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..i1s the first ‘technical’ chapter of TRS-398 Rev.1 and is
essential reading before implementing reference dosimetry

for any modality.

It provides general guidance, with beam-specific details then
provided in the subsequent chapters.

With 40 pages it is the most substantial chapter
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e.g., UK calibration
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e.g., UK calibration
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Absorbed dose to water, Dy, at the position of the centre of the chamber when

the chamber and sheath are replaced by water can be expressed as:

Dw,Q = MQND,W,Q (1)

where

M, is the instrument response in coulombs (C), corrected to a

chamber air temperature of 20 "C, an ambient air pressure
of 1013.25 mbar, a relative humidity of 50% and for losses

due to ion recombination

Np w.0 is the calibration coefficient for the radiation quality Q to
convert the corrected instrument reading to absorbed dose

to water, given in Table 1 and Figure 1.
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e.g., UK calibration
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e.g., UK calibration
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4.1.1. Calibrations in standards laboratories

made at multiple beam qualities

(a)  Users are provided with a series of NV,  , calibrations of the user ionization
chamber at beam qualities Q. One of the beam qualities 1s selected by the
user as the reference quality Q, at the clinical site, with its calibration
coefficient being denoted by N Dw.0," Values of kg, are derived by
normalizing all calibration coefficients to N Dw0,> 33 defined in Eq. (3),
which corresponds to directly measured values of koo, - The advantage of
this approach is that, once directly measured values of koo, for a particular

(b) Users are provided with a calibration coefficient N, , at a
laborator?/ selected reference quality Q,, together with a series of Koo,
factors directly measured for the user chamber at beam qualities Q. The
criteria for the type and frequency of calibrations are as above.

But... these are considered equivalent since ko,0, =

Np,w,q

ND.W,Qo




4.1.2. Calibrations in standards laboratories
made at a single reference quality Qo

(a) Generic experimental values obtained from measurements at standards
laboratories fora sample ofionization chambers of a given type. This approach
is an alternative option to option (b) in Section 4.1.1 only when &, or koo,
values have been obtained by a standards laboratory from a large sample

=

(b) Generic calculated values using the following:
(1) The Bragg—Gray based analytical expression given in Eqgs (91) and

(ON 1n Annendiv TT Thic nracednre yirac nead 1in the firet aditinn af thic

(11) Detailed Monte Carlo simulations of a given chamber type. This
techniane wag need in Ref [9Q]

(¢) Generic compound values, derived statistically from the combination of the
following:

(1) Detailed Monte Carlo simulations of specific chamber types and
PSDL based experimental values for a sample of chambers of that
tirmma onirh ac tha ‘fancancnce? - Aata far maaavaltana nhatan haamo

(11) Chamber specific Monte Carlo calculated values and analytical
calculations using Eq. (92) in Appendix II, as for proton beams.




4. 2. Equipment

An 1onometric dosimeter system for radiotherapy contains the

following components:

(a)

(b)

(€)
(d)

One or more ionization chamber assemblies, including the permanently
attached cable and connector. It is advised that these 1onization chambers
be specifically designed for the intended purpose (e.g. modality, radiation
quality).

A measuring assembly (electrometer). This can be considered to form a
system with the ionization chamber, and that system is calibrated as a unit,
or the electrometer can be calibrated separately in terms of charge or current
per scale division.

One or more phantoms with waterproof sleeves (if required). A special holder
might be required to position the chamber correctly within the phantom.
Calibrated devices to measure the phantom temperature and air pressure, to
correct the 1onization chamber reading to reference conditions.

One or more stability check devices. It is recognized, however, that in many
facilities the use of radioactive check sources is actively discouraged. In
such circumstances, and without access to a “°Co beam, stability monitoring
can be carried out through the regular comparison of duplicate dosimeters.
Such an approach is also recommended from a quality assurance perspective
to ensure that a robust dosimetry system is maintained.

