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Types of radiation

Interaction of ionizing radiation with matter

charged particles inleract
strongly and onze directly

neutral partices interact less,
ionize indirectly and
panetrate farther




Types of radiation

Interaction of ionizing radiation with matter
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Types of radiation

Interaction of ionizing radiation with matter
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Sources of radiation

Natural sources: Cosmic rays (u, e, v) and natural radiation (49K, U, Th ... 222Rn)

Artificial sources: Accelerators for research in nuclear physics, materials, medicine
Reactors for nuclear power generation (or research)
and atomic bombs...



Types of radiation

Interaction of ionizing radiation with matter
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Bananas are a natural
source of radioactive
isotopes.
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Interaction of light charged particles with the matter
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Interaction of radiation with the matter

lonizing radiation has enough energy to ionize (kick off) electrons from atoms
Depends on the energy and the nature of the radiation

Energy at least equal to the binding energy of the electron

MRI Power Line AM/FM v Wireless Satellite Heat Lamp Day light Tanning Medical Nuclear
Static ELF Radiofrequency (RF) and Microwaves nfahed DR ] ; .
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3 PHz 300 PHz 30 EHz

Wavelength 6000 km 300 m 60 cm 30 ¢m 3am 10 pm S00 nm 100 nm 1 nm 10pm

Frequency S0 Hz 1 MHz 500 MHz 1 GHz 10 GHz 30 GHz 600 THz




Why MeV?

In physics, the electron volt (symbol eV, also written electronvolt) is a unit of energy equal to approximately
1.602x10-19 joule (symbol J). By definition, it is the amount of energy gained by the charge of a single electron
moved across an electric potential difference of one volt.

« 5.25 x1032 gV: total energy released from a 20 kt nuclear fission device

« 1.22 x1028 eV: the Planck energy

« 1 x10% eV: the approximate grand unification energy

« ~624 EeV (6.24 x 10?0 eV): energy consumed by a single 100-watt light bulb in one second (100 W = 100 J/s = 6.24 x 1020 eV/s)

« 300 EeV (3 x10% eV = ~50 J):['%! the so-called Oh-My-God particle (the most energetic cosmic ray particle ever observed)

« 2 PeV: two petaelectronvolts, the most high-energetic neutrino detected by the IceCube neutrino telescope in Antarctical'4]

« 14 TeV: the designed proton collision energy at the Large Hadron Collider (operated at about half of this energy since 30 March 2010, reached 13TeV in May
2015)

« 1 TeV: a trillion electronvolts, or 1.602 x10~7 J, about the kinetic energy of a flying mosquito!*5!

« 125.110.2 GeV: the energy corresponding to the mass of the Higgs boson, as measured by two separate detectors at the LHC to a certainty better than 5
sigmal'®!

« 210 MeV: the average energy released in fission of one Pu-239 atom

« 200 MeV: the average energy released in nuclear fission of one U-235 atom

« 17.6 MeV: the average energy released in the fusion of deuterium and tritium to form He-4, this is 0.41 PJ per kilogram of product produced

« 1 MeV (1.602 x 10-13 J): about twice the rest energy of an electron

« 13.6 eV: the energy required to ionize atomic hydrogen; molecular bond energies are on the order of 1 eV to 10 eV per bond

« 1.6 eV to 3.4 eV: the photon energy of visible light

« 25 meV.: the thermal energy kg T at room temperature; one air molecule has an average kinetic energy 38 meV

230 peV: the thermal energy kg T of the cosmic microwave background

mass-energy equivalence!



Interaction of photons with the matter

I- Photoelectric effect
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20 MeV
electrons

Interaction of charged particles with the matter
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Interaction of light-charged particles with the matter

Electrons produced by X-rays in air
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A Path > Range - B Path = Range
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Energy loss by ionization and radiation!
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Interaction of neutrons with the matter
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Charge carriers

Radiation detectors

Visualisation of ion chamber operation

Light emission
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Organic and
: iInorganic scintillators




Plastic scintillators (Organic)

g Timing applications: Faster response, shorter decay

time of the fluorescence.

& Large area coverage at relatively low cost.

@ Coupled to a photomultiplier tube (PMT): Conversion

of light into electric pulse through multiple
multiplication stages (dynodes)

i

Molecular states: de-excitation

by emitting photons
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Crystal scintillators (Inorganic)

S T

PWO LSO LYSO BGO  CeF,

& Spectroscopy: Larger density means higher
resolution and efficiency.

