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Radiation Interaction

1. charged particles
2. -rays
3. neutrons

Charged particle 
Radiations

Uncharged 
Radiations

heavy charged particles

(typical distance 10-5m) 

neutrons

(typical distance 10-1m)

Fast electrons

(typical distance 10-3m)

X- and -rays

(typical distance 10-1m)

Continuous interaction 
via Coulomb force

with electrons in the medium

- NO Coulomb Interaction

- “catastrophic” interaction which alters
     the particle properties in a single hit 
     [often it involves the nucleus]

- Full/partial transfer of energy 
  to atomic electrons or nuclei



Importance for Radioprotection



Charged Particles
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From elastic collisions between 

incoming particle  m1, vi,1  and  electron at rest

Maximum energy transfer
To atomic electron

Example:  proton transfer 1/500 Ep in a single collision !!!
                    
                   mp  = 1836 me 2000 me

A REMINDER



Maximum energy transfered from charged particle to electron is 

4Em0/m = 1/500  of the particle energy per nucleon

→ loss of energy by many interactions, gradual process

Penetration distance
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Bethe-Bloch Quantum Mechanical Equation
 (for heavy particles  M >> me,  = v/c)
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PHENOMENOLOGICAL MODEL OF ENERGY LOSS IN MATTER
Bethe et al. (1930-1953): Lindhardt’s electron theory describes energy loss (estimated 

trends and order of magnitude) via ionization of target with incoming ions fully stripped. 

IE = ionizing energy

Zp = Z of particle

v = particle velocity



 

for vc; 1

Wide minimum

Additional corrections:

Bethe-Block formula
it is accurate up to the minimum in energy loss
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Very useful method to separate ions up to more than A = 30

APPLICATION: PARTICLE IDENTIFICATION



Absorbed dose (also known as total ionizing dose, TID) :  

energy deposited in a medium by a ionizing radiation per unit mass 

Unit of measurements: 
Joules/Kilogram = 1 gray (Gy) in SI or rad in GGS             

N.B. The absorbed DOSE depends on: Incident particle and Absorbing material 
Example: an X-rays can deposit up to 4 times more energy in a bone than in air and none at all in vacuum! 
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THE BRAGG PEAK
Application to medicine

Absorbed Dose

D = dE/dm

dE = enery deposit

dE = mass



The Gantry
(beam line extraction

and heavy magnet) 

can rotate 360°
around the patient

Synchrotron Accelerator 
25 m diameter, 80 m circumference

250 MeV protons, 4800 MeV Carbon  

Whole-body 

proton therapy

with the gantry

Pavia, Italy



-ray interaction
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ionization occurs 
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(process in competition 

with X-rays emission)

1. PHOTO-ELECTRIC
ABSORPTION
interpreted by Albert Einstein in 1905

Nobel Prize
in Physics 1921

A. Einstein for 
fotoelectric effect



X-rays emission Auger-electrons

work function of material

(minimum energy 

to extract e- from material)

A REMINDER (from atomic physics)



2. PHOTON SCATTERING 

(COMPTON EFFECT)
discovered in 1923 by Arthur Holly Compton

while researching the scattering 

of X-rays by light elements

Nobel Prize
in Physics 1927

A.H. Compton
for photon scattering

Important 

source 

of backgroud 

in radiation 

detection



3. PAIR PRODUCTION
First observed in 1933 by Patrick Blackett 

in counter-controlled cloud chamber

Nobel Prize
in Physics 1948

cosmic rays investigation 

and controlled-cloud

(performed with G. Occhialini!!!)



outcoming

(Z +)  → e− + e+

Pair Creation by High-Energy  rays
First observation in Bubble Chambers



NOT only Interactions with atomic electrons ...



