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POSSIBLE SCINTILLATORS:
. Organic and inorganic crystal-, , hoble gases, and silicates
Mechanism

. Conduction Band

lonizing &
Radiation

‘ Valence Band

A Energy released thru scintillation
is proportional to incident energy
absorbed (i.e. dose)

A Emission is isotropic
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Image: Eljen Technology Plastic Scintillators




The Other Optical Signal: Cherenkov
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Video courtesy of Adam Glaserq

Scint Optical fiber

Fic. 1. Schematic of a plastic scintillator

Optical Fiber

Scint. fiber

Fic. 2. Schematic of a scintillating fiber
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Challenge: Isolating Scintillation from Cherenkov ¢

Cherenkov
Emission

. Cone A Xrays: ~3% of the signal
K A Electrons: ~12% of the signal

particle Track

A—a 12MeV

*—eo6MeV

Cherenkov intensity measured is dependent on:

A Angle A Energy
A Material(s) A Length of cable irradiated

Light Output (x108A)

Cherenkov is removed from scintillation signal thr =

A Subtraction of Cherenkov in background optical cable Angle 6 (%)
A Spectral methods of calibration (Guillot et al, Med Ph
38(4) 2011

SourceBeddar Rad Measurements 4,@1‘,
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Cameras Make WireFree Measurements Possible ¢

Anatomy of an Intensified CMOS Camera Syste

External Lens
(Interchangeable)

Phantom CCD or
Radiation - ‘ O O CMOS

Beam |Collimator -

Source | 1
- Sensor
Trigger Scintillators

Cable «'

SMOS!
iCV Treatment Bunker!
Data Control Area

Cable : Fiber Optic  *
&quc:sng 2 H | Bundle MCF

Computer

Recall Calibration
ors

Individual or binned pixel intensities (A5 bit depth) are the quantlfle;j
signal, as opposed to electrometer readings. Q =

=
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nline Subtraction

SourceTendleret al., Phys Med Biol 64, 2019




Fiberbased point detectors

Remote camera
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A Brief History of Plastic Scintillators in RT

1992¢ Beddaret al., Water-equivalent plastic scintillation detectors for higimergy beam
dosimetry: 1. Physical characteristics and theoretical considerations, Phys Med Biol 37(10)

1999¢ Letourneauet al.,Miniature scintillating detector for small field radiation therapy, Med
Phys 26(12)

2011¢ Guillot et al., Spectral method for the correction of the Cerenkov light effect in plastic
scintillation detectors: A comparison study of calibration procedures and validation in Cerenkov
light-dominated situations, Med Phys 38(4)

2015¢ Underwood et al., Application of thexradinW1 scintillator to determind=diode60017
and microdiamond 20019 correction factors for relative dosimetry within small MV and FFF fields,
Phys Med Biol 60(17)

2019¢ Tendleret al., Rapid Multisite Remote Surface Dosimetry for Total Skin Electron Therapy:
Scintillator Target Imaging, InRadiatOncol Biol Phys, 103(3)

2020¢ Alexanderet al., Scintillation imaging as a highsolution, remote, versatile 2D detection
system for MRinac quality assurance, Med Phys, 47(9)
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Advantages of Plastic Scintillator Dosimeters ()

B A Water equivalence

\ A Energy independ
A Angular indepen

Dose linearity

Dose rate independence

Near temperature independence

Resistant to radiation damage

<1mm spatial resolution

Reaitime (~ns temporal resolution

Does not perturb small field dose

distributions
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- Exradi® W2 Scintillator promotional materiatsfps://www.standardimaging.com/exradhuetectors/scintillators Q =

Exradin W2 Scintillator
Nonmagnetic
materials!

lon Chamber
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Commercially Available SystemsExradinW1 and W2 ()

Small Imm x 1mm scintillator is an
excellent choice for measurement !
Image source: Carrasebal.,Med Phys 42(1), of small fields ‘ceGalaviet al.,Med Phys 46(5), 2019

EXRADIN W2 SCINTILLATOR SPECIFICATIONS

W2-1x1 — 1.0 mm diameter x 1.0 mm long // W2-1x3 — 1.0 mm diameter x 3.0 mm long
SCINTILLATOR HOUSING — 2.8 mm diameter x 42 mm long

