
Richiami su radiazioni ionizzati 
e 

 interazione radiazione materia 
 





n  The EM radiation also exhibits corpuscular characteristics.  
n  The concept of the photon is introduced. 

c= 299792458 m/s ~ 3 x 108 m/s 

Photon energy 



Electron shell designations and orbital filling rules 



n  Electron charge: 1.602 x 10-19 C 
n  Masses 

n  Mass of the proton mp: 1.673 x 10-27 kg = 1.007 amu 
n  12 amu (atomic mass unit) is the weight of 1 mole of 12C 
n  one mole of a substance is the Avogadro number NA of atoms 
n  NA = 6.022 x 1023 mol-1  

n  Mass of the neutron mn: 1.675 x 10-27 kg = 1.009 amu 
n  Mass of the electron me-: 9.109 x 10-31 kg = 1/1836 mp 

n  Dimension 
n  Atomic radius ~ 10-10 m 
n  Nucleus radius ~ 10-15 m 

n  Note that the core is 5 orders of magnitude smaller than the atom 



Orbital binding energy 
The energy required to remove an orbital electron completely from the atom is its orbital binding 
energy. For ionization the energy transfer to the electron must be equal or exceed its binding 
energy. Binding energy  increases with Z.  

Energy required to remove 1 electron from K shell to Lshell is: 
 Hydrogen (Z=1):   13.5 eV – 3.4 eV = 10.1 eV 
 Tungsten (Z=74):  69500 eV – 11000 eV = 58500 eV (58.5 keV)   



Radiation from electron transition 



Not all electromagnetic radiations can cause ionization. 
In general, photons of higher frequency than far UV region of EM 
spectrum (i.e. wavelenght  > 200 nm) have sufficient energy to remove 
bound electrons from atomic shell, producing ionized atoms and 
molecules.  
Radiation in this range of the EM spectrum is called ionizing radiation 
(i.e. x-rays and gamma rays). 
EM with photon energies in and below the UV region (i.e. visible, 
infrared, terahertz, microwave and radiowaves) is called non ionizing 
radiation. 
The threshold energy for ionization depends on the type of matter. 
The minimum energy necessary to remove an electron from calcium, 
glucose and liquid water  are 6.1, 8.8, 11.2 eV, respectively. 
Water is the most abundant  molecular target in the body, so a practical 
radiobiological demarcation between ionizing and non ionizing EM 
radiation is about 11 eV. (lowest energy to produce ionization in water). 

Ionizing radiation 



Characteristic X-rays 



Auger electrons 

De-excitation of a tungsten atom. Electron transition filling a vacancy in an orbit closer to the 
nucleus accompanied by emission of an Auger electron (kinetic energy 67 keV-2.5 keV) 



Fluorescent Yield 



Excitation and de-excitation with 
subsequent release of EM 
radiation 

Ionization and production 
of delta rays 

Charged particle interaction with matter 



Specific ionization and charge particle tracks 



Bremsstrahlung spectrum  



Bremsstrahlung 

Bremsstrahlung emission per atom is proportional to Z2 and inversely proportional to the 
square mass of the incident particle ~  Z2/m2 
The energy of the Bremsstrahlung x-ray photons can have any value up to the entire 
kinetic energy of the deflected electron. 



n  Photoelectric effect 
n  Rayleigh scattering 
n  Compton scattering 
n  Pair production (above 1.022 MeV) 

X-ray interaction with matter 

The 4 major interactions of x-ray and gamma-ray photons with matter are: 





In Rayleigh scattering no ionization occurs: the energy of the scattered photon is equal 
to the incident photon  
In Rayleigh scattering the incident photon interacts with the total atom and excites. It 
occurs mainly with very low energy x-rays (such as those used in mammography). The 
electric field of the incident electromagnetic wave expends energy, causing all of the 
electrons in the atom to oscillate in phase.  The atom’s electron cloud radiates this 
energy, emitting a photon of the same energy but with a slightly different direction.  

Rayleigh scattering  



Rayleigh scattering  



Photoelectric effect 



Photoelectric effect 



Photoelectric effect 
The probability of photoelectric absorption per unit mass is approximately 
proportional to Z3/E3, where Z is the atomic number and E the energy of 
the incident photon. 
In photoelectric absorption there are no scattered photons to degrade the image. 
 
 Since the probability of photoelectric interaction in proportional to 1/E3, image 
contrast decreases when higher energies are used for imaging. 
For example, the probability for iodine (Z=53) is (53/20)3 or 18.6 times greater 
than in calcium (Z=20) for a fixed x-ray energy  



Photoelectric effect 



Photoelectric effect 



Compton scattering 
Compton scattering  (inelastic scattering) is predominant interaction in diagnostic energy 
range of soft tissue  above 26 kev and also up to approximately 30 MeV.     An incident 
x-ray with energy E0 interacts with an outer- (valence) shell electron which is ejected. 
For conservation of energy and momentum: 

E0 = Esc + Eelectron 



Compton scattering 

The energy of the scattered photon can be calculated from the energy of the incident 
photon and the angle of the scattered photon with respect to the incident trajectory 



Compton scattering: angular distribution 



Compton vs. Photoelectric 



Pair production 



Pair production 

Pair production does not occur at diagnostic x-ray  energies 


