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5-CODE OF PRACTICE FOR 60Co 
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

Values for kQ,Qo

5. Cross calibration of field ionization chambers

6. Measurements under non-reference conditions

Central-axis depth-dose distributions

Output factors

7. Estimated uncertainty in Dw under reference conditions

8. Worksheet
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5.1. General

Simplest formalism: 𝐷w = 𝑀 𝑁𝐷,w

No beam quality determination! 𝑘𝑄 = 1
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5.2. Equipment

5.2.1. Ionization chambers: both cylindrical and plane-parallel

zref

plane-parallel 
chamber

cylindrical 
chamber



ICTP IAEA Training TRS-398 Rev.1 – Trieste, Italy 3-7 November 2025

5

5.2. Equipment

5.2.2. Phantom and waterproof sleeves: see generic

Phantom: Water tank that extends > 5 cm beyond the field 
size, account for window water-equivalent thickness (~ρ.t) 
when using horizontal beam and at least 5 g/cm2 beyond max 
depth measurement, consider window bending

Waterproof sleeve - PMMA (ρ = 1.19 g/cm3), 1 mm max 
thickness, 0.3 mm air gap, also used for chamber calibration !
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5.3. Beam quality

Simply 60Co
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5.4.1. Reference conditions for Dw in 
60Co
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5.4.2. Determination of Dw in reference 
conditions

𝐷w = 𝑀 𝑁𝐷,w

Remember: M corrected for elec, pressure&temperature, 
polarity, recombination

5.4.3. Determination of Dw at zmax

PDD for SSD setup, TPR for SAD setup
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5.5. Cross calibration
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5.6. Measurements under non-
reference conditions

CAX PDDs: for cylindrical chambers shift of PDDs over 0.6 * 
rcyl

Attention to non-uniformities in smaller fields and wedged 
fields for OF
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5.7. Uncertainty Dw in Co-60
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5.8. Worksheet
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6- CODE OF PRACTICE FOR HIGH-
ENERGY PHOTON 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

5. Values for kQ,Qo

6. Cross calibration of field ionization chambers

7. Measurements under non-reference conditions

 Central-axis depth-dose distributions
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8. Estimated uncertainty in Dw under reference conditions

9. Worksheet
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6.1. General

WFF beams 1-25 MV

FFF beams ≤ 10 MV

Special FFF beams (TomoTherapy, Radixact, CyberKnife, 
GammaKnife) → IAEA TRS-483

Formalism:  𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w,𝑄0
𝑘𝑄,𝑄0

 (if 𝑄0 = 60Co       → 𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w𝑘𝑄)
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6.2. Equipment

6.2.1. Ionization chambers: only cylindrical

zref

cylindrical 
chamber
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6.2. Equipment

6.2.2. Phantom and waterproof sleeves: see generic

Phantom: Water tank that extends > 5 cm beyond the field 
size, account for window water-equivalent thickness (~ρ.t) 
when using horizontal beam and at least 5 g/cm2 beyond max 
depth measurement, consider window bending

Waterproof sleeve - PMMA (ρ = 1.19 g/cm3), 1 mm max 
thickness, 0.3 mm air gap, also used for chamber calibration !
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6.3. Beam quality specification and 
measurement – TPR20,10
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6.4.1. Reference conditions for Dw in 
high-energy photons
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6.4.2. Determination of Dw in reference 
conditions

  𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w,𝑄0
𝑘𝑄,𝑄0

 (if 𝑄0 = 60Co       → 𝐷w,𝑄 = 𝑀𝑄𝑁𝐷,w𝑘𝑄)

Remember: M corrected for elec, pressure&temperature, 
polarity, recombination, volume averaging for FFF beams

6.4.3. Determination of Dw at zmax

PDD for SSD setup, TPR for SAD setup



ICTP IAEA Training TRS-398 Rev.1 – Trieste, Italy 3-7 November 2025

20

6.5. Values of kQ,Qo

From a series of ND,w,Q coefficients

Generic values for a chamber type by a standards lab

From Bragg-Gray, Monte Carlo or experiment
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Calculated 𝑘𝑄,𝑄0
=

𝑁𝐷,𝑤,𝑄

𝑁𝐷,𝑤,𝑄0

𝐷𝑤,𝑄0
= 𝐷𝑎𝑖𝑟,𝑄0

 𝑠𝑤,𝑎𝑖𝑟 𝑄0
𝑝𝑄0

 

𝐷𝑤,𝑄 = 𝐷𝑎𝑖𝑟,𝑄  𝑠𝑤,𝑎𝑖𝑟 𝑄
𝑝𝑄 

𝐷𝑤,𝑄0
= 𝑀𝑄0

𝑁𝐷,𝑎𝑖𝑟,𝑄0
𝑠𝑤,𝑎𝑖𝑟 𝑄0

𝑝𝑄0
 with 𝑁𝐷,𝑎𝑖𝑟,𝑄0

=
𝑊𝑎𝑖𝑟 𝑄0

𝜌𝑎𝑖𝑟𝑉

𝐷𝑤,𝑄 = 𝑀𝑄𝑁𝐷,𝑎𝑖𝑟,𝑄  𝑠𝑤,𝑎𝑖𝑟 𝑄
𝑝𝑄 with 𝑁𝐷,𝑎𝑖𝑟,𝑄 =

𝑊𝑎𝑖𝑟 𝑄

𝜌𝑎𝑖𝑟𝑉

𝑘𝑄,𝑄0
=

Τ𝐷𝑤,𝑄 𝑀𝑄

Τ𝐷𝑤,𝑄0 𝑀𝑄0

=
𝑁𝐷,𝑎𝑖𝑟,𝑄 𝑠𝑤,𝑎𝑖𝑟 𝑄

𝑝𝑄

𝑁𝐷,𝑎𝑖𝑟,𝑄0 𝑠𝑤,𝑎𝑖𝑟 𝑄0
𝑝𝑄0

 

𝑘𝑄,𝑄0
=

𝑊𝑎𝑖𝑟 𝑄 𝑠𝑤,𝑎𝑖𝑟 𝑄
𝑝𝑄

𝑊𝑎𝑖𝑟 𝑄0
𝑠𝑤,𝑎𝑖𝑟 𝑄0

𝑝𝑄0
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6.5. Values of kQ (MC + experiment)

TRS-398TRS-398u

From Andreo 
et al 2020 
(Phys Med Biol
65:095011)

𝑘𝑄(TPR20,10) =
1 + exp

𝑎 − 0.57
𝑏

1 + exp
𝑎 − TPR20,10

𝑏
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Addendum to AAPM TG-51 
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Addendum to AAPM TG-51

Use of Monte Carlo calculated overall kQ values (verified with 
experimental data)

Muir et al. 2011 
Med. Phys. 38:4604
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6.6. Cross calibration
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6.7. Measurements under non-
reference conditions

CAX PDDs: for cylindrical chambers shift of PDDs over 0.6 * 
rcyl

Attention to non-uniformities in smaller fields and wedged 
fields for OF

kpol and ks for every point!
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6.8. Uncertainty Dw in HE photons
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6.9.Worksheet
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