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Performance of Extruded Polystyrene-
Based Plastic Scintillators
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Different extrusion parameters, scintillator geometries, and pTP concentrations were investigated and compared with standard polymerized scintillators. The optical
performance, including light output (LO) and technical attenuation length (TAL), was characterized using a tunable monoenergetic electron beam (200 keV - 1.6 MeV)
[1,2]. The results demonstrate that extrusion is a flexible and scalable method for producing plastic scintillation detectors with competitive performance.
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Experimental Setup & Procedure

Results (Light Output vs. Distance; TAL)

Tunable monoenergetic electron source (200 keV - 1.6 MeV)
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Technical Attenuation Length

TAL [3] describes the decrease of scintillation light intensity during
propagation through the scintillator due to absorption, scattering, and
optical imperfections:

where I, is initial light intensity, I(x) is light intensity after traveling
distance x, and A, is the AL. After traveling one AL, the light intensity
decreases to 1 /e = 37% of its initial value.

Two-Component Attenuation

TAL in plastic scintillators is often described by two exponential
components due to different photon propagation mechanisms, plus a
constant background term:

X X
I(x) =Age s+ A4, e M+ C

A (short): direct light affected by self-absorption and local scattering;
A, (long): reflected light propagating via total internal reflections.

Technical attenuation length for PS (1 x 1 x 62 cm°)
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Technical attenuation length for PS (1 x 4 x 62 cm”)
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PS - Extruded 1x1x62 1.94 £ 0.07 21.01 £0.25

PS-STD 1x1x62 1.72 £ 0.05 61.02+1.15

PS - Extruded 1x4x62 0.98 £ 0.03 17.04 £0.10

PS-STD 1x4x62 0.84 £ 0.02 64.16 £ 4.97

Technical attenuation length for PS-Extruded (1 x 4 x 62 cm®) TAL for PS-Extruded (1 x 1 x 62 cm®) with Y-11 and YS-2 WLS fibers
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WLS fiber | PS dimension [cm?3]

A [cm] A [cm] Y-11 1x1x62 136.45+4.85 >350
0.6 % 1x4x62 0.89+0.03 18.22+0.17 YS-2 1x1x62 165.53+4.31 >350
1.5 % 1x4x62 0.87+0.03 17.32+0.22 *Kuraray datasheet values for attenuation length (AL*).
2.0 % 1x4x62 0.77+0.04 12.61+0.11
Conclusions

increased self-absorption losses.
of LO by =10-15% over the total scintillator length.
reduced fabrication complexity.

required to improve scintillation performance.

e Extruded plastic scintillators achieved =80% of the LO and =30% of the A, compared to STD.
e Increasing the pTP concentration resulted in higher LO, while the A, decreased, indicating

® Measurements using a SiPM coupled to Y-11 and YS-2 WLS fibers showed a gradual decrease
® The extrusion process enables continuous, scalable, and cost-effective production with

e Further optimization of extrusion parameters, dopant concentrations, and optical quality is
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