
Physics of  
Particle Detection

Narongrit Ritjoho 
School of Physics, Institute of Science,  

Suranaree University of Technology 
29.04.2023

Picture: https://home.cern/science/experiments/atlas



CERN-CMS



CERN-ALICE



CERN-ALICE-ITS



CERN-ATLAS



IceCube Detector

Aims 
1. Source of high energy neutrinos 
2. Indirect dark matter  
3. Neutrino oscillation 
4. Galactic supernovae 
5. Sterline neutrino
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Radiation Sources
Categories

1. Fast electrons : beta+/- 

2. Heavy charged particles : alpha, proton, ions, fission 
products, nuclear reaction products 

3. Electromagnetic radiations : gamma rays, X-rays 

4. Neutrons : slow/fast neutron



Specific activity
Radiation Sources



Fast electron source : Beta Decay
Radiation Sources



Fast electron source : Internal Conversion
Radiation Sources



Fast electron source : Internal Conversion
Radiation Sources



Heavy Charged Particle Sources : Alpha Decay
Radiation Sources



Heavy Charged Particle Sources : Spontaneous Fission

Picture: https://www.arpansa.gov.au/understanding-radiation/what-is-radiation/ionising-radiation/radiation-decay

Radiation Sources



Electromagnetic Radiation : Gamma rays/X-rays
Radiation Sources



Electromagnetic Radiation : Annihilation radiation

Picture: https://alevelphysics.co.uk/notes/particle-antiparticle-photons/

Radiation Sources



Electromagnetic Radiation :  
Bremsstrahlung & Characteristic X-rays

Picture: https://www.ncbi.nlm.nih.gov/books/NBK546155/figure/ch7.fig8/

Radiation Sources



Electromagnetic Radiation :  
Bremsstrahlung & Characteristic X-rays

1. Excitation by Radioactive Decay 
 
 
 
 

2. Excitation by External Radiation

Radiation Sources



Electromagnetic Radiation : Synchrotron Radiation

1. From bending magnet 2. From undulator 3. From astronomical 
source

Picture: https://en.wikipedia.org/wiki/Synchrotron_radiation
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Neutron sources

1. Spontaneous fission 
 

2. Radioisotope source (𝛼,n) 
 

3. Photoneutron source 
 

4. Reaction from accelerated charged particles

Radiation Sources



Neutron sources
Radiation Sources



Neutron sources
Radiation Sources



Neutron sources
Radiation Sources



Radiation Interactions



Radiation Interactions
Nature of interactions



Radiation Interactions
Stopping power



Radiation Interactions
Energy loss : Bragg Curve



Radiation Interactions
Energy loss : Energy straggling



Radiation Interactions
Range



Radiation Interactions
Range



Radiation Interactions
Range



Radiation Interactions
Range



Radiation Interactions
Specific energy loss



Radiation Interactions
Specific energy loss



Radiation Interactions
Specific energy loss



Radiation Interactions
Specific energy loss



Radiation Interactions
Stopping time



Radiation Interactions
Scaling laws : Bragg-Kleeman rule



Radiation Interactions
Fast electron : Specific energy loss

1. Ionization and excitation 
 
 
 
 

2. Radiative process : Bremstrahlung 
 
 

3. Total linear stopping power



Radiation Interactions
Fast electron : Absorption



Radiation Interactions
Fast electron : Absorption



Radiation Interactions
Positron interaction



Radiation Interactions
Gamma rays interaction

1. Photoelectric absorption 

2. Compton scattering 

3. Pair production



Radiation Interactions
Photoelectric absorption

Picture: https://radiopaedia.org/articles/photoelectric-effect



Radiation Interactions
Compton scattering



Radiation Interactions
Compton scattering



Radiation Interactions
Pair production



Radiation Interactions
Coherent scattering



Radiation Interactions
Gamma ray attenuation



Radiation Interactions
Neutron interaction

1. Slow neutron : elastic scattering, neutron-induced nuclear 
reaction (n,gamma) (n,alpha) (n,p) 

2. Fast neutron : inelastic scattering, recoil nuclei, hydrogen-
rich material to slow down



Radiation Interactions
Exposure and dose

1. Exposure (X) = charge due to ionization per mass 
has a unit of Roentgen (R) or coulomb per kilogram 

2. Absorbed dose (D) = absorbed energy per mass 
has a unit of rad = 100 ergs/gram 
has a unit of Gray (Gy) = 1 Joule/kg 

3. Dose equivalent (H), Q=quality factor 
has a unit of rem if D in rad 
haa a unit of sievert(Sv) if D in Gy 

4. Effective dose (HE) 
hE = the fluence-to-effective dose conversion 
Phi = fluence = N/(4Pid^2)) 



Radiation Interactions
Exposure and dose

5. ICRP dose = equivalent dose in an organ ir tissue T due to radiation R 
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Ionization Chambers
Ionization process in gases

Picture: https://www.matsusada.com/application/ps/ionization_chambers/



Ionization Chambers
Ionization process in gases



Ionization Chambers
Diffusion, Charge transfer, and Recombination



Ionization Chambers
Charge mobility



Ionization Chambers
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Ionization Chambers
Applications : Survey meter



