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Physics versus simplicity
ion chamber

• Simplicity – Raport 398

corfactcalwater FNMD  ,

what we measure (charge)

calibration factor

factor which corrects for 
changes of energy and/or
for perturbation of the radiation
field caused by the presence of 
detector

• Physics – Raport 277
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Physics Raport 277

u

air

col

water

col
AirDcorwater p

SS
NMD 



















,

celcavdiswallu ppppp 

AirDN , callibration factor in terms of dose to Air; independent on energy

air

col

water

col SS


















ratio of dose to water and dose to air of mass stopping powers

perturbation correction factor; ratio for Energy Q

u

airwater

AirDcorwater p
LL

NMD 















 


,

restricted mass stopping collision power

airwater

LL



















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Simplicity: dosimetry-cook-book

Raport 398

0,, QQwaterDcorwater kNMD 

0,QQk

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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Raport 398

waterDN ,

We receive this factor from primary or secondary standard laboratory
FOR ONE ENERGY!

Most often calibration factor is established in Co60 beam, and

if in Co60 then following notation is used kQ,Q0 = kQ

for the chamber and for the energy (type of radiation and spectrum)
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kQ,Q0 from Raport 398
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Calibration procedure
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Signal is measured with reference chamber and a chamber for which calibration factor is to be measured.
For Reference Chamber ND,w calibration factor should be known.
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Introduction
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Characteristics of the studied cylindrical ionization chambers, based on the data provided by the manufacturers:

PTW 30001
FC65-G

Similar 30013
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Results
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Calibration coefficients for cylindrical ionization chambers
N

D
,

w
[c

G
y
/n

C
]

Type of cylindrical ionization chambers

Type of chambers FC65-G PTW 30013 PTW 30001

Sample size: n 13 82 18

Arithmetic mean value of ND, w  [cGy/nC] 4.795 5.348 5.283

Median value of ND, w  [cGy/nC] 4.796 5.355 5.303

Standard deviation value of ND, w [cGy/nC] 0.015 0.037 0.062

Standard deviation value of ND, w expressed as a 

percentage of the arithmetic mean value of ND, w [%]
0.32 0.70 1,16

Q1 [cGy/nC] 4.759 5.328 5.210

Q3 [cGy/nC] 4.806 5.372 5.329

ND, w  max  [cGy/nC] 4.812 5.430 5.370

ND, w  min  [cGy/nC] 4.759 5.259 5.175

ND, w max / ND, w  min 1.01 1.03 1.04

Outliers 4.759 5.259, 5.261 none

Box plot Descriptive statistics

Iwona Grabska, Paweł Kukołowicz
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Type of chambers IBA FC65-G PTW 30013 PTW 30001

Sample size: n 13 82 18

Arithmetic mean value of ND, w  [cGy/nC] 4.795 5.348 5.283

Median value of ND, w  [cGy/nC] 4.796 5.355 5.303

Standard deviation value of ND, w [cGy/nC] 0.015 0.037 0.062

Standard deviation value of ND, w expressed as a percentage of 

the arithmetic mean value of ND, w [%]
0.32 0.70 1,16

Q1 [cGy/nC] 4.759 5.328 5.210

Q3 [cGy/nC] 4.806 5.372 5.329

ND, w  max  [cGy/nC] 4.812 5.430 5.370

ND, w  min  [cGy/nC] 4.759 5.259 5.175

ND, w max / ND, w  min 1.01 1.03 1.04

Outliers 4.759 5.259, 5.261 none
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Results
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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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Calibration coefficients for PTW 23343 and PPC05 ionization chambers
Plane pallaler chamber

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

Iwona Grabska, Paweł Kukołowicz
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Spectrum of photon beam Energy

6 MV Varian
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Dependence of spectrum on depth and position in beam
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Dependence of spectrum on depth and position in beam
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A synthetic spectrum parameter

• easily measured

• with small uncertainty

and

the dependence between the ratio

of (restricted) mass stopping powers

for water and air can be defined
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Report 398 – beam qulity index

TPR20,10
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Report 398 – beam qulity index

TPR20/10

TPR20,10 can also be obtained from PDD (percent depth dose)
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Report 398

TPR20/10

TPR20,10 can also be obtained from PDD
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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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Polarity effect

The signal measured with the chamber changes the value,

when the polarity is reversed.

Why?

For pallarel chamber (easiest to understand) – in the measuring electrode

more electrons are removed from the measurement area than are retained

a small positive charge is produced

when the polarity is changed, this charge is added to the measured signal

20.09.2023 Page 23
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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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Ion recombination correction factor

Not all ions produced in the chamber reach the collection electrode

Some of them recombine

Factor little > 1 should be used

Flash (ultra high dose rate) ≈ 1.02
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kQ,Q0 (in fact kQ)
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Interpolacja

NE 2505 A Farmer

0.70 0.74 0.73

0.982 0.974 0.9…
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Practice – measurements of absorbed dose

conventional accelerators

Water is recommended as the reference medium for measurements

of absorbed dose and quality in photon beams.

The phantom should extend to at least 5 cm beyond

all sides of the field size.

Cylindrical chambers are recommended. 

It is not recommended to use non-waterproof chambers.

20.09.2023 Page 30
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Practice – measurements of absorbed dose

conventional accelerators
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Why reference depth is 10 cm?
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Practice – measurements of percent depth

dose conventional accelerators
Water is recommended as the reference medium for measurements.

The phantom should extend to at least 5 cm beyond

all for sides of the field size.

Plane-paralel chambers are recommended. If cylindrical ionization chamber

is used the effective measurement point should be taken into account.

Then complete PDD should be shifted towards the surface a distance equal

to 0.6 internal cavity radius of the chamber. Usually we shift the chamber!

The chamber should be moved from the bottom to the surface!
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Wedge beam output factors

measurements

The detector dimension in the wedge

direction should be

as small as possible.

Position of the chamber with respect

to central axis

should be checked carefully.
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Cross calibration

It is allowed to calibrate a chamber with a claibrated chamber ref

in the secondary standard laboratory. Calibrated in quality Q0.

The chambers are compared by alternately placing the chambers in a water phantom 

with their reference points at reference depth (10 cm).
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Cross calibration in Q0

Cross calibrated chamber factor is for Q0 radiation quality!

To have calibration factor for Co60 we have to apply kQ,Q0 factor.

From Q to Q0 we use kQ,Q0

From Q0 to Q we use 1/kQ,Q0
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Solid phantoms
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Solid phantoms
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Thank you for your attention!
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