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Background

PTW 23342 or PTW 23344 chamber calibrated in the 
phantom directly in terms of absorbed dose to water.



Electrons are accelerated 
by a high voltage

Heated filament emits 
electrons by 
thermionic emission

X-rays produced when 
high speed electrons 
strike the metal target

Copper anode-oil cooled 
for heat dissipation

Production of X-rays



Definition of low and medium energy X rays.
Low energy X rays beams.

X ray beams with generating potential between 
10 kV and  100 kV (HVL: 0.03-5 mm Al ). 

Medium energy X rays beams.

X ray beams with generating potential between 80 kV and  
300 kV (HVL: greater than 2 mm Al). 

Photon fluence and energy fluence spectra at 1 m from 
the target of an x-ray machine with tube potential 250 
kV and added filtration of 1 mm Al and 1.8 mm Cu 
(target material: W; inherent filtration 2 mm Be).



Picture of external filters



PTW 23342 or PTW 23344 chamber calibrated in the 
phantom.

Applicators



Mass attenuation coefficients for photons in 
water.



Percentage depth dose curve



Primary standards for low and 
medium energy X ray dosimetry

PTW 23342 or PTW 23344 chamber calibrated in the 
phantom directly in terms of absorbed dose to water.



Primary Standard of air kerma-Free air chamber

𝑴𝒓𝒂𝒘
𝑾𝒂𝒊𝒓

𝒆
𝟏
𝝆𝒗

𝝅
𝟏 − 𝒈

𝒌𝒉
Wair is the energy needed to create and ion pair in dry air

e         is the electron charge

𝝅 are corrections (10) such as kpol ks, field distortion……

g        is the fraction of energy lost to bremsstrahlung

𝒌𝒉 is the correction to 50% relative humidity

𝝆 is the density of dry air

V         is the collecting volume of the free air chamber

The air kerma, in terms of grays



Primary Standard of air kerma-Free air chamber

FAC for  X ray energies up to 50 kV



A chamber calibrated directly in terms of absorbed 
dose to water for medium energy X-rays.

water calorimeter
𝑫𝒘 =

𝑪𝒑∆𝑻𝒌
𝟏 − 𝒉

Cp is the specific heat capacity of water
∆𝑻 is the temperature rise due to the radiation
h        is the heat defect
k        are correction factors for perturbation, thermal 
conduction….

Note
For a dose of 1Gy the temperature rise is 
approximately 2x 10-4 C. For medium energy X 
rays the dose rate is approximately 0.3 
Gy/min and less for low energy X rays.



Medium energy kilovoltage X-ray beams

(80 kV to 300 kV, 
with HVL greater than 2 mm Al)

PTW 23342 or PTW 23344 chamber calibrated in the 
phantom directly in terms of absorbed dose to water.



An ionization chamber with a graphite wall and aluminum central electrode
such as a PTW 30012, IBA FC65-G or NE 2611.

Ionization chamber



Section 4.2.1
kion: continuous 
radiation so 
general 
recombination is 
dependent on 
dose-rate.

General 
recombination is 
negligible so only 
initial radiation
kion˂0.2%.



Reference conditions for medium energy X ray 
dosimetry.

Influence quantity Reference characteristics

Phantom material water
Measurement depth 2 g/cm2

Reference point of the 
chamber

On the central axis at the centre of the 
cavity volume

Source to surface distance Usual treatment distance as 
determined by the reference applicator

Field size 10 cm x 10 cm or a diameter of 10 cm



A chamber calibrated in terms of air kerma
free in air.



Medium energy X ray dosimetry for a chamber 
calibrated in terms of air kerma

𝑫𝒘,𝑸𝒁%𝟐 = 𝑴𝑸
𝒛%𝟐𝑵𝑲,𝒂𝒊𝒓

𝑭𝑰𝑨 %𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝒛%𝟐
𝒑𝒄𝒉

𝑴𝑸
𝒛%𝟐 is the reading from the chamber placed at 2 cm deep in 

water corrected for temperature and pressure, ks, kpol

𝑵𝑲,𝒂𝒊𝒓
𝑭𝑰𝑨 is the air kerma calibration coefficient corrected for standard

ambient conditions, for the quality of the incident beam

!𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝒛+𝟐 is the ratio of mass energy absorption coefficients of  water 
to air averaged over the spectrum at 2 cm deep in water,

𝒑𝒄𝒉 is the chamber correction factor



pch,Q =kα . kst . prep . k sleeve
kα allows for the energy and angular dependence 
of the response of the ionization chamber in the water 
phantom compared with the response of the same 
chamber when calibrated in-air,

kst accounts for the influence of the stem on the 
response of the ionization chamber in-water and free in-
air,

prep accounts for the replacement of the phantom 
material by the active volume of the ionization chamber,

ksleeve accounts for the effect of the waterproof sleeve 
on the response of the ionization chamber.