OPTICAL FIBER — 1.0 mm diameter core x 2.2 diameter jacket x 4 m long

SCINTILLATING FIBER — Polystyrene with ABS plastic enclosure and polyimide sterm
OPTICAL FIBER — Acrylic (PMMA) with Polyethylene jacket

OPTICAL FIBER MINIMUM BEND RADIUS — 6 cm

SCINTILLATING FIBER PHYSICAL DENSITY — 1.05 g/cm3

RADIATION DEGRADATION — ~2% / kGy
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The Quest for Spatial Resolution: 2D Fiber Arrays

Spatial resolution for optical fiber arrays quickly
becomes a logistical nightmare.

Image source: Lacroet al., Med Phys 35(8), 2008

Camera Systems Can Provide 1D/2D Dose Distribution<(4

Wireless scintillationn vivodosimetry during TSET with
remote intensified CMOS camera system.

SourceTendleret al., Int JRadiatOncol Biol Phys, 2019
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Scintillation Dosimetry during TSET ™
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Summed Fit Amplitude

Dose (cGy) = 1.1 cby
5 Pose (6y) 7530 0.9 cty

2 3
Total: R* = 0.94; RMSE = 1.1 cGy
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SourceTendleret al., Int JRadiatOncol Biol Phys, 2019
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Air Cavities and Dose in a Magnetic Field ®

3cm 2cm  lcm  0.5cm

A 5cm x 5cm Beam

A 6MV Photons
(Spectrum)

A Water/Air Medium

A Effects are most pronounced at
. high-low density media interfaces

A Lorentz forces curl the electron
paths as they are liberated from
the solid medium and enter the air
cavities

Increasing Magnetic Field Strength

A Have to consider how a detector

perturbs the phantom
SourceRaaijmakeret al.,Phys Med Biol 53, 2008 q

Direct measurement of the Electron Return Effect on a 0.35ILMé&c

Source: Andreozzi al.,Med Phys 47(3), 2020
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The Golden Question: ™
How Does A Magnetic Field Affect Scintillation Signal?

—¥—W1(Total signal)
%+ W1(Channel 1) Vg g
=% W1(Channel 2) 7 79% s|gna|
In-house PSD s .
- Bare fiber . increase for

bare fiber

Normalized intensity

Increased magnetic field from OT to 1.5T in 0.3T increments

0.5
A Magnetic field affects trajectories of Cherenkimducing electrons Magnetic Field (T)

A Directional Cherenkov signal varies with magnetic field . . . .
A Isotropic scintillation signal should be unperturbed Increase in raw light intensity
A Proper Cherenkovemoval corrects for these changes measured with increase in
A Less dependence on magnetic field strength than ion chambers magnetic field strength

SourceTherriaultProulxet al.,RadiatMeas116, 2018

The Golden Question: ™
How Does A Magnetic Field Affect Scintillation Signal?

A Directional Cherenkov signal is
affected by B field

A Isotropic scintillation signal is not

A Robust noise removal is possible

Scintillators remain an
excellent choice for
e measurement of small
3 lnrHowse, yperspestl] fields, even in
' ' MR-linacs

Magnetic Field (T)

Stem-effect corrected signal

SourceTherriaultProulxet al.,RadiatMeas116, 2018
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Scintillation Imaging for routine MRLinac QA ®

A ICMOS camera mounted at foot of the couch

Amné E mt1é aOAYyGAEEI GA
in the beam path

A 10 fps readout

A 100, 200, or 500 MU per beam measured

A Sensitivity compared to calibrated A28 IC

T Saintlaton Screen ; Tests Performed:
¢ onCramber P A Field profiles (concurrent crogsane
o and inplane)
A MLC shifts
A Picket fence
A Starshot isocenter test (scintillation

™ Change in MU (%) screen upright, parallel to beam) .
Source: Alexandeat al.,Med Phys 47(9), 2020 Q{?

Change in Response (%)

1,68 x 1,66 cm? 2,52 x 249 cm? 3,36 x 3,32 cm? Tasie 1 Field profiles
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Improvements to the image transformation
or imaging geometry could be necesg)’go
SN

Source: Alexandeat al., Med Phys 47(9), 2020 in-plane small field measuremen
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