Ionization Chambers
Applications : Calibrator



Ionization Chambers
Applications : Measurement of radioactive gases
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Proportional Counters
Gas multiplication

Picture: https://en.wikipedia.org/wiki/Proportional_counter



Proportional Counters
Regions of Detector Operation

Picture: https://en.wikipedia.org/wiki/Proportional_counter



Proportional Counters
Choice of Geometry



Proportional Counters
Choice of Geometry



Proportional Counters
Design : Sealed Tubes



Proportional Counters
Design : Windowless Flow Counters



Proportional Counters
Performance : Gas multiplication factor



Proportional Counters
Performance : Gas multiplication factor



Proportional Counters
Energy resolution



Proportional Counters
Time characteristics



Proportional Counters
Time characteristics



Proportional Counters
Multi-wire Proportional Counters



Proportional Counters
Gas Proportional Scintillation Counters



Proportional Counters
Microstrip Gas Chamber



Proportional Counters
Gas Electron Multiplier (GEM)



Proportional Counters
Micromegas (Micro-mesh gaseous structure)



Proportional Counters
Resistive Plate Chambers



Geiger-Mueller Counters



Geiger-Mueller Counters
Avalanches



Geiger-Mueller Counters
Avalanches



Geiger-Mueller Counters
Dead time



Geiger-Mueller Counters
Counting Plateau



Geiger-Mueller Counters
Design



Geiger-Mueller Counters
Time-to-first-count method



Scintillation Detector 



Scintillation Detector 
Properties



Scintillation Detector 
Scintillation mechanism in organics



Scintillation Detector 
Types of organic scintillators

1. Pure organic crystals 

2. Liquid organic solutions 

3. Plastic scintillators 

4. Thin film scintillators 

5. Loaded organic scintillators



Scintillation Detector 
Light output



Scintillation Detector 
Time response



Scintillation Detector 
Inorganic scintillator



Scintillation Detector 
Inorganic scintillator

1. NaI(Tl) 

2. CsI(Tl) and CsI(Na) 

3. LiI(Eu) 

4. BGO 

5. CdWO4 and CaWO4 

6. Zns(Ag) 

7. CaF2(Eu) 

8. SrI2(Eu) 

9. BaF2 

10. CsI 

11.Cs-Halides 

12. PbWO4 

13. Rare Earth Oxyorthosilicates 

14. Lanthanoid Pyrosilicates 

15. Rare Earth Aluminum Perovskites 

16. Rare Earth Aluminum Garnets 

17. Lanthanum Halides 

18. Lutetium Halides 

19. Elpasolites 

20. Ceramics scintillators 

21. Glass scintillators 

22.Noble gas scinitllator



Scintillation Detector 
NaI(Tl)



Scintillation Detector 
NaI(Tl)



Scintillation Detector 
NaI(Tl)



Scintillation Detector 
Bismuth Germinate (BGO)



Scintillation Detector 
Bismuth Germinate (BGO)



Scintillation Detector 
Barium Fluoride (BaF2)



Scintillation Detector 
Noble gas scintillators



Scintillation Detector 
Light collection



Scintillation Detector 
Light pipes



Scintillation Detector 
Light pipes



Scintillation Detector 
Fiber scintillators



Scintillation Detector 
Light yield and propagation



Photomultiplier Tubes and Photodiodes



Photomultiplier Tubes and Photodiodes
Photomultiplier Tubes



Photomultiplier Tubes and Photodiodes
Photocathode

1.Photoemission Process 
2.Spontaneous Electron Emission 
3.Fabrication of Photocathodes 
4.Quantum Efficiency and Spectral Response



Photomultiplier Tubes and Photodiodes
Electron multiplication

1.Secondary Electron Emission 
2.Negative Electron Affinity Materials 
3.Multiple Stage Multiplication 
4.Statistics of Electron Multiplication



Photomultiplier Tubes and Photodiodes
Structural Differences



Photomultiplier Tubes and Photodiodes
Structural Differences



Radiation Spectroscopy with Scintillators



Radiation Spectroscopy with Scintillators
Gamma-ray interactions

Photoelectric Effect         Compton Scattering      Pair Production



Radiation Spectroscopy with Scintillators
Small detector                            Large detector



Radiation Spectroscopy with Scintillators
Effect of surrounding materials



Semiconductor Diode Detectors



Semiconductor Diode Detectors
Charge Carriers



Semiconductor Diode Detectors
N and P-type semiconductor



Germanium Gamma-Ray Detectors



Germanium Gamma-Ray Detectors



Germanium Gamma-Ray Detectors
Detector crystal dewar



Germanium Gamma-Ray Detectors
Energy resolution



Neutron Detectors



Neutron Detectors
Nuclear reaction



Neutron Detectors
Boron : 10B(n,alpha)               Lithium : 6Li(n,alpha)

Helium : 3He(n,p)

Gadolinium Neutron Capture

Neutron-Induced Fission



Neutron Detectors
Fission cross sections



Neutron Detectors
Detectors based on other conversion reactions

1. Lithium-Containing Slow Neutron Detectors 

2. He3 Proportional Counters 

3. Fission Counters 

4. Silicon Carbide Detectors



Neutron Detectors
The spherical neutron dosimeter



Neutron Detectors
The long counter


