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Overview 

• Primary standards – calorimeters 

• Reference dosimetry - ionization chambers 

• Relative dosimetry – LET dependence of detectors 

• Particular issue with scanned beams 
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Calorimetry 
 

𝐷𝑚𝑒𝑑 = 𝑐𝑚𝑒𝑑∆𝑇 𝐷𝑚𝑒𝑑 = 𝑐𝑚𝑒𝑑∆𝑇
1

1 − ℎ
Π𝑘𝑖 

Palmans et al (2004) 
Phys Med Biol 49:3737 



4 

Calorimetry 
 

𝐷𝑚𝑒𝑑 = 𝑐𝑚𝑒𝑑∆𝑇 𝐷𝑚𝑒𝑑 = 𝑐𝑚𝑒𝑑∆𝑇
1

1 − ℎ
Π𝑘𝑖 

Palmans et al (2004) 
Phys Med Biol 49:3737 

Core 

Inner jacket 

Outer jacket 
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Water calorimetry – heat defect 
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Graphite calorimetry: Dg to Dw 
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Graphite calorimetry: Dg to Dw 

Protons    Carbon ions 

Lourenço et al (2016)  
Med. Phys. submitted 

Rossomme et al (2013)  
Phys. Med. Biol. 58:5363 
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Graphite calorimetry – heat transfer 
within core 
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Reference dosimetry with ionization 
chambers 

Ideally: 
𝐷𝑤,𝑄 = 𝑀𝑄𝑁𝐷,𝑤,𝑄 

 

Present-day reality: 
𝐷𝑤,𝑄 = 𝑀𝑄𝑁𝐷,𝑤,𝑄0𝑘𝑄,𝑄0 

with 

𝑘𝑄,𝑄0 =
𝑊𝑎𝑖𝑟 𝑄 𝑠𝑤,𝑎𝑖𝑟 𝑄

𝑝𝑄

𝑊𝑎𝑖𝑟 𝑄0 𝑠𝑤,𝑎𝑖𝑟 𝑄0
𝑝𝑄0

 

This is the formalism of IAEA TRS-398 and ICRU Report 78 
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Ionization chambers: sw,air 
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Ionization chambers: Wair / protons  

TRS-398 
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Ionization chambers: Wair / protons  

TRS-398 
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Ionization chambers: Wair / ions 

MedAustron - whitebook 
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Ionization chambers – perturbations 
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Palmans et al. (2011) Proc IDOS, IAEA-CN182-230 
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Ionization chamber perturbations  
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Volume recombination vs pulse length 
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Volume recombination vs pulse length 
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Volume recombination vs pulse length 

𝑘𝑖𝑜𝑛 = 1 + 𝑎
𝑉𝑒𝑥𝑝 −0.0023𝑇𝑝𝑢𝑙𝑠𝑒

𝑉2  
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Initial recombination in carbon ions 

Rossomme et al (2016)  
Med. Phys. submitted 
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Reference dosimetry scanned beams 

Gillin et al 2010 

Med Phys 37:154 

𝐷𝐴𝑃𝑤,𝑄
𝐵𝑃 =𝑀𝑄

𝐵𝑃𝑁𝐷𝐴𝑃,𝑤,𝑄0
𝐵𝑃 κ𝑄,𝑄0

𝐵𝑃  

𝑛 =
𝐷𝐴𝑃𝑤,𝑄

𝐵𝑃  

(𝑆 ρ )𝑤
× 𝐶𝐹 
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Reference dosimetry scanned beams 

Jaekel et al Phys Med  

Biol2004 

ΔX 

ΔY 

𝐷𝑤,𝑄
𝑐𝑦𝑙

=𝑀𝑄
𝑐𝑦𝑙

𝑁𝐷,𝑤,𝑄0

𝑐𝑦𝑙
𝑘𝑄,𝑄0
𝑐𝑦𝑙

 

𝑛=
𝐷𝑤,𝑄
𝑐𝑦𝑙ΔXΔY 

(𝑆 ρ )𝑤
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Relative dosimetry – LET dependence alanine 
 

Birmingham 15 MeV beam 

CERN anti-proton beam 

GSI 12C ion beam 

 Bassler et al. 2008 

Herrmann et al. 2011 
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Relative dosimetry – LET dependence RCfilm 

 

Kirby et al (2010) Phys. Med. Biol. 58:417 
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PTW microDiamond 

Rossomme et al (2016)  
Phys. Med. Biol. submitted 
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Tissue-equivalence 

Palmans et al. (2005) Phys. Med. Biol. 50:991-1000 
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Other issues not discussed 

Partial irradiation detectors 
 

Detector arrays 
 

Resolution requirements 
 

Audit and dose verification 
 

Alternative quantities for absorbed dose (microdosimetry 
and nanodosimetry based) 
 

Track structure approaches 
 

Biological dosimetry 
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Additional reading 
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Additional reading 
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Thank you for your attention! 


