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Nuclide

Half-life

Type of change

Nuclide

Half-life

Type of change

rubidium-87

5.7 x 1010 years

beta

iron-59

45 days

beta

thorium-232

1.39 x 1010 years

alpha

phosphorus-32

14.3 days

beta

uranium-238

4.51 x 107 years

alpha

barium-131

11.6 days

clectron capture
and positron

uranium-235

7.13 x 10° years

alpha

iodine-131

8.06 days

beta

plutonium-239

2.44 % 10% years

alpha

radon-222

3.82 days

alpha

carbon-14

5730 years

beta

gold-198

2.70 days

beta

radium-226

1622 years

alpha

krypton-79

34.5 hours

clectron capture
and positron

cesium-133

30 years

beta

carbon-11

20.4 min

positron

strontium-90

29 years

beta

fAuorine-17

66 s

positron

hydrogen-3

12.26 years

beta

polonium-213

42 %105

alpha

cobalt-60

5.26 years

beta

beryllium-8

1 %1016

alpha
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dE/dx

Particle Data Group:

pdg.lbl.gov/2016/reviews/rp
p2016-rev-passage-
particles-matter.pdf

Different detector materials

(remember density!)

dE/dx depends on

By = p/(Mc)
— at a given p, dE/dx is
different for particles with
different mass M

~
N

=
3
|
)
>
0
Z
3
3

T T TTTTTT T TmTTTTTT T T TTTTT T T TTTT

AVR\V L
W\, !

H, liquid

A L N
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1.0 10 100
By = p/Mc

0.1 10 10
Muon momentum (GeV/c)

1 L1 1111l

10000G

1000

100
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1 1 lllllll
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Pion momentum (GeV/c)
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Rieton momentum (GeV/c)
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Bethe-Bloch equatio'

Considering quantum mechanical effects:

_32

B AR |2 = 12

3 <dE> _ Kz2Z 1 [1 2mec? 3272 Tnax

[-P]

K =4mnNare?mec? = 0.307 MeV g' cm?
Tmax = 2mMeC?B2y2/(1 + 2y me/M + (Me/M)?)

[Max. energy transfer in single collision]

Charge of incident particle
Mass of incident particle

Charge number of medium
Atomic mass of medium

Mean excitation energy of medium

l.‘dens'rty
Na = 6.022-10%°
[Avogardo's number]

re = e€%/4rgomec? = 2.8 fm
[Classical electron radius]

me = 511 keV

[Electron mass]

B = v/c

[Velocity]

y = (1-9

L fa

Lorentzfactod \zalidity:

.05 < By < 500

Density correction [transv. extension of electric field] M > my

S.Masciocchi@gsi.de Interaction of particles with matter, April 27, 2017

1




dE/dxmm different materials

ol
o

dE/dX depends on A, Z of target material

o]

By= 3.5 broad minimum
- minimum ionising particles (MIP)

A OO

w

H, Z/A=1  dE/dX_, =4 MeV /(g/cm?)
others Z/A= 0.5 dE/dX,,, = 2 MeV /(g/cm?)

‘\',,
=
(&)

‘o
]
©
=
S
(8]
L1y
P

1 1 01 AR dE/dX_ . = 1-1.7 MeV /(g/cm?)
10 100 1000 10000
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Table 26.4 Some Commonly Used Radioisotopes in Medicine

Radioisotope Half-Life Radiation Applications

Technetium-99m “6h Y Most widely used

Iodine-123 13h 0 SPECT brain imaging

Carbon-11 20 min et PET

Iodine-131 *8.1 days B,y Thyroid disorders

Phosphorus-32 *14 days B Large variety of uses in biology
and medicine

Thallium-201 74 h 0% Heart imaging

Gallium-67 78 h Y Tumor imaging

Chromium-51 *28 days y Red blood cell survival

*Produced in nuclear reactors; otherwise produced in an accelerator.
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Department of Nuclear Medicine > About us > Center for Radiopharmacy (CRP)

Center for Radiopharmacy
(CRP)

The CRP is since 1993 the Swiss leading manufacturer of
radioactive pharmaceuticals which are used in the
nuclear medicine diagnostic by positron emission
tomography (PET). These so-called PET-Tracers are
molecules containing a very short lived radionuclide
which decays by emission of positrons. Inmediately
after their manufacturing, they are intravenously
administered to the patient and they rapidly distribute
through the body. Because the radionuclides contained
in PET-Tracers decay very fast, in most cases there will
be no radioactivity left in the body after a few hours of
their administration.

