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Introduction

» Radiation therapy (RT) is a cancer treatment method
that uses radiation to kill cancer cells, and many
cancer patients are currently receiving this treatment.

» Proton therapy is a kind of RT that utilizes a proton
beam and provides better sparing of normal organs
compared to X-ray because of a physical property,
called Bragg-Peak.

» FLASH radiotherapy is currently undergoing extensive
research for clinical application, which is a technique
irradiating the tumor with a beam having an ultra-high
dose rate ( > 40 Gy/s) in a very short time ( < 500 ms).

» Mechanism: Oxygen depletion, immune modification.

» Advantages: Reducing treatment duration,
normal tissue sparing
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Introduction

* Pencil Beam Scanning (PBS)

= Afew millimeter-sized proton beam is moved by x, and y scanning magnets following
the target.

= PBS provides better conformal dose distributions than passive scattering proton therapy.

Focusing Scanning Scanning
Magnets Magnet (SMX) Magnet (SMY) Target

» We study the utilization of PBS to FLASH proton therapy as a kind of irradiation
method.
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Introduction

« Current scanning speed of NCC system: 21 m/s
(crossline), 3 m/s (inline)

— Insufficient for FLASH PBS

 For the FLASH PBS, the development of a
high-speed PBS nozzle is required.

« Conceptual design study is ongoing.

— What we are mainly focusing on developing Expérimental
is a pair of scanning magnets (x, y) Beamline
having high scanning speed: ~ 90 m/s (x), o E—
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— The geometrical specifications of scanning — xsmws
magnets were similar to those of e
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conventional scanning magnets. e e e
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* The nozzle was designed for compatibility with
the NCC cyclotron’s experimental beamline.
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Nozzle Overview

Profile Monitors
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Quadrupole Triplet Scanning Magnets
« — >
Name Purpose Key specification

- Providing Iso-symmetric beam

- Controlling beam size Required beam size: 4 ~ 10 mm (1 o)

Quadrupole Magnet

Scanning Magnet X x direction beam scan

: — Irradiation Range: 16 x 16 cm?
Scanning Magnet Y y direction beam scan

2D Beam Profile Measuring beam size and : _
: . Measuring range: 4 cm
Monitor emittance
lon Chamber - Measuring dose profile 128 ch x 2

- Microdose rapid feedback

Target System Target control, monitoring, etc.
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Phase space beam distribut

+ Spot size: 4 mm ~ 10 mm
 Initial beam parameters

- Gaussian Beam

- Kinetic Energy: 230 MeV

- Twiss parameters
B>20m, a~0, €y <7m- mm- mrad forall axes
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Width 35.6 cm
Height 35.6 cm
Hole Radius 3.25 cm
Coil Current (l) 50 A
Coil Length 43.8 m/pole
Coil Diameter | Outside 6 mm
Inside 4 mm
Field Gradient -6.357 | T/m
Stored Energy (U) 35.2 J
Inductance (L) 0.0282 | H
Operation Voltage (V) 6.450 |V
Good region ratio (0.5%) |92.56 | %
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Scanning Magnet X
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Width 24 cm
Height 22 cm
Pole Gap 5 cm
Coil Current (1) 310 | A
Coil Length 8.1 m/pole
le 10 mm
4 mm
0139 | T
17.26 | J
0.359 | mH
1.017 |V
>%) 9112 | %
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Scanning Magnet Y
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Cooling System

Parameter Quadrupole | SMX SMY
Circuit Resistance (R) 32.248 mQ | 1.641 mQ 3.797 mQ
Circuit Voltage (V) 1.612V 0.509 V 1443V
Required Power 0.081 kW 0.158 kW 0.548 kW
Number of Cooling circuit | 1 1 1

Inner diameter 4.0 mm 4.0 mm 4.0 mm
Path length 43.808 m 8.063 m 18.661 m
Cooling water volume 0.697 I/min | 2.605 I/min 1.611 I/min
per circuit

Pressure drop 2.0 bar 3.6 bar 3.6 bar
Temperature change 1.7 °C 0.9 °C 4.9 °C
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* Quadrupole

« Max. Gradient: 6.3 T/m,
» Effective Length 29.64 cm
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« Max. Field Strength: 0.139 T,
» Effective Length: 38.3 cm

November 9, 2023 ICABU 2023



G UN/y
O o)

n g -,

) 0

D E I n .,
Dot

« Scanning Magnet Y

« Max. Field Strength: 0.152 T,
» Effective Length: 36.4 cm
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Conclusion

« Status

1. Beam Optics
[ O ] Quadrupole triplet design
[ O] Iso-symmetric, dispersion-free beam

2. Scanning Magnet
[ O ] Quadrupole triplet design
[ O ] 2D magnetic field analysis and tunning
[ O ] 3D magnetic field analysis and tunning by Opera 3D
[ A] Power supply specification

3. Simulation
[ A] Geant4 Simulation

« Todo
- Validation of Geant4 Beam Tracking
- Drawing CAD
- To Finish Design, Realistic FLASH PBS Optimization Using Geant4 Code
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