& For better performance are normally used

together with solid state detectors (we will see

this later in this talk!)
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Electronic band structure: scintillation
produced through impurities
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Applications in medical physics

Positron emission and PET scanner

positron-electron annihilation Normal brain Brain with Parkinson disease
® -~
Positron-emitting
radionuclide
e Positron
Electron
e
° —>
511 keV 511 keV
JamMATY Anninilation 2o
Gamma ray
detectors
detector modul
i patient bed
gantry” /
head coll .
bed rails
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Spectroscopy with scintillators

137Cs source: 662 keV

Crystal scintillators (Inorganic)

Plastic scintillators (Organic)
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Remember!
I- Photoelectric effect
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Organic scintillators for gamma-neutron discrimination

Remember!
Neutron moderates with water and carbon
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Atomic Composition

No. of H Atoms per cc (x10%) 3.55
No. of C Atoms per cc (x10%) 410
| D:H Ratio 114:1
D:C Ratio 0.99

No of Electrons per cc (x10%) 2.87

Stilbene 9,10-Diphemylanthracene Q

IR ——— Pom————

1,3,5-Triphenylbenzene Bibenzyl

O
.
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o %5 Neutron

Particles of different ionization powers
produce longer or shorter pulses in the

detector, resulting in different pulse shapes
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Inorganic scintillators for particle discrimination
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(Gaseous detectors

) L . A
-U - -
° Particle Amp

- H|
3 Drifting charges R
Gas due to electric field
_)
:)
()
3 - - :
£ ) - §
S Anode ©

[e.g. wire or plane]

e Primary lonization
* Secondary lonization (due to d-electrons)

Il.- lon Chamber: Measurement of the dose.
Collection of charges

lll.- Proportional counter: Proportionality
between energy and charge collected.

IV.- Geiger-Muller: Counting with high
efficiency gamma radiation, X-rays, and alpha
and beta particles.
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beam

Multisampling ionization chambers
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10 mm

Tracking with gas detectors

Multiwire Proportional Chamber

O =2 mm/sqrt{12)

Proten

Scintillation Counter

[\/—\
Cathode
O O Ancde
Cathode Drilt Chamber
~_ . . 1L
SV 66 66 b6
|~ O O
™~
|~
Gatc_l_r anode

stop

stact

Drift Distance = Deift Velocity * Time
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Cloud chamber

Alcohol vapour condense
to form liquid droplets

around the ionised molecule

Lamp

Plastic lid

4

Felt ring

soaked in alcohol

(to supply alcohol vapour
to the chamber)

Radioactive source
(produces radiation
and cause ionisation
of vapour)

—

e

Dryice
(cools the alcohol vapour
until it is staturated.)

Foam
(Support dry ice)

Alpha-particle tracks:

Beta-particle tracks:

IGamma-ray:

=
=

Thick and straight, with the
joccasional deflection if an alpha
particle collides with an air

imolecule.,

Thin and crooked. The particles
lcause much less ionization and,
being light, are continually

being pushed off; caused by air

molecules nearby.

Don't produce tracks as such.
[The tracks seen are those caused
by electrons which have

absorbed energy from photons

and have escaped from atoms.
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NAL 15-Foot Bubble Chamber @ Fermilab
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Time Projection Chambers

A microscope for nuclear reactions
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Simulation/Reconstruction
Reconstructed vertex
~ |
/

|
|/

\\_,/

Magnetic
rigidity

Tracks of the particles in 3D
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Backup



Scintillation in Organic lonization

Molecules Singlet Triplet
S3 'y
e after absorption of a photon or excitation T
by ionization, the molecule undergoes S: —FHH——
vibrational relaxation to Sio
e the excited S1o state decays radiatively YR s e —
to vibrational sub-levels of the ground Sto —F
state; the S1o lifetime is ~ns 5 N
* thus the fluorescence emission spectrum a g T1- -:::.:"
is roughly a “mirror image” of the 9 0 r
absorption spectrum (same spacing) Q ™ p &
chbbRsadiedsoatbll o connad e L.
e emitted photons have less energy than So ] ::::L::::::::::L:é::::::::'}.’::ﬁl_:
So0-S10 — that’s the important Stokes »
shift

excited triplet state can’t decay to ground
* no S»-Sp emission; internally de-excite in  state (angular momentum selection rules)

picoseconds (non-radiatively) — results in delayed fluorescence and
phosphorescence
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