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Raport 398
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waterDN , callibration factor in terms of dose to water; dependent on energy

factor which converts calibration factor from reference energy to user energy

corM signal we measure; corrected for the actual conditions (temperature and preassure)
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kQ,Q0 from Raport 398
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Energy of electron beams

The most probable Energy Ep,0 on the Surface is given by

Ep,0 = 0,22 + 1,98 ∙ Rp + 0,0025 ∙ Rp ∙ Rp

(Ep,0 is in MeV, Rp is in cm, Rp is the practical range)

The mean electron Energy E0,mean at the Phantom Surface is given by

E0,mean = 2.33 MeV/cm ∙ R50,dose,

R50 is the depth of 50% of dose which is obtained from R50 ionization (be given later)

The mean electron Energy Ez,mean at depth z is given by

Ez,mean = E0,mean ∙ (1 – z/Rp)
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Energy of electron beams

ionization curve
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Construction of plane parallel chambers

20.09.2023 Page 8

http://www.pib-nio.pl/


www.pib-nio.pl

Construction of plane parallel chambers
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Size of the beam for output factor

Rigorously

The precise choice of field size is not critical, a convenient choice for the reference 

field size is that which is used for the normalization of output factors, 

usually 10 cm × 10 cm at the phantom surface. Never < 10 x 10 cm!
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R50 ionization -15 MeV
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Depth of measurement

zref = 0.6 ∙ R50 – 0.1 g/cm2 (R50 in g/cm2)

This depth is close to the depth of the absorbed dose maximum zmax

at beam qualities R50 < 4 g/cm2 (Eo 10 MeV), but at higher beam 

qualities is deeper than zmax.
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kQQ0 for calibration in Co60 kQ

Table 18 (TRS 398)
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Calibration in electron beam

Chambers my be calibrated in Co60 or in electron beam (very

seldom).

If in electron beam set of calibration factors are needed.

One calibration factor is valid only for one energy (for one 

quality index).

To measure for another energy the cross calibration procedure

may be applied.
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Report 398 – beam qulity index (for kQQ0)

R50 for depth dose curve (g/cm2)
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PDD measurements (ionization depth dose)

SSD = 100 cm

field size at the phantom surface at least:

10 cm × 10 cm for R50 < 7 g/cm2 (Eo 16 MeV),

20 cm × 20 cm for R50 > 7 g/cm2 (Eo 16 MeV). 
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Corrections for influence quantities

for preassure and temperature

T0, P0 are the temperature and preassure used for callibration

for humidity

no corrections for humidity are needed if the calibration factor was reffered to a relative

humidity of 50% and is used in a relative humidity between 20 and 80%
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Corrections for influence quantities

Polarity effect

The influence of polarization on the chamber reading

should be accounted for.

Correction factor

M+, M- are reading obtained for positive and negative polarity

M reading for polarity used routinely
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Corrections for influence quantities

(Rigorously) Ion recombination and polarity corrections are required at all 

depths, but these may be derived from a reduced set of representative 

measurements:

near the surface, the ionization maximum and the depths

corresponding to 90% and 50% of the ionization maximum.
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Corrections for influence quantities

Polarity effect

User should inform teh callibration laboratory on the polarization potential

and polarity used in daily measurements.

After changing polarity one should wait some time to obtain

a stable reading of the chamber. For some chambers it may be even 20 min.
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Corrections for influence quantities

Ion recombination correction factor ks

The two voltage method is used.

Reading is measured for two voltages V1 and V2. V1/V2 ≥ 3

Correction factor
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Corrections for influence quantities
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Coefficients from Table 9
Report 398
Two sets of data for pulsed
and pulsed-scanned dose.
Almost all beams are pulsed.
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Signal M is always corrected signal!
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Cross calibration

reference chamber calibrated in Co60

Cylindrical ion chamber ref calibrated in Co60 beam: 𝑁𝑟𝑒𝑓,𝐷,𝑤𝑎𝑡𝑒𝑟,𝑄

There is no calibration factor for plane paralel chamber X.

We do measurements with both chambers in the electron beam

of the energy with quality index Q0 higher > 7.5 g/cm2. 

Corrected readings were Mref, MX
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Cross calibration C060 beam
measurements in energy Q0 > 7.5 g/cm2

For Mref and MX:

From this equation we have NX,D,water,Q

From Table 18 we have kchamber,Q,Q0 correction k 

factors for other energies.
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𝑀𝑟𝑒𝑓 ⋅ 𝑁𝑟𝑒𝑓,𝐷,𝑤𝑎𝑡𝑒𝑟,𝑄 ⋅ 𝑘𝑟𝑒𝑓,𝑄,𝑄0 = 𝑀𝑋 ⋅ 𝑁𝑥,𝐷,𝑤𝑎𝑡𝑒𝑟,𝑄 ⋅ 𝑘𝑋,𝑄,𝑄0
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Cross calibration for chamber X

reference chamber calibrated in electron

beamIt is allowed to calibrate a chamber with a calibrated chamber ref

in the secondary sandard laboratory in electron energy cross.