Trieste, Italy 3-7 November 2025
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4.2..1. TIonization chambers - definition

of a reference class ionization chamber
(since AAPM TG-51 Addendum)

Parameter

Specification

Chamber settling

Monitoring chamber response with accumulated dose, equilibrium is
reached in less than 5 minutes; the initial and equilibrium reading agree
within 0.5 %.

Leakage

Smaller than 0.1 % of the chamber reading

Polarity effect

Smaller than 0.4% of the chamber reading. The polarity energy
dependence is less than 0.3% between ¢°Co and 10 MV photons.

Recombination
correction

1. The correction is linear with dose per pulse

2. Initial recombination (the part of the total charge recombination that is
independent of the dose rate or the dose per pulse) is below 0.2% at
polarizing voltages around 300 V.

3. For pulsed beams, a plot of 1/M, (charge reading) vs 1/V (polarizing
voltage) is linear at least for practical values of V.

4. For continuous beams, a plot of 1/M,, vs 1/V2 should be linear, describing
the effect of general recombination. The presence of initial recombination
disturbs the linearity but this is normally a small effect, which may be
neglected.

5. The difference in the initial recombination correction obtained with
opposite polarities is less than 0.1%.

Chamber stability

Change in calibration coefficient over a typical recalibration period of 2
years below 0.3 %. Same figure for long term (>5 y) stability

ICTP IAEA Training TRS-398 Rev.1 - Trieste, Italy 3-7 November 2025
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4.2.1. Cylindrical ionization chambers

TABLE 4. CHARACTERISTICS OF CYLINDRICAL CHAMBER TYPES (as stated by manufacturers)

lonization chamber \2:&'}; f;gg (r::;;g Wal! mi?kﬂiﬁ ;e:?th]e Waterproof
vpe @)  (mm)  (mm) material (g/on?) material

MNE 2571 0.69 24.1 3.2 Graphite 0,065 Alumininm No
PTW 30010 0.6 230 31 PhMA/graphite 0.057 Aluminium MNo
PTW 30012 0.6 230 3.1 Graphite 0.079 Aluminium MNo
PTW 30013 0.6 230 31 PMMA/graphite 0,057 Alumininm Yes
PTW 31010* 0.13 6.5 28 PMMA/graphite 0.078 Alumininm Yes
PTW 31013 0.3 163 28 PhMA/graphite 0.078 Aluminium Yes
PTW31021 007 48 2.4 PMMA/graphite 0.084 Aluminium Yes
IBA CCI3 0,13 58 3.0 552 0,070 552 Yes
IBA FC65-G 0.65 230 31 Graphite 0.073 Alumininm Yes
IBA FCo5-P 0.65 230 31 POM 0.057 Aluminium Yes
Exradin A12 0.64 nal 31 C-552 0.088 C-552 Yes
Exradin A19 0.62 nalt 31 C-552 0,088 C-552 Yes

*  Although PTW 31010 does not meet the reference class specification, as demonstrated in Ref [98], it is included here as an option for
flattening filter free beams, where a shorter thimble is potentially advantageous. Use of this chamber type requires additional characterization
and may result in a larger overall uncertainty in the determination of absorbed dose to water.

" n.a.:not applicable. Manufacturer data state 21.6 mm for the electrode length, and 26.5 mm (A12) and 26.2 mm (A19) for a so called ‘spot
size’, defined as the smallest circle that inscribes the collecting volume and shell.

