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Figure 4. Geometric correction (+1.5 mm shift) to the PSD data for both 100 and 200 MeV.
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Only two energies were tested; the ProBeam covers 70-220 MeV clinically,
and the quenching correction is strongly LET-dependent. The Birks’ constant
here was fit to two points and should be verified at intermediate energies
before broader use.
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Figure 6. Spot profiles of the 100 MeV (top) and 200 MeV (bottom) proton beam measured with a
PSD and simulated with TOPAS Monte Carlo.

Figure 3. PSD acquisition system and detector dimensions
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For a small and short plastic scintillation rod (typically materials like EJ-200 or BC-408), Birks's law requires
specific corrections to address extreme delta-ray fluctuations and geometry-induced optical loss. Because
the rod is small, standard simulation defaults will heavily miscalculate your actual light output.

1. The Geometry and Optical Escape Correction

In a short rod, a significant fraction of scintillation light escapes through the sides or undergoes total
internal reflection before reaching your photodetector. You must correct the raw Birks equation by
multiplying it by a position-dependent light collection efficiency function, n(x): [1]

SS\frac{dL}H{dx} = \eta(x) \cdot \frac{S \frac{dEH{dx}}{1 + k B \frac{dEH{dx}}SS

n(x): Typically modeled as S\eta 0 \cdot e*{-\alpha x}S, where a is the bulk attenuation length of the
plastic and x is the distance to the optical readout.

For short rods, boundary reflections dominate over bulk attenuation, requiring a dedicated optical
transport simulation (such as GATE or GEANT4 optical physics) to establish the exact correction curve.

2. Standard Plastic Scintillator Parameters

When simulating or fitting your experimental data, do not use generic organic scintillator defaults. The
standard, widely accepted empirical parameters for plastic rods are:

Birks's Constant (Sk BS): Generally ranges from 0.0075 cm/MeV to 0.012 cm/MeV for standard plastics
like EJ-200 / BC-408.

Chou's Second-Order Correction (C): For heavily ionizing particles (e.g., low-energy protons or alpha
particles), Chou's parameter is approximately C = 1.0 x 10> cm?%MeV? to correct for the over-suppression
of light at the Bragg peak.

3. GEANT4 Step-Size and Delta-Ray Correction
Because your rod is physically small, your simulation step sizes will naturally be constrained. Standard

GEANT4 implementations of Birks's law can suffer from step-size artifacts because secondary electrons
(delta rays) are produced below the production threshold.

The Fix: Enable the G4emSaturation tool. It automatically applies a correction factor to the step by
evaluating the restricted energy loss rather than the unrestricted S\frac{dE}{dx}S. This prevents your
simulation from over-predicting the quenching effect in tiny volumes.

4. Edge Quenching Effect

In small rods, particles passing very close to the outer surface deposit energy in a region where surface
micro-scratches or wrapping materials (like Teflon or aluminized Mylar) alter the local light collection. This
creates an artificial lower light yield that mimics an elevated Sk BS value. You must apply a geometric cut
in your data analysis to exclude edge-striking events. (2]

Could you share:
What type and energy of particle (e.g., MeV-range protons, cosmic muons, beta electrons) are you firing at

the rod?
Are you looking for a mathematical formula to apply to your raw data, or code configuration for a

simulation? [3]
Knowing this will help me provide the exact numerical framework or script snippet you need.
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