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Proton beams: Spread-out Bragg peak 
(SOBP)
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Proton beams: Spread-out Bragg peak 
(SOBP)
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Acceleration - cyclotron

Solutions: * Synchro-cyclotron: modulation of the RF 
 frequency (only pulsed operation)

  * Isochroneous cyclotron: modulation of the 
 magnetic field + hills and valleys for focussing
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Acceleration - synchrotron
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Acceleration - synchrotron
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Beam delivery – passive scattering 
versus scanning

Beam Monitor

Beam Monitor
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Reference conditions
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10 - CODE OF PRACTICE FOR PROTON BEAMS
1. General

2. Dosimetry equipment

 Ionization chambers

 Phantoms and chamber sleeves

3. Beam quality specification

 Choice of beam quality index

 Measurement of beam quality

4. Determination of absorbed dose to water

 Reference conditions

 Determination of Dw under reference conditions

 Recombination correction

5. Values for kQ,Qo

6. Cross calibration of field ionization chambers

7. Measurements under non-reference conditions

 Central-axis depth-dose distributions

 Field output factors

 Use of plastic phantoms

8. Estimated uncertainty in Dw under reference conditions

9. Worksheet
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How does this look like for proton beams

Formalism:  𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w𝑘𝑄

Beam quality index is Rres

Reference conditions for Rres and Dw determination + 
uncertainty

Cross calibration of field ionization chamber

Peff shift for PDDs!
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Equipment – ionization chambers
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Equipment – ionization chambers
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Phantoms, sleeves

Similar as 60Co, high-energy photons, electrons
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Beam quality at measurement depth z
= residual range

𝑅res = 𝑅p − 𝑧

with Rp = practical range
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Beam quality = residual range
for single-energy beams:
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Beam quality = residual range
for SOBP:
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Reference conditions for beam quality 
determination
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Reference conditions for Dw (original TRS-398)
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Reference conditions for Dw (TRS-398 Rev.1)
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Reason for cylindrical chamber limit

Palmans et al 2020
(Med Phys 47:6531)
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Positioning of plane-parallel chambers
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Ion recombination – continuous beams
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Ion recombination – pulsed beams 
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Beam quality correction factors kQ

Collected from literature

Monte Carlo    Experiment

(8 papers)    (10 papers)

𝑝𝑄 =
𝑓𝑐ℎ 𝑄

𝑠w,air 𝑄

     𝑝𝑄 = 𝑘𝑄
𝑓𝑐ℎ 𝑄0 𝑊air 𝑄0

𝑠w,air 𝑄
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e.g., Farmer type chamber
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e.g., Farmer type chamber
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Changes compared to TRS-398
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Changes compared to TRS-398
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Positioning of plane-parallel chambers
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Difference physical thickness and WET
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Difference physical thickness and WET
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Difference physical thickness and WET
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Cross calibration of ionization chambers 
and use of a cross calibrated chamber

Similar as 60Co, high-energy photons, electrons
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Use of plastic phantoms strongly 
discouraged
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Relative
standard
uncertainty
on Dw
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11 - CODE OF PRACTICE FOR LIGHT-ION BEAMS
1. General

2. Dosimetry equipment

 Ionization chambers

 Phantoms and chamber sleeves

3. Beam quality specification

4. Determination of absorbed dose to water

 Reference conditions

 Determination of Dw under reference conditions

 Recombination correction

5. Values for kQ,Qo

6. Measurements under non-reference conditions

7. Estimated uncertainty in Dw under reference conditions

8. Worksheet
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How does this look like for carbon ions

Formalism:  𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w𝑘𝑄

No beam quality index

Reference conditions for Dw determination + uncertainty

Cross calibration of field ionization chamber

Peff shift for reference Dw and PDDs!
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Depth dose curves
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Reference conditions for Dw
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Beam quality 
correction
factors kQ

𝑘𝑄,𝑄0 =
𝑊air 𝑄 𝑠w,air 𝑄

𝑝𝑄

𝑊air 𝑄0 𝑠w,air 𝑄0
𝑝𝑄0
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Use of plastic phantoms

not mentioned
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Relative 
standard
uncertainty 
on Dw
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