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Reference dosimetry

Primary standards

Dissemination

Clinical reference dosimetry using ionization 
chambers

Verification of dosimetry chain using 
independent dosimeters
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Primary standards – water calorimeters: 
scatter and attenuation

080915
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Primary standards – water calorimeters: 
scatter and attenuation
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Primary standards – graphite calorimeters

5

Core

Inner jacket

Outer jacket

Annular PCB

Graphite vacuum body

Palmans et al 2004
Phys Med Biol 49:3737
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Primary standards – graphite calorimeters: 
gap corrections (PhD Lauren Petrie, see 
also presentation Francesco Romano)



Palmans, Reference Dosimetry Light IonsEMCTP 2017, Naples, 15-18 October 2017

7

Primary standards – graphite calorimeters: 
gap corrections (PhD Lauren Petrie, see 
also presentation Francesco Romano)
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Primary standards – graphite calorimeters: 
gap corrections (PhD Lauren Petrie, see 
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Primary standards – graphite calorimeters: 
Dg to Dw conversion (PhD Ana Lourenço)

Lourenço et al 2016 Med Phys 43:4122
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Lourenço et al (2016) Med Phys 43:4122

Primary standards – graphite calorimeters: 
Dg to Dw conversion (PhD Ana Lourenço)
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Dissemination – phantom materials:
water-equivalence (PhD Ana Lourenço)

Lourenço et al 2017 Phys Med Biol 62:3883
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Dissemination - phantom materials:
nuclear interactions - MLFC experiment

Paganetti and Gottschalk 2003 
Med Phys 30:1926

Kunert et al. 2013 Proc
Cyclotrons 2013 Vancouver
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Dissemination - phantom materials:
nuclear interactions - MLFC experiment
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Dissemination - phantom materials:
nuclear interactions - MLFC experiment

Paganetti/Geant4

Rinaldi / FLUKA

Henkner / 
SHIELD-HIT
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Clinical reference dosimetry using IC

IAEA TRS-398:

𝐷𝑤,𝑄 = 𝑀𝑄𝑁𝐷,𝑤,𝑄0𝑘𝑄,𝑄0

Calculated beam quality correction factor:

𝑘𝑄,𝑄0 =
𝑊𝑎𝑖𝑟 𝑄 𝑠𝑤,𝑎𝑖𝑟 𝑄

𝑝𝑄

𝑊𝑎𝑖𝑟 𝑄0 𝑠𝑤,𝑎𝑖𝑟 𝑄0
𝑝𝑄0
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Clinical reference dosimetry using IC: 
water-to-air stopping power ratios

ICRU 49

ICRU 90

Goma et al 2013 Phys Med Biol 58:2509 / Geant4
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Clinical reference dosimetry using IC: 
water-to-air stopping power ratios

Luhr et al 2011 Phys Med Biol 56:2515 / SHIELD-HIT
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Clinical reference dosimetry using IC: 
displacement correction factors

Mobit et al. 2000 Med. Phys. 27:2780-2787

exp. data for 78 MeV protons

Jäkel et al. 2000  Phys. Med. Biol. 45:599-607

exp. data for 3 GeV 12C 
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Palmans 2006 Phys Med Biol 51:3483 / McPTRAN.CAVITY
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Clinical reference dosimetry using IC: 
secondary electron perturbation factors
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Palmans et al 2011 Proc IDOS, IAEA-CN182-230 / PTRAN + egsnrc
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Clinical reference dosimetry using IC: 
𝑘𝑄,𝑄0 factors

Goma et al 2016 Phys Med Biol 61:2389 / GAMOS + PENH
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Clinical reference dosimetry using IC: 
𝑘𝑄,𝑄0 factors

Goma et al 2016 Phys Med Biol 61:2389 / GAMOS + PENH
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Clinical reference dosimetry using IC: 
Fano test for protons 
PENH Geant4

Sterpin et al 2014 Med Phys 41:011706
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Clinical reference dosimetry using IC: 
Fano test for protons - FLUKA

Lourenço 2016 PhD
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Verification of dosimetry chain using 
independent dosimeters: alanine (similar 
for most solid detectors)

Bassler et al 2008 NIMB 266:929

Convolving response functions inline

ηAl =

 
i=1

nhist  
j=1

𝑛𝑖 s𝑖𝑗×
Sel
ρ ala

E,Z × ηAl E,Z +ηTE𝑖𝑗

 
i=1

nhist  
j=1

𝑛𝑖 s𝑖𝑗×
Sel
ρ ala

E,Z +TE𝑖𝑗

TE𝑖𝑗 =
𝐸cut

𝜌𝑉𝑣𝑜𝑥𝑒𝑙
en ηTE𝑖𝑗 =

 0
𝐸cut ηAl E,Z 𝑑𝐸

𝜌𝑉𝑣𝑜𝑥𝑒𝑙

Carlino 2017 PhD thesis
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Verification of dosimetry chain using 
independent dosimeters: alanine

Ableitinger et al 2013 Radiother Oncol 108:99 / FLUKA
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Verification of dosimetry chain using 
independent dosimeters: alanine

Ableitinger et al 2013 Radiother Oncol 108:99 / FLUKA

Carbon ions SOBP / FLUKA
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