Medium energy X ray dosimetry for a chamber 
calibrated in terms of absorbed dose to water

𝑫𝒘,𝑸𝒁*𝟐 = 𝑴𝑸
𝒛*𝟐 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏𝑵𝑫,𝑾,𝑸

𝒛*𝟐 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃𝒌𝒈,𝑸𝒁*𝟐 𝒇 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑵𝑫,𝑾,𝑸
𝒛*𝟐 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃

is the absorbed dose to water calibration coefficient 
at the standards laboratory field size and SSD

𝒌𝒈,𝑸𝒁*𝟐 𝒇 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏
is the geometry correction factor given by the ratio 
of calibration coefficients in the clinic to that in the 
standards laboratory.



The geometry correction factor for medium 
energy X rays.

𝒌𝒈,𝑸𝒛+/ 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏 =
𝑵𝑫,𝒘,𝑸
𝒛+/ 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑵𝑫,𝒘,𝑸
𝒛+/ 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃

=
𝑁4,567,89:; 𝑓, 𝑆𝑆𝐷 <=6>

𝑁4,567,89:; 𝑓, 𝑆𝑆𝐷 =5?

𝜇@> 𝑄, 𝑓, 𝑆𝑆𝐷 <=6>
𝜌 A,567

B+/

𝜇@> 𝑄, 𝑓, 𝑆𝑆𝐷 =5?
𝜌 A,567

B+/
𝑝<C,8 𝑓, 𝑆𝑆𝐷 <=6>

𝑝<C,8 𝑓, 𝑆𝑆𝐷 =5?



b combined standard uncertainty with the 
user dosimeter calibrated directly at the 
PSDL.

95% confidence level (k=2)



Field output factor for medium energy X rays

𝛀 =
𝑫𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑫𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇

≈
𝑴𝑸
𝒁&𝟐 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏 '𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝒛&𝟐
𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑴𝑸
𝒁&𝟐 𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇 '𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝒛&𝟐
𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇



Low energy kilovoltage X-ray beams

(10 kV to 100kV, HVL: 0.03 to 5 mm Al)

PTW 23342 or PTW 23344 chamber calibrated in the 
phantom directly in terms of absorbed dose to water.



Equipment used for low energy kV 
X-ray dosimetry.

Chambers: PTW 23344 –volume 0.2cc, PTW 23342-volume 0.02 cc,
Above 70 kV, Farmer type chamber with graphite wall and 
Al central electrode. 



Build up for PTW 23344 and 23342 chambers
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50 kVp, 1Al, 1 Be, 5 00 air

PTW 23242/4 ion chamber 
window

When used above 40 kV, need an addition 0.2 mm of build-up 
(PMMA, polyethylene or mylar foils). 



Low energy kV X-ray energy

1. PTW 23342 or PTW 23344 chamber calibrated free in air 
in terms of air kerma. 

2. Above 70 kV a Farmer type chamber with an aluminum 
central electrode and graphite wall is calibrated free in 
air in terms of air kerma. 

3. PTW 23342 or PTW 23344 chamber calibrated in PMMA 
phantom directly in terms of absorbed dose to water.



Influence quantity Reference characteristics

Measurement point Free in air at the end of the applicator
Reference point of the chamber Plane parallel chamber: at the centre 

of the chamber outside surface of the 
chamber window (or foil if used).

Cylindrical chamber: on the chamber 
axis at the centre of the cavity volume.

Source to surface distance Usual treatment distance as 
determined by the reference 
applicator

Field size 10 cm x 10 cm or a diameter of 10 cm

Reference  conditions for the determination of absorbed dose to 
water in low energy X ray beams using in-air method.