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



4.2.1. Plane-parallel

TABLE 5. CHARACTERISTICS OF PLANE PARALLEL CHAMBER

TYPES FOR MEGAVOLTAGE PHOTON AND ELECTRON BEAMS

(adapted from Ref. [10])
Iomization chamber . Window  Electrode Collecting qud
type Materials thickness epacin electrode nng
PATE  diameter  width
Exradin A10 Kapton window 386 mg/cm® 2 mm 54mm 4.3mm
Markus type C-552 body 0.05 mm
chamber
Exradin 11* Wall and electrode in 1 mm 2 mm 20mm 44 mm
Roos type model P11: polystyrene
chamber polystyrene equiv. (P11)
model A11: C-552 C-552 (Al1)
IBA PPCO5 C-552 window and 176 mg/em® 05mm  10mm  3.5mm
body 1 mm
Graphited (PEEK")
electrode
IBA PPC40 PMMA and graphite 118 mg/em® 2 mm 16 mm 4 mm
Roos type window 1 mm
chamber Graphited electrode
IBANACP Mylar foil and 104 mg/cm® 2 mm 10 mm 3 mm
graphite window, 0.6 mm
PMMA body
Graphited electrode
PTW 34001 PMMA and graphite 132 mg/cm® 2 mm 16 mm 4 mm
Roos type window 1.13 mm
chamber Graphited electrode

ionization chambers

TABLE 5. CHARACTERISTICS OF PLANE PARALLEL CHAMBER

TYPES FOR MEGAVOLTAGE PHOTON AND ELECTRON BEAMS

{adapted from Ref. [10]) (cont.)

Ionization chamber . Window  Electrode Collecting anrd
type Materials thickness spacing cl.ectrode nng
diameter  width

PTW 34045 Polyethylene foil 106 mg/cm? 1 mm 5 mm 2 mm
Advanced Markus  window 13 mm
type chamber PMMA cap, PMMA  (incl cap)

body
PTW 23343° Polyethylene foil 106 mg/cm® 2 mm 53mm 02mm
Markus type window 1.3 mm
chamber PMMA cap, PMMA  (incl cap)

body
Sun Nuclear PMMA and graphite n.a® 2mm 156mm 41 mm
SNC350p window
Roos type Graphited electrode
chamber

? Exradin T11 is no longer recommended because of the hygroscopic nature of A-150

plastic.

" Polyetheretherketone (C,,H,;0;) 1.265 glem®.
¢ The PTW 23343 (Markus) chamber is included here, despite having a narrower guard
ning than specified m Section 4.2.1, as 1t 15 still commonly used for a range of beam
meodalities and applications.

n.a.: not applicable

13
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4.2.1. Other plane-parallel ionization

chambers

TABLE 6. CHARACTERISTICS OF PLANE PARATLEL IONIZATION
CHAMBERS USED FOR PROTONS AND HEAVIER ION BEAMS

TABLE 7. CHARACTERISTICS OF PLANE PARALLEL IONIZATION
CHAMBERS USED FOR X RAY DOSIMETEY AT LOW ENERGY

Tonization Cavity Collecting Window Window Tomization Cavity Collecting Window Window
chamber volume electrode terial thickness chamber volume electrode terial thickness
type (em?) diameter (mm) maten (mm) type (cm?®) diameter (mm) fmaten (mg/cm?)
PTW 34070 10.5 816 PMMA i47 PTW 23342 0.02 5.1 Polyethylene 2.76
PTW 34080 10.5 816 PMMA 0.62 PTW 23344 020 159 Polyethylene 276
PTW 34073 2.5 39.6 PMMA 1.13

Note:  For proton dosimetry, cylindnical chambers (Table 4) can also be used.

14
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4.2.2. Measuring assembly

The measuring assembly for the measurement of charge (or current)
includes an electrometer and a power supply for the polarizing voltage of the
ionization chamber. The electrometer should have a digital display and should be
capable of four digit resolution (i.e. 0.1% resolution on the reading). The variation
in the response should not exceed £0.2% over one year (long term stability).

The electrometer and the 1onization chamber may be calibrated together as

a complete system or separately. The latter option can be useful in centres that
have several electrometers and/or chambers.

It should be possible to reverse the polarity of the polarizing voltage, so
that the polarity effect of the ionization chamber can be determined. and to
vary the voltage in order to determine the collection efficiency, as described
Section 4.4.3.4. The available range of polarizing voltages should be 50400 V
for 1onization chambers used for radiotherapy dosimetry.

