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Particle Dose Distribution

* Unlike X-rays,

Char:ged 12071 electrons (21 MeV)
particles stop! 00 < carbon (270 MeV/u)
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UCL HEP to PBT

sources

« Since 2011, involvement has grown N7 Somain s
from facility design assistance to | g1
detector development. TEEE

* What technological solutions will
assist clinical workflow? Preten-GC+
Quality Assurance.

« SuperNEMO experiment measures
beta decays from radioactive
source with high precision:

— Plastic scintillator modules record beta
energy with nanosecond timing.

« What applications in PBT are there
for fast water equivalent plastic
scintillator...?
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b s Enter the QUARC

Ay
Wan
« The Quality Assurance Range Calorimeter
(QUARC) constructed from plastic

scintillator:

— Protons intercepted by a series of optically-
isolated polystyrene scintillator sheets.

— Measure light output with photodiodes.

— Light output of each sheet nonlinear to dose, but
guenching described by Birks’ Law:
« Fit data with analytical depth-light model.

* Reconstruct Bragg depth-dose curve and measure
proton range.

— Photodiodes coupled to fast, modular
electronics and an FPGA to read light levels at

over 5 kHz.

— FPGA connects to on-board PC (Raspberry Pi)
via USB.

— Connection to on-board PC via ethernet/WiF..
« Key benefits:
— Plastic scintillator inexpensive and water-
equivalent.
— Range reconstructed with single beam delivery.
— Easy detector setup and no optical artefacts.
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Bragg Peak: 100 MeV

Run053_a (E =99.49MeV, RO = 76.82mm)

-
=

—— Measured PDL

oo

o
I|'I|'I|I|f||||||'||||

|

MNormalised Charge

|

ﬂIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|I||II|JII|

20 30 40 50 60 70 80 90
Water-Equivalent Thickness (mm)

=
—y
=

S Jolly, UCL: Proton Beam Therapy 03/10/2025



Bragg Peak: 100 MeV

Run053_a (E = 99.49MeV, RO = 76.82mm)
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Bragg Peak: 100 MeV

Run053_a (E = 99.49MeV, RO = 76.82mm)
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Bragg Peak: 100 MeV

Run053_a (E = 99.49MeV, RO = 76.82mm)
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More Bragg Peaks

170 MeV 245 MeV

Run044_a (E = 170.22MeV, RO = 195.78mm) Run025_a (E = 243.43MeV, RO = 365.09mm)
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Energy Comparison

Side A: Left hand Side
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Spare Slides
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QUARC Single Module Assembly JCL
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QUARC Detector Assembly muciZ_
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QUARC Design Brief

* Able to make direct range
measurements.

* Quick to set up: mountable to
clinical nozzle.

. Rob_ust: will survive a clinical
environment.

« Easy to use: simple set up and
interface.

 No software installation: on-board
DAQ controlled through web
browser.

« Easy to maintain: modular
assembly so repair and upgrade
straightforward.
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UCLH Beam Tests

« Beam tests at UCLH to evaluate
photodiode performance with
clinical beams.

* Detector setup with 4 modules
(32 sheets, 96 mm total depth
per module) to test pencil beam
energies between 70-245 MeV.

* Determine range reconstruction
accuracy and demonstrate fast
live range reconstruction
capabilities with web GUI.
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UCLH Beam Test Setup ”‘“UC|Z5.
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