The use of non-personal cookies enables you to make the best use of our website. By clicking on "Accept all cookies" or




Licensed products

18F-Fluoroglucose ZRP: Imaging of regional glucose consumption in

cardiology, neurology and oncology
18F_Fluorocholine ZRP: imaging of prostate or parathyroid cancer

18F—Fluoethyltyrosine ZRP: Imaging of amino acid metabolism in the

diagnosis of brain tumors

18F_Sodium fluoride ZRP: Imaging of bone to detect abnormally

altered bone formation activity

18F—Vizc:1my|: Imaging of the density of neuritic B-amyloid plaques in
the brain of adult patients with cognitive impairment who are being

evaluated for Alzheimer's disease

Non licensed

BN-ammonia: Imaging of myocardial perfusion
150-Water: Imaging of regional brain perfusion

68Ga-DOTATATE ZRP: Imaging of neuroendocrine tumors with

somatostatin receptors
68Ga-PSMA 11: Imaging of prostate cancer

18F-PSMA 1007 ZRP: Imaging of prostate cancer




Table 26.3 Typical Human Radiation Doses

Source Annual Dose (Sv)
Cosmic rays ADE] (Ot
Cosmic rays (in high altitude airplane) 7 X 107 Sv/h
Radioactive ores (external exposure) &% 107
Ingested materials (mainly potassium) 2. %4104
Inhalation of radon DeXEl O
Diagnostic x-rays 1:Xs1058
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Table 26.2 Relative Biological Effectiveness (RBE)
of Different Types of Radiation

Type of Radiation RBE

200 KeV x-rays 1

Yy 1

B 1

0% 20

Neutrons (fast) 10

Protons 10
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4 D 6
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Source: American Family Physician
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These images show the areas exposed to radiation during treatment.
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The US National Ignition Facility, which uses laser-driven inertial
confinement fusion, was designed with a goal of break-even
fusion; the first large-scale laser target experiments were
performed in June 2009 and ignition experiments began in earl
2011.[7][8] On 13 December 2022, the United States
Department of Energy announced that on 5 December 2022,
they had successfully accomplished break-even fusion,
"delivering 2.05 megajoules (MJ) of energy to the target,
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https://en.wikipedia.org/wiki/National_Ignition_Facility
https://en.wikipedia.org/wiki/Inertial_confinement_fusion
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m swissinfo.ch Swiss perspectives in 10 languages

How a Swiss start-up
QAIl @ News [ Images © Maps [ Videos : More WantS to relnvent
About 147 results (0.21 seconds) nuclear energy

B swissinfo

IO Te CITarg T

transmutex

How a Swiss start-up wants to reinvent nuclear energy

Transmutex is developing a new type of nuclear reactor that burns thorium
instead of uranium. These power plants would be able to produce...

30 Jan 2022

B Innovation Origins

A Swiss company are developing a nuclear reactor powered

Transmutex's solution is the transmuter — a nuclear system activated by a
particle accelerator. With it, they want to create nuclear power using...

14 Mar 2022

@ Heidi.news
Transmutex peut-elle ressusciter le nucléaire suisse?

Basé sur un accélérateur de particules et un matériau sous critique, le thorium,
la technologie de Transmutex évite le risque de perte de...

6 Dec 2021

D Le Temps
L'émergence, a Genéve, d'une énergie nucléaire presque ...

Une entreprise genevoise, Transmutex, veut créer une centrale qui ne génére
presque pas de déchets radioactifs et au fonctionnement sar.

23 Dec 2021

A Nuclear power generates about 10% of the electricity consumed in the world. Keystone / Giroscience / Science Photo
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