15



4.2.2. Measuring assembly
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4. 2.3. Phantoms

Water 1s the reference medium for measurements of absorbed dose for
medium energy X rays and photon, electron, proton and heavier ion beams.
The phantom should extend to at least 5 cm beyond all four sides of the largest
field size employed at the depth of measurement. There should also be a margin
of at least 5 g/em’ beyond the maximum depth of measurement, except for
medium energy X rays, in which case it should extend to at least 10 g/em?. In
practice, these requirements can be met with a standard 30 em = 30 cm > 30 cm
acrylic walled phantom available from many suppliers.

Solid phantoms in slab form, such as polystyrene, PMMA, and certain
water equivalent plastics such as Solid Water, Plastic Water and Virtual Water
(see Refs [103, 104]) may not be used for reference dosimetry, except in the case
of low energy X rays, where a PMMA phantom 1s permitted. However, Ref. [12]
mentions the possibility of using solid phantoms for some treatment machines
where the use of water phantoms is impractical. In these situations, only a
water equivalent solid phantom material may be used for reference dosimetry
and for the measurement of beam quality indices.

Plastic (slab) phantoms can be used for routine quality assurance

el Talan LSO PR A, that tharr harra haon rurrbnaliler  Anmvevaccianad hhar
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Water phantoms




Dosimetry is done in a phantom

Because it's a good model
for the human body

-

P e
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4.2.4. Waterproof sleeve

Unless the ionization chamber is designed so that it can be inserted
directly into water, it has to be used with a waterproof sleeve. The sleeve should
be made of PMMA, with a wall that is sufficiently thin (preferably not greater
than 1.0 mm in thickness) to allow the chamber to achieve thermal equilibrium
with the water in less than 10 min. The sleeve should be designed to allow the
air pressure in the chamber to reach ambient air pressure quickly; an air gap of
0.1-0.3 mm between the chamber and the sleeve 1s adequate. This specification

20



4.2.5. Positioning at the reference depth

The reference points is always on the inner surface of the
window at its centre for plane-parallel chambers and on the
central axis at the centre of the cavity volume for cylindrical
chambers. Sometimes this is positioned at the reference
depth, sometimes shifted according to the effective point of

measurement P, .




0 IR0

4.2.5. Positioning at the reference depth

for electron (ref&rel)

for photons (rel)

5 for protons (rel)

5 for carbon ions (ref&rel)

The reference points is always on the inner surface of the
window at its centre for plane-parallel chambers and on the
central axis at the centre of the cavity volume for cylindrical
chambers. Sometimes this is positioned at the reference
depth, sometimes shifted according to the effective point of

measurement P, .




Some subtlety in positioning of plane-
parallel chambers - TRS-398 (2000)

4.2.5.2. Chamber wall effects

The factor p,,,; included in calculated kQ'Qo factors corrects for the different radiation response of the

chamber wall material from that of the phantom material. However, p,,.; does not include the effect of
the different attenuation of the primary fluence by the chamber wall compared with the same
thickness of phantom material. When the calibration quality O, and the user quality O are the same,
this attenuation is accounted for in the calibration of the chamber. Even when Q, is not the same as Q,
the wall attenuation in photon beams is sufficiently small that cancellation may be assumed. On the
other hand, in charged particle beams, the attenuation due to the chamber wall can be significantly
different from that due to the same thickness of phantom material, and strictly, the water-equivalent
thickness of the chamber wall should be taken into account when calculating where to position the
chamber. In practice, for the wall thicknesses normally encountered the required adjustment is small
and may be neglected.

