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Methods for Detector Comparison 
• Detectors categorized by 

– Function 
– Physical state of the transducer 
– Mode of operation 

• Performance described by 
– Efficiency 
– Energy resolution & discrimination 
– Dead time 

• Detection Modes 
– Single events (pulse mode) 
– Rate of energy deposition (current mode) 
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OSHA – Radiation Detection Instruments 
OSHA - Introduction to Ionizing Radiation 

Instrument Detection Principle Applications 

Ion Chamber Ionization of gas (air) Direct measurement of exposure or exposure rate, with minimal 
energy dependence. 

Geiger-Mueller &  
Proportional Counter 

Ionization of gas w/ e- 
multiplication 

Detection of individual events (i.e. alpha or beta particles & 
secondary electrons) for measuring activity (in samples or on 
surface) & detecting low intensities of ambient x or gamma 
radiation; Precautions required for energy dependence. 

Solid State Diodes Ionization of semiconductor Detection & energy measurement of photons or particles. Primarily 
for laboratory use. 

Solid State Diodes Ionization & excitation 
followed by light emission Detection of individual events. 

            - Solids  - NaI(Tl) – photons; energy spectrometry 

 - ZnS(Ag) – alpha particles; detection only 

             - Liquid  - Detection of low-energy beta emitters mixed w/ scintillation fluid. 

Photographic Film Ionization of Ag Br Personal exposure monitoring. 

Thermoluminescent 
Detecetor 

Excitation of crystal; light 
release by heating Personal and environmental exposure monitoring. 

https://www.osha.gov/SLTC/radiationionizing/introtoionizing/radiationdetectioninstru.html


• Gas-filled detectors 
– Surveying, personnel/area monitoring, radionuclide dose 

quantitation 
– Inefficient detection of x-rays & gamma-rays relative to 

scintillation detectors 
• Ion Chamber 

– Accurate exposure readings from 1 mR to 1 R  
– Current mode operation, short dead times 
– More useful in high radiation fields than GM detectors 
– Relatively low sensitivity compared to GM detectors 

• Geiger-Muller 
– ~10x higher sensitivity than ionization detectors 
– Do not provide accurate measure of exposure, except for a limited range of 

calibration 
– Pulse mode operation, relatively long dead times (hundreds of 

microseconds) 
– Not useful in high radiation fields 

 



Regions of Operation for Gas-Filled Detectors 
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Radiation 
Oncology 

Physics 
Podgorsak (2005) 

• Most Common 
Dosimeters 

• Ion Chambers 
• Radiographic Film 
• TLDs 
• Diodes 



The AAPM/RSNA Physics Tutorial for Residents: 
Radiation Detectors in Nuclear Medicine 

Ranger (1999) 



• Absolute efficiency:  
– 𝜀𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝜀𝑖𝑖𝑎𝑖𝑖𝑖𝑎𝑖𝑖 × 𝜀𝑔𝑎𝑎𝑔𝑎𝑎𝑖𝑖𝑖 

• Intrinsic efficiency 
– Ratio of detected events to radiation quanta 
– Determined by stopping power of transducer 

• 𝑃𝛾 = 1 − 𝑒−𝜇𝜇 

– Decreases with photon energy, Increases with density 

• Geometric efficiency 
– Ratio of radiation quanta incident on detector to total emitted 
– Decreases with increasing source-to-detector distance (IVS) 
– Well chamber designed to achieve >90% geometric efficiency 

Efficiency 



Energy Resolution 
• Spectrometers 

 
𝐹𝐹𝐹𝐹
𝑃𝑃

 × 100% 
 

• FWHM = Full width half-maximum 
• PE = photopeak energy 

 
• Affected by  

– size, thickness, state of transducer 
– Photon energy 
– Electronic characteristics 



Dead Time 

• Pulse mode detectors: 
– Pulse duration or electronic dead time limits the 

rate of detection due to individual processing 
– Non-paralyzable systems  

• reject events that arrive before complete processing of previous 
event 

– Paralyzable systems (scintillation camera)  
• also reject these events, but the arrival of a secondary event also 

extends the dead time which may cause rejection of a tertiary 
event 
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