Collimator and detector optimization for Compton scatter detection: a first

step towards scatter imaging for real-time motion management in lung SBRT
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Introduction
Existing real-time tracking methods during
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optimal scatter angle of scattered photons
CG Geometry (2D square, parallel-focused)

(SPs) that preserved phantom geometry in a
scatter image, for a clinical 6 MV FFF beam.

Table 1: A summary of the ADSM results for a sample of the simulated detector positions,
collimation grid (CG) configurations and scintillation crystal properties.
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To translate the findings of the phase-space [N s sl BlRiEslhan]
(W) (Pb) (Ta)

P . . H (Septal 90° 57 0.05 1.0 Gadox 1.0 Square Tungsten 12.24
analySIS Into a phySICal detector (Flgure 2)’ Septal thickness (T): 90° Height) 90° 57 0.1 1.0 Gadox 1.0 Square Tantalum 15.64
position, scintillation material, and collimator g = Incident 1 J v 45° 57 0.3 1.0 Gadox 1.0 Square Tantalum 28.41

. . . gl B ' Beam > 90° 57 0.3 1.0 Gadox 1.0 Square Lead 20.22
properties: septal height (H), thickness (T7), | I ' a5 s7 01 10 Gadox 10 Square Lead 20,76
InterSpace (/) and materlal Of para”el_focused . Scintillation Detector - Collimation Grid (CG) Design constraint: Spatial uncertainty < 1 mm 45° 57 0.1 1.0 Gadox 1.0 Cylinder Tungsten 33.09

¢ 0.05 mm » 0.9 mm (1 mm Gadox) i Vil e o S B o 45° 57 0.1 1.0 Gadox 1.0 HoneyComb Tungsten 34.52
2D collimator grids (CGS) were varied | | 45° 57 0.1 1.0 Gadox 1.0 Square Tungsten 33.73
T : : p = 45° 57 0.1 1.0 CSlI 1.0 HoneyComb Tungsten 27.53
2.4.2 CG Geometry and Scintillation Crystal - Investigations Scintillator Material (1 mm thick) Scintillator Thickness 45° 57 0.1 1.0 BGO 1.0 HoneyComb Tungsten 39.64
' I 1fi . CG Architecture 2D Honeycomb 2D Parallel-Hole PbWO g >/ 0.1 1.0 GAGG 1.0 HoneyComb Tungsten 13.61
The angular detection significance metric g g i T GAGGe)  Lsod  Beo  ax  iGs | e - o o oo o HoneyComt Tungsten 1903
(ADSM), defined as the number of detected - P ., prm— e 45° 57 0.1 1.0 PWO 3.0 HoneyComb Tungsten 50.21
Sp ithin th ti | t le divided i &i%b’ " K fbw £ ey ' s 45° 57 0.1 1.0 PWO 3.5 HoneyComb Tungsten 50.68
S N e Op IMal SCatter ang S IvViae ﬁ 4 @ ﬁ 45° 57 0.1 1.0 PWO 4.0 HoneyComb Tungsten 50.20
Density Density Density Density Density Density 45° 57 0.1 1.0 CSI(TI) 9.0 HoneyComb Tungsten 41.47

by the square root of the total detected
~4.51 gem™ ~6.63 gem™@  ~7.10 gem™ ~7.13 gem™ ~7.30 gecm™ ~8.28 g-cm™ 0.5:mm 10 mm 45° 57 0.1 1.0 CSI(TI) 12.0 HoneyComb Tungsten 40.80
photons, served as the perfOrmance metric. (=i apicthiein . _ . > 45° 57 0.1 1.0 Gadox 5.0 HoneyComb Tungsten 43.69
Increasing Density / Stopping Power 5 ! 45° 57 0.1 1.0 Gadox 5.5 HoneyComb Tungsten 44.37
2 T N 45° 57 0.1 1.0 Gadox 6.0 HoneyComb Tungsten 43.42
2.4.3 Septal Designi Refinement - Investigations Septal height (H) Scintillator Material 45° 10 0.2 0.175 PWO 3.5 HoneyComb Tungsten 19.38

Results

Septal thickness (T) best CG configuration and scintillator thickness for: 45° 75 0.15 1.0 PWO 3.5 HoneyComb Tungsten 54.38

Mean photon energies increased from 0.18 (fine sweep around optimum)
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pronounced high-energy tail. (cteagpnal If 1 >1 mm, then / fixed at 1 mm 45° 10 0.3 0.175 Gadox 5.5 HoneyComb Tungsten 14.96
S i 45° 30 0.1 0.52 Gadox 5.5 HoneyComb Tungsten 36.17
. . Figure 2: Overview of the staged investigation and optimization framework followed to digitally reproduce the 45° >7 01 1.0 Gadox 55 HoneyComb Tungsten 44.37
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 These findings establish a practical design foundation for the development of passive Compton scatter imaging systems which may be capable of supporting non-invasive, dose-free real-
time motion monitoring during lung SBRT, warranting future refinement, experimental validation and dynamic tracking studies
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