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Background

to water.



Electron Beam Production



Electrons are charged particles



Typical central axis depth dose curves 
for a 10 cm x 10 cm field size.



Dosimetry equipment
ØIonization chamber

ØPhantoms



What type of ionization chamber to use? 
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Ionization chamber
Recommendation from TRS 398 (Rev 1)- Section 7.2.1

q Plane parallel chambers are recommended type for all beam qualities.

q Plane parallel chamber have to be used for beam quality indexes of 
R50 ˂ 3 g/cm2 (E0≤ 8MeV).

q For beam qualities R50˃ 3 g/cm2 cylindrical chambers maybe used 
(chamber cavity volume should be between about 0.1 cm3 to 1 cm3).

Note: recommended waterproof chambers used but if not possible a 
sleeve is used. 





Parallel plate chamber 
characteristics.

Plane parallel chamber dimensions:
qDiameter of collecting electrode should not 

exceed 20 mm.

qCavity height should not exceed 2 mm.

qCollecting electrode should be surrounded 
by a guard electrode with a width not 
smaller than 1.5 times the cavity height.

qThe thickness of the front window is 
approximately 0.1 g/cm2 (1mm PMMA).

qAir cavity vented to the atmosphere.



Section 4.2.1



Polarity effect.

𝒌𝒑𝒐𝒍 =
𝑴$ + 𝑴%

2 𝑴

M+ and M- are the electrometer readings obtained at positive and negative polarity 
respectively and M is the reading obtained with the polarity used routinely.



Polarity effect.
kpol – expect this to be larger than for photon beams because: 
a) We now have net charge deposition 
b) Parallel-plate chambers are not symmetric

Bass et al, PMB (2009)



Section 4.2.1



Ion recombination for NACP chamber

Pulsed beam: A plot of 1/MQ (charge reading) versus is linear at least for 
practical values of V (Table 3)

Burns and McEwen, PMB (1998)

Worst case! 

Worst case! 



Ion recombination
𝒌𝒔 = 𝒂𝟎 + 𝒂𝟏

𝑴𝟏

𝑴𝟐
+ 𝒂𝟐

𝑴𝟏

𝑴𝟐

𝟐

V1/V2 should ideally 
be equal or larger 
than 3.



Phantom



Beam quality index



Beam Quality Index
R50: 

The depth in water (g/cm2) at 
which the absorbed dose is 
50% of its value at the 
maximum.

Nominal 
Linac energy 
(MeV)

dmax

(cm)
R50

(cm)

6 1.2 2.3
9 2.0 3.5
12 2.8 5.0
15 3.2 6.3
20 3.5 8.5



Measurement of beam quality index
Preferred choice of detector 
is plan parallel

Few clinical beam have R50,ion ˃
10 g/cm2



Reference 
conditions





Measurement depth

𝒛𝒓𝒆𝒇 = 𝟎. 𝟔𝑹𝟓𝟎 − 𝟎. 𝟏 ⁄𝒈 𝒄𝒎𝟐 (R50 in g/cm2)

Burns et al,  Med Phys 1996



Position of reference point of chamber.

20 MeV

Inner surface of front window 
(scaled to water equivalent depth 
(twinρ)

%
 D

ep
th

 d
os

e

Depth in water (cm)

Shift 0.5 rcyl



Determination of absorbed dose to 
water under reference conditions

ØChamber calibrated at a series of electron 
beams.

ØChamber calibrated at 60Co



Chamber calibrated at a series of electron beams

Bass et al, PMB (2009)



𝑫𝒘,𝑸 = 𝑴𝑸𝑵𝑫,𝒘

𝑴𝑸 = 𝑴𝒓𝒂𝒘𝒌𝒆𝒍𝒆𝒄𝒌𝒍𝒆𝒂𝒌𝒌𝑻𝑷𝒌𝒑𝒐𝒍𝒌𝒔





Chamber calibrated at 60Co

𝑫𝒘,𝑸 = 𝑴𝑸𝑵𝑫,𝒘𝒌𝑸

𝑴𝑸 = 𝑴𝒓𝒂𝒘𝒌𝒆𝒍𝒆𝒄𝒌𝒍𝒆𝒂𝒌𝒌𝑻𝑷𝒌𝒑𝒐𝒍𝒌𝒔



kQ



kQ

kQ factors are MC based 
(limited experimental data)

Shapes are very similar, since stopping 
power ratio is the dominant energy 
dependence.



