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Interaction of lons with Matter
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Hadron beams slow down and stop, depositing
the energy at the very end of the pass
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Radiation Effects
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% Hadron beams slow down and stop, depositing the energy at the very end of the pass.
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% y-rays deposit the energy evenly through the tissue.
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Radiation Effects

Photons (6 MeV)
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Physics and Biology of Radiation Therapy
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Physics and Biology of Radiation Therapy

Low LET

homogeneous deposition of dose

High LET

Local deposition of high doses

LET: linear energy transfer
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Treatment of Disease

DNA-molecule
with a passing C-ion

before treatment
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Treatment of Disease
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Radiation Effects
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Radiation Effects
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Radiation Effects
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Radiation Effects
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Radiation Effects
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Radiation Effects
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magnetic deflector

intensity controlled

raster scan procedure

lon Beam Therapy
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lon Beam Therapy
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lon Beam Therapy
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lon Beam Therapy
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PET - Camera

_ PET-camera
monitor system
lon beam 1\ 2| 3

head
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Course of Disease

before treatment after treatment with ion beam
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Course of Disease

before treatment 6 weeks after treatment
with Carbon ion beam

Hans-Jurgen Wollersheim - 2022 (=



Heidelberg lon-Beam Therapy Center (HIT)
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Heidelberg lon-Beam Therapy Center (HIT)
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Heidelberg lon-Beam Therapy Center (HIT)
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Radiopharmaceuticals

2.1. y AV I 4
p’ d’ 3He, 4He beams TABLE 2.1. THE RADICISOTOPES THAT HAVE BEEN USED AS

Isotopes used for PET, SPECT and

Brachytherapy etc.

Isotope

Oveen-15
Palladi - 1003
Sodinm-22
Stromtiom-82
Technetium-24m
T hallium-2i1
Tungsten-172
Wanadium-42&

TEACERS IN THE PHYSICAL AND BIOLOGICAL SCIENCES
[sotope Isotope
Actininm-225 Fluorine-1%5
Arsenic-T3 Coallivm-67
Arsanic-T4 Cormanminm-is
Astatine-211 Indium-110
Beryllium-7 Indinm-111
Bismuth-213 Indium-114m
Bromine-75 Iodine-120g
Bromine-Ta Iodine-121
Bromine-77 Iodine-123

Cadniiom- 104
Carbon-11
Chlorine-3m
Cobalt-55
Cobali-57
Copper-ol
Copper-6d
Copper-67

Lodine-124
Iron-52
Iron-55
Krypton-Sim
Lead-201
Lead-203
Mercury-195m
Mitrogen-13

Xenon-122
Xenon-127
Yiirium-86
Yitrinm-28
Finc-62
Zinc-63
Firconium-&9
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Radioisotope production

= Accelerators (compact
cyclotrons or linacs) are used to
produce radio-isotopes for
medical imaging.

= 7-11 MeV protons for short-
lived isotopes for imaging

= 70-100 MeV or higher for
longer lived isotopes.

Annihilation

Coincidence
Processing Unit

Sinogram/
Listmode Data

Image Reconstruction

= Positron emission tomography (PET) uses Fluorine-18, half life of ~ 110 min
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Radioisotope production

= Fluorodeoxyglucose or FDG carries the 18F to areas of high metabolic activity
= 90% of PET scans are in clinical oncology
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X-Ray Radiotherapy

Foil to produce X-rays

Collimation system

Varian medical system
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X-Ray Radiotherapy

Linear Accelerator

+\
v Very high energy
S Very high
— : intensity

Thermionic Gun Accelerate

(few million volts)

X-ray radiotherapy source
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X-Ray Radiotherapy

Hans-Jurgen Wollersheim - 2022 (=



Equipment Sterilization

Manufacturers of medical disposables have to kill every germ
on syringes, bandages, surgical tools and other gear, without
altering the material itself.

E-beam sterilization works best on simple, low density
products.

Advantages: takes only a few seconds (gamma irradiation can
take hours)

Disadvantages: limited penetration depth, works best on
simple, low density products (syringes)

The IBA rhodotron — a commercial
accelerator used for e-beam sterilization
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