Interaction of Neutrons

With Matter

▪ Neutrons interactions depends on energies:  from  > 100 MeV  to < 1 eV 

▪ Neutrons are uncharged particles:  

 No interaction with atomic electrons of material   
 interaction with the nuclei of these atoms

▪ The nuclear force,  leading to these interactions, is very short ranged

 neutrons have to pass close to a nucleus to be able to interact 
≈ 10-13 cm (nucleus radius)

▪ Because of small size of the nucleus  in relation to the atom,

neutrons have low probability of interaction

 long travelling distances in matter



n = 885.7 ± 0.8 s    ≈ 14.76 min

Long lifetimes  before decaying possibility to interact

 n physics …

x Free neutrons are produced in nuclear fission and fusion 

x Dedicated neutron sources like research reactors and spallation sources

produce free neutrons for the use in irradiation neutron scattering exp. 

++→ −epn

N.B. Vita media del protone: p > 1.6*1033 anni
età dell’universo: (13.72 ± 0,12) × 109 anni.

         
        beta decay                                  can only occur with bound protons 

m_p = 938.27208816(29) MeV/c2

m_n = 939.565378(21) MeV/c2
m_p < m_n

A REMINDER 

While bound neutrons in stable nuclei are stable, FREE neutrons are unstable; they 

undergo beta decay with a lifetime of just under 15 minutes 



A. Serebrov et al., Phys. Lett. B 605 (2005) 72

A.T. Yue et al., Phys. Rev. Lett. 111 (2013) 222501

Z. Berezhiani and L. Bento, Phys. Rev. Lett. 96 (2006) 081801

G.L. Greene and P. Geltenbort, Sci. Am. 314 (2016) 36

A discrepancy of 

more than 8 seconds (1%) !!!!

https://www.scientificamerican.com/article/neutro

n-lifetime-mystery-new-physics/
A possible source of dark matter ?

From 2016 Istitut Laue-Langevin (ILL, Grenoble) Annual Report

A REMINDER: The neutron lifetime puzzle



5. Spallation Reactions:  high energy neutrons (> 150 MeV)                                                               

may strike a nucleus producing a shower of secondary

particles  (very harmful …) 

Always heavy charged particles (NOT electrons as in the case of  interaction)

Nuclear Interactions of neutron



Therminology (often used)

1) High Energy neutrons: En > 100 MeV

2) Fast Neutrons: 100 keV < En < 10 MeV

3) Epithermal Neutrons:    0.1 eV < En < 100 keV

4) Thermal/Slow Neutron:     En = 1/40 eV

5) Cold/Ultracold Neutrons: En < meV … eV



  1/v         En < 1 keV

resonances En > 100 keV



Principle of neutron detection

▪ Conversion of incident neutron into secondary charged particles

▪ Direct detection of charged particle

Relative probabilities of different interaction change rapidly with En

  Cross section are sizable only at very low energy (slow and thermal n)

slow neutrons  (En < 0.5 eV): 
- elastic scattering (NOT favorite for detection of scattered nucleus:

                                little energy given to the nucleus to be detected)
- neutron-induced reactions creating secondary radation with sufficient energy

  for example radiative capture (n,) or (n,), (n,p), (n, fission)

   

fast neutrons:
- scattering probability becomes greater: large energy transfer in one collision

  neutron loses energy and is moderated/slowed to lower energy

Best moderator is hydrogen 

[it can get all n-energy in one collision !]



Slowing down of neutrons by elastic nuclear collisions:
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Scattering angles:

min = 0°
max = 180°
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elastic scattering on proton

elastic scattering on uranium

After 1 collision the neutron energy is uniform between 

Emin= (A-1)2/(A+1)2E0 and Emax = E0

BUT:  each neutron scatters many times 

           we need to calculate repetedly the energy loss 

principle of neutron energy moderation (with water) 

for efficient  use of fission reactions in reactors. 
REMINDER: (n,) on 235U = 586 b for En = 0.025 eV 

Moderator Average collision 

number for a slowing 
down from 1.75 MeV 
to 0.025 eV

Hydrogen 18

Deuterium 25

Beryllium 86

Carbon 114

Average energy loss of the neutrons per collision:

( )( ) −=−=
+
− 2

1A
1A

2
1

E

E

E

EΔ
11

n

n

n

n

( )
  2

n

n

1A

A2

E

EΔ

+
= = 50% for A=1


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