It is now possible to 
use a parallel plate 
chamber calibrated 
at Co-60. One of the 
main reasons for 
updating TRS 398.





Cross calibration



Cross-calibration example

𝑵𝑫,𝑾,𝑸𝟎
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Cross-calibration example

Zref

Notes:
1. Energy: highest possible stable energy 

available R50 ˃˃ 7 g/cm2 (≈18 MeV).

2. Standard reference conditions.

3. Correct Mraw for influence quantities 
such as temperature, pressure, kion, kpol.



Cross-calibration example.

𝑵𝑫,𝑾,𝑸!
𝒇𝒊𝒆𝒍𝒅 =

𝑫𝒘,𝑸𝒄𝒓𝒐𝒔𝒔
𝑴𝑸𝒄𝒓𝒐𝒔𝒔
𝒇𝒊𝒆𝒍𝒅 =

𝑴𝑸𝒄𝒓𝒐𝒔𝒔
𝒓𝒆𝒇

𝑴𝑸𝒄𝒓𝒐𝒔𝒔
𝒇𝒊𝒆𝒍𝒅 𝑵𝑫,𝑾,𝑸!

𝒓𝒆𝒇 𝒌𝑸𝒄𝒓𝒐𝒔𝒔𝑸!
𝒓𝒆𝒇

Field chamber can be used to determine absorbed dose to water at any beam quality

𝑫𝒘,𝑸 = 𝑴𝑸
𝒇𝒊𝒆𝒍𝒅𝑵𝑫,𝒘,𝑸𝒄𝒓𝒐𝒔𝒔

𝒇𝒊𝒆𝒍𝒅 𝒌𝑸,𝑸𝒄𝒓𝒐𝒔𝒔
𝒇𝒊𝒆𝒍𝒅

𝑫𝒘,𝑸 = 𝑴𝑸
𝒓𝒆𝒇𝑵𝑫,𝒘,𝑸!

𝒓𝒆𝒇 𝒌𝑸,𝑸!
𝒓𝒆𝒇



Cross-calibration example.
Field chamber can be used to determine absorbed dose to water at any beam quality

𝑫𝒘,𝑸 = 𝑴𝑸
𝒇𝒊𝒆𝒍𝒅𝑵𝑫,𝒘,𝑸𝒄𝒓𝒐𝒔𝒔

𝒇𝒊𝒆𝒍𝒅 𝒌𝑸,𝑸𝒄𝒓𝒐𝒔𝒔
𝒇𝒊𝒆𝒍𝒅

𝒌𝑸,𝑸𝒄𝒓𝒐𝒔𝒔
𝒇𝒊𝒆𝒍𝒅 =

𝒌𝑸,𝑸𝒊𝒏𝒕
𝒇𝒊𝒆𝒍𝒅

𝒌𝑸𝒄𝒓𝒐𝒔𝒔,𝑸𝒊𝒏𝒕
𝒇𝒊𝒆𝒍𝒅 Qint=7.5 g/cm2 

(intermediate beam quality)

𝒌𝑸,𝑸𝒄𝒓𝒐𝒔𝒔 =
𝑵𝑫,𝑾,𝑸

𝑵𝑫,𝑾,𝑸𝒄𝒓𝒐𝒔𝒔
=

𝑵𝑫,𝑾,𝑸
𝑵𝑫,𝑾,𝑸𝒊𝒏𝒕

𝑵𝑫,𝑾,𝑸𝒊𝒏𝒕
𝑵𝑫,𝑾,𝑸𝒄𝒓𝒐𝒔𝒔

Note: No measurements or calculations are made by the user at Qint. It is just a tool to “simplify the data”



Fit of kQ and kQ,Qint data
Appendix IIChapter 7



Measurements under 
non reference conditions



Field output factors



Field output factor

𝛀 =
𝑫𝒘,𝑸𝒄𝒍𝒊𝒏
𝒇𝒄𝒍𝒊𝒏

𝑫𝒘,𝑸𝒓𝒆𝒇
𝒇𝒓𝒆𝒇

Notes:
Ø For non-reference conditions measured at field sizes and SSDs 

used for treatment or according to TPS.

Ø Reference and non-reference conditions measured at Zref

Ø If ionization chamber used, charge should be corrected for 
variation of stopping power ratio with depth (Table 22).

Ø For example, external dimensions of Roos chamber is 4.4 cm so 
(guard ring width) be careful!
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Thank you