Chambers are compared by alternately placing the chambers at zref for 

energy cross.

20.09.2023 Page 26

𝑁𝐷,𝑤,𝑄𝑐𝑟𝑜𝑠𝑠
𝑋 =

𝑀𝑟𝑒𝑓

𝑀
𝑋

∙ 𝑁𝐷,𝑤,𝑄𝐶𝑟𝑜𝑠𝑠
𝑟𝑒𝑓

http://www.pib-nio.pl/


www.pib-nio.pl

Cross calibration in energy Q0

To obtain calibration factor for energy Int

From this equation we have NX,D,w,QInt

From Table 19 for energy Int we have kX,QInt,Q

correction k factors for other Q energies.

20.09.2023 Page 27

𝑀𝑟𝑒𝑓,𝑄
0
⋅ 𝑁𝑟𝑒𝑓

𝐷,𝑤,𝑄𝑐𝑟𝑜
𝑠𝑠
⋅ 𝑘𝑟𝑒𝑓,𝑄

0
,𝑄

𝑐𝑟𝑜𝑠𝑠
= 𝑀𝑋,𝑄

0
⋅ 𝑁𝑥,𝐷,𝑤,𝑄

0

𝑁𝐷,𝑤,𝑄𝐼𝑛𝑡
𝑋 =

𝑁𝐷,𝑤,𝑄0
𝑋

𝑘𝑋,𝑄
0
,𝑄𝐼𝑛𝑡

http://www.pib-nio.pl/


www.pib-nio.pl20.09.2023 Page 28

http://www.pib-nio.pl/


www.pib-nio.pl20.09.2023 Page 29

http://www.pib-nio.pl/


www.pib-nio.pl

Results

RAP23-70 Page 30

Box plot

Calibration coefficients for PTW 23343 and PPC05 ionization chambers
N

D
,

w
[c

G
y
/n

C
]

Type of plane parallel ionization chambers

Type of chambers
PTW 

23343
PPC05

Sample size: n 44 13

Arithmetic mean value of ND, w  [cGy/nC] 55.03 58.35

Median value of ND, w  [cGy/nC] 54.85 58.35

Standard deviation value of ND, w [cGy/nC] 1.44 2.04

Standard deviation value of ND, w expressed as a 

percentage of the arithmetic mean value of ND, w  [%]
2.61 3.50

Q1 [cGy/nC] 54.40 56.86

Q3 [cGy/nC] 55.99 60.08

ND, w  max  [cGy/nC] 57.85 62.51

ND, w  min  [cGy/nC] 51.22 55.52

ND, w max / ND, w  min 1.13 1.13

Outliers

51.22, 

51.85, 

51.22

none

Descriptive statistics

Iwona Grabska, Paweł Kukołowicz
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Central axis depth dose distribution
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Sw,air for electron beams
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x = ln(R50) and y = z/R50
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Guard ring

Guard ring (GR) is an annular ring surrounded the charge-collecting electrode. The 

voltage of guard ring is the same as chargé-collecting electrode.

GR ensures that the electric field lines near the edge of the collecting electrode remain 

straight. The collecting volume is accurately defined by the area of the collecting 

electrode and the electrode separation.

GR minimizes the extent of charge leakage from the volume outside of the collecting 

volume.
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Output factors measurement

OF should be measured at dose max (zmax).

We have to be aware of the variation of the depth of maximum,

particularly for small beams.

Another problem is to define the OU for other SSD. There is a complicated

dependence of OF on SSD particularly for small beams (virtual source). We 

encourage to measure additional sets of measurements for other SSDs,

e.g. 110 cm, 115 cm.

20.09.2023 Page 36

http://www.pib-nio.pl/


www.pib-nio.pl

Percent depth dose for electron beams

dependence on the beam size
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USE OF PLASTIC PHANTOMS
it is strongly unrecommended

Plastic phantoms may only be used at beam qualities R50≤4 g/cm2

(approximately E0≤10 MeV).

Depth is scaled with: zwater = zplastic ∙ cpl (g/cm2)
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Summary

We use electron beams less and less.

Complicated dosimetry for electron beams has been 

replaced by no less complicated dosimetry of small fields.
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Thank you for your attention.
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