ICTP IAEA Training TRS-398 Rev.1 - Trieste, Italy 3-7 November 2025
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Positioning of plane-parallel chambers

4.2.5.2. Chamber wall effects

The factor pyzy included in calculated kg o factors in the previous TRS-398 data corrects

for the different radiation response of the chamber wall material from that of the phantom
material. However, pwan does not include the effect of the different attenuation of the primary
fluence by the chamber wall compared with the same thickness of phantom material. When the
calibration quality Q, and the user quality Q are the same, this attenuation 1s accounted for in
the calibration of the chamber. Even when @, i1s not the same as O, the wall attenuation in
photon beams is sufficiently small that cancellation may be assumed. On the other hand, in
charged particle beams, the energy loss due to the chamber wall can be significantly different
from that due to the same thickness of phantom material. and the water-equivalent thickness of
For the chambers listed in Tables 4 and 5 the difference between physical and water-equivalent
thicknesses 1s generally small (< 1 mm water).

24



4 3. Calibration of ionization chambers

4.3.1. Calibration in a ®°Co beam
4.3.2. Calibration in kilovoltage X rays
4 .3.3. Calibration at other qualities

25
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A robust system of D, standards

Water calorimetry

Cooling fluid

Graphite calorimetry

Beam
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Beam

il

Ionometry

(/P)w,c - Ww,c
(1 'E)w,c
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Calorimetry

Radiation energy turns into heat

heat is tiny, but measurable

27



Calorimetry - principle

oT 10D
D =c AT O _ pop 4 120
c AT/D o
(J.kg—l.K—l) (mKGy—l) (mz.s-l)
water 4180 0.24 144 x 107
graphite 710 1.41 0.80x 104

28




Calorimetry: principle

Mind: hold glass of water for 10 s

— the amount of energy put in corresponds to the
energy needed to kill a tumour! (but it is non-ionizing so
it doesn’t do anything)

— temperature rises of level mK

— influence of environment is huge

29
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Calorimeters: examples

Water calorimeter

graphite calorimeter

Cooling fluid|
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Dose determination with gas-filled
ionization chamber

Dmed = Dgas Smed,gas P

Q (Wgas/e) Q (Wgas/e)
Smed,gas P = S

Dieq =
Mgas Pgas Veav

med,gas P

Q : charge produced in the gas of the chamber
Wyast mean energy required to produce an ion-pair in gas

32
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D, from ionization chamber dosimetry
(Boutillon and Peroche 1993 Phys Med Biol 38 439-454)

Beam

(WP)w,c Ww,c |
(1 -S)W,C




Dose to water determination with air-
filled ionization chamber

_ Q (Wair/e)
Pair V;:av

DW Sw,air p

@ : charge produced in the air of the chamber
W,ir: mean energy required to produce an ion-pair in air

For commercially available chambers, the volume V., is not
known with the necessary accuracy

We have to rely on methods other than “first principles”,
which involve the use of ion chamber calibration factors 3
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Free-air chambers

primary standard of exposure (we measure the
ionisation per mass of air), rather than of air kerma
(we don’t measure the energy released)

every electron track producing ionisation which will be
collected should originate when a primary photon
scatters (or is absorbed) in air.

no electron track can reach the collecting electrodes.
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Free-air chambers
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Calibration in a °°Co beam

Py -> Dw,6°Co

D
M

w,60C0

. ND,W,6OCO —
corn60Co



Reference conditions for calibration in a

60Co beam

TABLE 8. REFERENCE CONDITIONS RECOMMENDED FOR THE
CALIBRATION OF IONIZATION CHAMBERS IN %Co GAMMA
RADIATION IN STANDARDS LABORATORIES

Influence quantity

Reference value or reference characteristic

Phantom material
Phantom size
Source—chamber distance®
Ajr temperature®

Air pressure

Reference point of the 1onization chamber

Water

30 cm x 30 cm x 30 cm (approximately)
100 cm

20.0°C *©

101.33 kPa

For cylindrical chambers, on the chamber
axis at the centre of the cavity volume

For plane parallel chambers. on the inner
surface of the entrance window, at the centre
of the window

TABLE 8. REFERENCE CONDITIONS RECOMMENDED FOR THE
CALIBRATION OF IONIZATION CHAMBERS IN ®Co GAMMA
RADIATION IN STANDARDS LABORATORIES (cont.)

