenges due to regulatory restrictions, decay over time, and safety concerns.
Alternative approaches, including synchrotron facilities, provide high-intensity beams
but are expensive and not portable. Laser-plasma gamma sources offer a promising
solution by generating gamma radiation through the interaction of high-power laser

pulses with matter.
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When an ultra-intense laser pulse interacts with a solid target, it accelerates
electrons to relativistic energies. These electrons undergo bremsstrahlung and
characteristic emission upon deceleration in the target material, producing a gamma-
ray beam. The spectral and spatial properties of the gamma radiation depend on laser
parameters (intensity, pulse duration) and target composition. This study explored the
feasibility of using such a source for radiography, assessing its resolution, contrast, and
practical applicability.

Methods and Methodology

The experimental setup consisted of a high-power laser system, a target chamber,
and diagnostic instruments for gamma detection and imaging. A Ti:sapphire laser
delivering pulses of 30 fs duration at 800 nm wavelength was used, with a peak
intensity exceeding 10719 W/cm?. The laser beam was focused onto a thin tantalum
foil (thickness 10 um) using an off-axis parabolic mirror.

Gamma rays were generated via bremsstrahlung as relativistic electrons
interacted with the high-Z target. A lead collimator was employed to shape the gamma
beam, reducing scattered radiation. The energy spectrum was measured using a
calibrated scintillation detector coupled to a multi-channel analyzer. For radiography,
test objects composed of varying materials and thicknesses were placed in the beam
path, and imaging was performed using a high-resolution imaging plate.

Spatial resolution was quantified by analyzing the edge spread function of sharp
features in the radiographs. Contrast sensitivity was evaluated by imaging step wedges
with incremental thickness differences. Monte Carlo simulations were conducted to
model gamma production and transport, providing theoretical validation of
experimental results.

Results and Discussion

The gamma-ray spectrum exhibited a broad continuum up to several MeV, with
characteristic peaks corresponding to tantalum fluorescence. The maximum photon
flux was observed at energies around 1 MeV, suitable for penetrating dense materials.
The beam divergence was measured to be approximately 20 mrad, sufficient for

radiography applications with proper collimation.
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Radiographs of test objects demonstrated sub-millimeter spatial resolution, with
edge features clearly distinguishable down to 0.3 mm. Contrast sensitivity tests
revealed that thickness variations of 2% in steel samples could be reliably detected.
These performance metrics were comparable to those achieved with conventional
gamma sources, confirming the viability of laser-plasma systems for radiography.

Monte Carlo simulations agreed well with experimental data, predicting the
gamma yield and angular distribution within 15% accuracy. The simulations also
indicated that optimizing target thickness and atomic number could enhance
conversion efficiency. For instance, thicker targets increased gamma output but at the
cost of higher beam divergence due to multiple scattering.

Advantages and Limitations

The primary advantage of laser-plasma gamma sources is their tunability and
on-demand operation, eliminating the need for radioactive materials. The compact
nature of laser systems makes them suitable for field applications where portability is
essential. Additionally, the short pulse duration (femtosecond scale) enables time-
resolved 1imaging studies, which are not feasible with continuous sources.

However, limitations include the relatively low repetition rate of high-power
lasers (typically 1-10 Hz) and the need for precise alignment. The gamma beam's
inherent divergence requires collimation, reducing available flux. Future
advancements in laser technology, such as higher average power systems, could
mitigate these issues.

Applications

The demonstrated capabilities of laser-plasma gamma radiography suggest
potential uses in various fields. In industrial settings, it could inspect welded joints,
castings, and composite materials. Security applications include cargo scanning for
illicit materials. Medical applications, though requiring further dose optimization,
might include specialized imaging where conventional X-rays lack penetration.
Conclusion

This study established that laser-plasma sources can generate gamma rays

suitable for high-resolution radiography. The technique offers a viable alternative to
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radioactive isotopes, with advantages in flexibility and safety. While current systems
face limitations in repetition rate and efficiency, ongoing developments in laser
technology are expected to improve performance. Future work should explore different
target materials, laser configurations, and advanced imaging detectors to expand the
applicability of this method.
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