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- coherent scattering: for very low photon energies (<10keV) and
high Z materials

Interactions: Radiation to Matter



X선, γ선 등 일반 방사선
유리기(free radical, OH-)가 관여
산소(O2)에 의해 DNA 손상 고착

중성자선 등
산소(O2) 필요없음

종양세포에 대한방사선 효과



5) 방사선치료의 원리

치료비 (Therapeutic Ratio)
정상조직과 종양의 방사선감수성 (radiation sensitivity) 차이를

이용



정상조직부작용 종양조절율 치료선
량
A (–)  부적합
B (+)  적합
C               최대 부적합

정상조직과 종양간의
치료적 이득 (therapeutic gain)이 있음

정상조직과 종양간의
치료적 이득 (therapeutic gain)이 거의 없
음



1. 
Accelerators 
for Radiation Therapy



Example of Medical use of Accelerators 

1. Radiation Treatment
- X-ray Radiation Therapy & Electron Therapy 

( Linear accelerator 4~25 MeV/e)

- Proton Therapy 

(Cyclotron, Synchrotron 230 ~ 250MeV/p)

- Carbon Therapy 

(Synchrotron 400~430MeV/u Carbon)

- Born-Neutron Capture Therapy

(Linear accelerator, Cyclotron 10~30 MeV/p)

2. Nuclear Medicine
- Positron Emission Tomography 

(Cyclotron 5~ 20MeV/p)
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X-rays and Electron beam









Proton Therapy



Particle Therapy Systems

Proton Therapy

Carbon Therapy

Born Neutron 
Capture Therapy



Depth dose curve for radiations





1-2. Physics & Biology of PT 



RBE
X-ray: 1.0
Proton: 1.1

Cell survival curves to X-ray & P

Relative Biological Effectiveness (RBE)



RBE of proton and carbon ion beam

Proton beam



1-3. Worldwide particle therapy facilities 

48 Proton and 9 Carbon Ion Therapy Facilities in Operation(2015.09)

North America = 18 Europe = 15+3 Russia = 3 China = 2+2 Korea = 1 Japan = 9+4

South Africa = 1

Taiwan = 1

Under Construction : USA 15, Europe 8+1, Japan 3+1, China 2+1, Korea 1+1, Etc 3. 

Planning stage : Worldwide  15 * Total : Proton 47 + Carbon 3





1-4. Providers for Proton Therapy

Compact Multi Room

ProBeam ProBeam360

Multi Room

Proteus ONE Proteus PLUS

ProBEAT (proton) HyBEAT (carbon ion)

Single Room

ProBeam

Proteus

S250 S250mx SC360



2-1. Accelerators (1)

Cyclotron                                Synchrotron



Compact synchrotron

▪ Fully variable beam energy of 30‐330 MeV ± 0.15%
▪ Time of acceleration up to 330 MeV ‐ 1 sec
▪ Efficiency of the beam extraction ~ 80%
▪ Total weight ‐ 15 tons

2-1. Accelerators (2)



Synchro-Cyclotron

Cyclotron → Synchro-Cyclotron

Diameter : 4m → 1.8m

Weight : 220tons → 40tons

2-1. Accelerators (3)

2~5 nA @ nozzle
10~20 nA @ Accelerator

2 Gy/min



Various Gantry 
Systems

2-3. Gantry

Large & Heavy ➔

Compact & Light Design
Still expensive..



Passive mode Dynamic mode

Proton Beam Delivery Modes 

2-2. Beam Nozzle (1)



Aperture Compensator

Tumor

Normal
Organ

Beam Modulation (Range) & Patient dedicated Devices 

2-2. Beam Nozzle (2)



Pencil Beam Scanning  

Comparison of Dose Distribution

- Passive vs. Spot scanning vs. 

IMPT

- 1field vs. 3fields

2-2. Beam Nozzle (3)



Robotic Couch

2-4. Patient Positioning System (1)



Next Steps – Robotic PPS

• Smarter uses of the Robotic positioners
✓ Haptic motions

✓ Smart trajectories

✓ Vision guidance

• Add tracking software to enlarge 

useable work envelopes

• Improved calibration methods

• Integrate the PPS better with

PAS and Control systems

2-4. Patient Positioning System (2)



Volumetric Image Registration (CBCT)

2-4. Patient Positioning System (3)



2-5. Trend of Proton Therapy Facility

• Particle therapy is in the midst of a remarkable transition

• During the next decade, important advances in proton therapy 
treatment delivery, treatment planning, and quality assurance 
systems will be made.

• IMPT is becoming routine treatment in PT facilities

• More hospital-based, state-of-art of proton facilities will be built and 
increasing PT patients. 