Influence quantity

Reference value or reference characteristic

Depth in phantom of the reference point of
the chamber®

Field size at the position of the reference
point of the chamber

Relative humidity

Polarizing voltage and polarity

Dose rate

5 glem?

10 cm % 10 cm ¢

50% ®

No reference values are recommended, but
the values used should be stated in the
calibration certificate

No reference values are recommended, but
the dose rate used should always be stated in
the calibration certificate. The certificate
should also state whether a recombination
correction has been applied and, if so, the
value of the correction

After a water phantom with a plastic window has been filled, its dimensions may slowly

change with time. Evaporation may also be non-negligible. It may therefore be necessary
to check the source—surface distance and the chamber depth every few hours.

®  The temperature of the air in a chamber cavity should be taken to be that of the phantom,
which should be measured; this is not necessarily the same as the temperature of the

surrounding air.

¢ In some countries the reference air temperature is 22°C.

required (see Section 4.4.3.1).

Some laboratories use a set-up with a source—surface distance of 100 cm; in that case, the
field size is defined at the phantom surface.
For relative humidity values in the range 20%—80%. no correction for humidity is

ICTP IAEA Training TRS-398 Rev.1 - Trieste, Italy 3-7 November 2025
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Reference conditions for calibration in
low- or medium-energy x-ray beam

TABLE 9. REFERENCE CONDITIONS RECOMMENDED FOR
THE CALIBRATION OF IONIZATION CHAMBERS IN TERMS OF
ABSORBED DOSE TO WATER IN LOW AND MEDIUM ENERGY
X RAY BEAMS IN STANDARDS LABORATORIES

Reference value or reference characteristic

Influence quantity

Low energy X rays Medmum energy X rays

Phantom material PMMA or water equivalent Water
plastic designed for use 1n
kilovoltage X rays

Phantom size 12cm % 12 cm % 6 cm 30 cm % 30 cm % 30 cm

(approximate)
The phantom has to extend in the beam direction beyond the
ionization chamber by at least 5 g/cm® for low energy X rays
and 10 g/cm? for medium energy X rays, and in the lateral
direction far enough beyond the reference field size used to
ensure that the entire primary beam exits through the rear face
of the phantom

Source—surface Treatment distance as specified by the user®

distance

Air temperature® 20°C ©

Air pressure 101.3 kPa

Reference point of the  For plane parallel chambers, at  For cylindrical chambers, on

1onization chamber the centre of the outside
surface of the chamber window the cavity volume
(or of the buildup foil, if used)

Depth 1n phantom of Surface of the phantom 2 g/em?
the reference point of
the chamber

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

the central axis at the centre of

TABLE 9. REFERENCE CONDITIONS RECOMMENDED FOR
THE CALIBRATION OF IONIZATION CHAMBERS IN TERMS OF
ABSORBED DOSE TO WATER IN LOW AND MEDIUM ENERGY
X RAY BEAMS IN STANDARDS LABORATORIES (cont.)

Reference value or reference characteristic

Influence quantity

Low energy X rays Medium energy X rays
Field size at the Dependent on standards 10 cm = 10 cm or 10 cm
position of the laboratory; a minimum of 3 cm  diameter
reference point of the  in diameter or 3 cm % 3 cm
chamber?
Relative humidity*® 50%

Polanzing voltage and  No reference values are recommended, but the values used
polarity should be stated in the calibration certificate

Dose rate No reference values are recommended, but the dose rate used
should always be stated in the calibration certificate. The
certificate should also state whether a recombination correction
has been applied and, if so, the value of the correction

calibration.

®  The temperature of the air in a chamber cavity should be taken to be that of the phantom,
which should be measured; this is not necessarily the same as the temperature of the

surrounding air.
In some countries the reference air temperature 1s 22°C.

field size to that of the beams used clinically should be used.

(see Section 4.4.3.1).