On going technique of Proton therapy

Flash therapy; Ultra high dose rate (~40 Gy/s)

Spatially Fractionated RT



❖ Described by Town et al. (1967) first
❖ Applied to tumors first (Favaudon & Vozenin eta al. 2015)
❖ Bourhis et al. (2019): first patient treatment

Flash therapy



X 240~1000 of conventional RT





Spatially Fractionated therapy
(Grid, Microbeam, Minibeam …)

❖ Kohler (2909): radiation through a “perforated screen” 
creating an effect similar to treatment with multiple small 
pencil beam

❖ Liverson (1933): used this technique for the successful 
treatment of deep seated cancers



Delivery of radiation in clusters of small areas without producing 
prohibitive normal tissue damage to the skin and subcutaneous tissue

Small volume of skin could safely tolerate high doses of radiation

SFRT



SFRT



Grid Compensator MLC based

SFRT



SFRT, micro-beam



Mini-beam

~ mm

SFRT, micro → mini-beam



Carbon Therapy



RBE consideration for heavy ions

Carbon Therapy RBE of C beam 
5    ~    7.5



Carbon Therapy Advantages





Example of Carbon-Beam Therapy Center

HIT

MedAustron

HIMAC-NIRS

HIBMC



World Carbon-Beam Therapy Center
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World Carbon-Beam Therapy Center (under construction)



Positron Emission Tomography?
Positron Annihilation



Single ring positron 
emission tomography (1985)

Clinical Use of PET – Functional Imaging



Glucose metabolism 
18F Fluorodeoxyglucose

Inflammation 
11C D-Deprenyl

Dopamine reuptake 
11C BCIT

D2-receptors 
11C Raclopride

Blood flow 
15O Water

Oxygen Consumption 
15O Oxygen

Dopamine synthesis 
18F Dopa

Central BZ-receptors 
11C Flumazenil

Microglia activation 
11C PK11195

PET Images According to
Radiopharmaceuticals

Amino acid uptake 
11C Methionin

Example of PET imaging 



Nuclide Half-life

C-11 20.3 min.

N-13 10 min.

O-15 124 sec.

F-18 110 min.

Rb-82 75 sec.

Cyclotron

Radio-nuclides Production using Particle Accelerators



A Course of Radiation Therapy



Radiography

• In 1895, Wilhelm Conrad 
Röentgen discovered 
new kinds of ray emitted 
by a gas discharge tube 
that could blacken 
photographic film. 

• The first radiograph. 

Rontgen Museum, Germany



2) 방사선치료의 역사

1895 Roentgen – X-ray 

1898 Curie – Radium (brachytherapy)

1900 Becquerel – radiobiology

1922 Clinical approach(larynx cancer)

1934   Fractionated radiation therapy

1970- Computer Treatment Planning System 

1980- 3D Conformal Radiation Therapy (CRT)

1990- Intensity Modulated Radiation Therapy (IMRT)

2000- Image Guided Radiation Therapy (IGRT)



Radiation Treatment

CT simulation

Organs & Tumors 
Segmentation

Treatment 
Planning

Radiation Treatment & Radiation Dose Distribution on Patient Body



CT simulation

US, MR, PET, …



❖ Usefulness of CT

(a) delineation of target volume and the surrounding structures in relation to the external 

contour → most important

- not only crucial for optimizing a treatment technique

- but also necessary for accurate calculation of dose distribution

(b) providing quantitative data for tissue heterogeneity corrections

❖ The most severe errors in computing the dose distribution are caused by inaccurate delineation 

of the geometric outlines of tissue inhomogeneities rather than inaccurate relative electron 

density for the inhomogeneity

- However, severe dose gradient region in the direction of the beam → greater precision in the 

inhomogeneity outline and electron density are required

- For electron beam therapy, and in regions where electronic equilibrium is not established in 

high-energy photon beam

→ Pixel-by-pixel correction method

- In the case of lung correction, dose calculation algorithms based on electron transport

(convolution/superposition or Monte Carlo) are necessary to provide accuracy of better than 

5%



Segmentation

Image registration

Auto segmentation



RT Planning

• Energy fluence Optimization

• MLC movement optimization

• Dose calculation

• Plan Evaluation

• Machine data interface

• Patient Specific Plan QA



Patient Setup

DRR construction

Patient positioning

Patient Immobilization



RT Treatment

• Image guidance

• Tumor tracking

• Patient monitoring

• Patient shielding



RT Record and Verify



Quality Assurance

Machine QA Patient QA



Radiation Dosimetry



Medical Physics







What Medical Physics Covers

Medical Physics is a branch of Applied Physics, pursued by medical physicists, that uses physics 

principles, methods and techniques in practice and research for the prevention, diagnosis and 

treatment of human diseases with a specific goal of improving human health and well-being.

Medical physics may further be classified into a number of sub-fields (specialties), including 

Radiation Oncology Physics, Medical Imaging Physics, Nuclear Medicine Physics, Medical Health 

Physics (Radiation Protection in Medicine), Non-ionizing Medical Radiation Physics, and Physiological 

Measurement.

It is also closely linked to neighboring sciences such as Biophysics, Biological Physics, and Health 

Physics.

















Therapeutic 
Medical Physicist















Research Area

• Imaging: X-ray, CT, MRI, PET, US, …, new imaging modality

• Image reconstruction algorithm, noise reduction, deformable image reconstruction, 
image processing,

• MR sequence

• RT technology1: photon, electron, proton, helium, carbon, …, Brachytherapy

• Scattering, pensile beam scanning, …

• RT technology2: IMRT, VMAT, Gating, IGRT, ART

• RTP: optimization, dose calculation

• Immobilization technology, 

• Quality Assurance: Dosimetry technology, application, QA protocol

• Patient Safety: collision detection/avoidance, surface imaging

• Clinical research: clinical outcome, 

Tools: Statistics, Programming, MC, AI (DL)



Physics meets biology : 
from physical  to biological conformality

Ling Red J 47 p557 2000



Technology Clinic

Science

Medical Physics

Medicine
Radiation Oncology

Medical
Engineering

Mathematics
Physics
Chemistry
Biology
…