If more than one source—surface distance 1s used, the greatest should be chosen for

If these field sizes do not correspond to any of the user’s clinical beams, then the closest

For relative humidity values in the range 20%—80% no correction for humidity is required
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Calibration in other qualities

P0'>D

w,Qo

W,QO

- N
D,w,
E M corr,Qy



4.4. Reference dosimetry in the user
beam

Dy, = Mg Np,w,q, kg,0

where

M, is the reading of the dosimeter incorporating the product
[1 k; of the correction factors for influence quantities

ko, is the correction factor that corrects for the

difference between the reference beam quality Q@ and the
actual quality Q being used. a1




4.4 2. Practical considerations

Stability checks (e.g., check source)
Thermal equilibration

Electrometer warm up
Pre-irradiation

Leakage

Repeatability (humber of readings)
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Radioactive check source

Warm up

Temperature and pressure
correction

Correction for decay
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4 4 2. Practical considerations, cont'd.

For relative dosimetry

(a) A transmission type monitor chamber intercepting the beam prior to the
phantom;

(b) A detector positioned in air between the radiation source and the phantom,
a few centimetres from the central axis;

(¢) A detector positioned within the phantom, a few centimetres from the
central axis.
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4.4 3. Corrections for influence quantities

Mg = Myaw Kelec KTp kpol ks kyor

Pressure and Temperature Polarity effect

_(273.15+T) . M| 4M
(273.15 +T,) po! 2M
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Ion recombination (generic)

Method 1 (2V): ks = ag+ a4 (Z—:) + a, (ﬂ)z

Method 2 (2V): k. = 71;_1 or ky=— —

Method 3 (Niatel):

— by —
kg 1+(n 1) (= 1)M1 or kg 1+(n 1)+(n2—1) 1

where 1+b, and b, are the intercept and
slope in a M;/M, versus M, plot for

different instantaneous dose rates or dose-per-pulse
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Jaffé plot

8.2

8.0 - -

7.8 1 Faa

7.2 1 o

7.0 1 -~ ¥o

6.8 17

6.6 L] I 1 L] Ll
0.00 0.01 0.02 0.03 0.04 0.05

1/v

EA Training TRS-398 Rev.1 - Trieste, Italy 3-7 November 2025



Jaffé plot
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Niatel method, e g., continuous beam

b,
kg =1 A e 1)+(n2 1)M1

Slope = b,
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Ion chambers, recombination
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Ion chambers, recombination
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Volume averaging

I, w(x,y)dxdy o
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4.5. Cross calibration of ionization
chamber / calibration beam

reference chamber chamber to be calibrated

60 . < ' 7 = ..

same
position

D?‘@f — Mr@fNYQf

D.w

as D, has to be the same for both chambers:




4.5. Cross calibration of ionization
chamber / non-calibration beam

reference chamber chamber chamber to be callbrated

[ %,
C’I 0SS - C’I 0SS

| same
p05|t|on
ref
C} 055

ef ref
Dw.Q, kQ(’ross 9

as Dy, ..., has to be the same for both chambers:

‘_moss k“f

X Ocross -Po
O

= Cross




Use of a cross-calibrated ionization
chamber

DW:Q = MQ ND:W:choss kQ:choss
where

M, is the reading of the dosimeter incorporating the product
[1 k; of the correction factors for influence quantities

K0,0.r0s¢ 1S The correction factor that corrects for the
difference between the cross-calibration beam quality Qcross
and the actual quality Q being used

KQQo _ Ko

kQIQCI“OSS =

- 57
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0 IRy ——

CODE OF PRACTICE FOR xxxx BEAMS

General
2. Dosimetry equipment
Tonization 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 D, under reference conditions

B. Values for kg g,
6. Cross calibration of field ionization chambers
7. Measurements under non-reference conditions

Central-axis depth-dose distributions

Output factors
8. Estimated uncertainty in D, under reference conditions
9. Worksheet
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