Free in air measurement using a Farmer type chamber



Low energy X ray dosimetry for a chamber 
calibrated in terms of air kerma

𝑫𝒘,𝑸
𝒔𝒖𝒓𝒇𝒂𝒄𝒆 = 𝑴𝑸

𝑭𝑰𝑨𝑵𝑲,𝒂𝒊𝒓
𝑭𝑰𝑨 !𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝑭𝑰𝑨
𝑩𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑴𝑸
𝑭𝑰𝑨 is the reading on the chamber Free In Air corrected 

for temperature and pressure, ks, kpol

𝑵𝑲,𝒂𝒊𝒓
𝑭𝑰𝑨 is the air kerma calibration coefficient corrected for standard

ambient conditions, for the quality of the incident beam

!𝝁𝒆𝒏 𝑸 𝝆 𝒘,𝒂𝒊𝒓

𝑭𝑰𝑨 is the ratio of mass energy absorption coefficients of  water 
to air averaged over the spectrum Free In Air,

𝑩𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏 is the backscatter factor



Backscatter factor

𝑩𝒘,𝑸 =
𝑲𝒘,𝒛%𝟎

𝑲𝒘,𝒂𝒊𝒓

𝑲𝒘,𝒂𝒊𝒓 𝑲𝒘,𝒛&𝟎



Variation of the backscatter factor with HVL for 
different beam diameters (d) , source to 
surface distance =20 cm
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Low energy X ray dosimetry for a chamber 
calibrated in terms of absorbed dose to water



𝑫𝒘,𝑸
𝒔𝒖𝒓𝒇𝒂𝒄𝒆(𝒇, 𝑺𝑺𝑫) = 𝑴𝑸

𝑷𝑴𝑴𝑨 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏𝑵𝑫,𝑾,𝑸𝑷𝑴𝑴𝑨 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃𝒌𝒈,𝑸𝑷𝑴𝑴𝑨 𝒇 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑵𝑫,𝑾,𝑸𝒛&𝟐 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃
is the absorbed dose to water calibration coefficient at the 
standards laboratory field size and SSD.

𝒌𝒈,𝑸𝒁&𝟐 𝒇 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏
is the geometry correction factor given by the ratio of calibration 
coefficients in the clinic to that in the standards laboratory.



The geometry correction factor for 
low energy X rays.

𝒌𝒈,𝑸𝑷𝑴𝑴𝑨 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏 =
𝑵𝑫,𝒘,𝑸
MNN; 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑵𝑫,𝒘,𝑸
MNN; 𝒇, 𝑺𝑺𝑫 𝒍𝒂𝒃

=
𝑁4,567,8MNN; 𝑓, 𝑆𝑆𝐷 <=6>

𝑁4,567,8MNN; 𝑓, 𝑆𝑆𝐷 =5?

𝜇@> 𝑄, 𝑓, 𝑆𝑆𝐷 <=6>
𝜌 A,567

MNN;

𝜇@> 𝑄, 𝑓, 𝑆𝑆𝐷 =5?
𝜌 A,567

MNN;
𝐵A,8 𝑓, 𝑆𝑆𝐷 <=6>

𝐵A,8 𝑓, 𝑆𝑆𝐷 =5?



c combined standard 
uncertainty with the user 
dosimeter calibrated directly 
at the PSDL.

95% confidence level (k=2)



Field output factor for low energy X rays

𝛀 =
𝑫𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑫𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇

≈
𝑴𝑸
𝑭𝑰𝑨 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏𝑩𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒄𝒍𝒊𝒏

𝑴𝑸
𝑭𝑰𝑨 𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇𝑩𝒘,𝑸 𝒇, 𝑺𝑺𝑫 𝒓𝒆𝒇



Beam Quality Index: 
Half Value Layer

PTW 23342 or PTW 23344 chamber calibrated in the 
phantom directly in terms of absorbed dose to water.



The thickness of a specified absorber which reduces 
the beam intensity to half its original value. 

Low energy X rays
Specified in mmAl (0.03-5 mmAl )

Medium energy X rays
Specified in mm Cu (greater than 2 mmAl)

Definition of HVL



HVL measurement set-up



1. Scatter free conditions
- detector placed at least 50 cm from

the attenuating material and diaphragm.
- absorber placed mid-way between X-ray

tube and detector
- place chamber at least 40 cm away from

any scattering material.

2. Ionisation chamber should have a limited beam
quality dependence (if energy response varies by
more than 2 % over the quality range then each
measurement should be converted to air kerma)

Requirement of HVL measurement



3. Absorber should be of high purity material
(99.9% pure).

4. Thickness of the absorber should be measured
to an accuracy of 0.05 mm.

5. Thickness of the diaphragm must be thick
enough to attenuate the primary beam to 0.1%

6. The beam diameter defined by the
diaphragm should ensure that the sensitive
volume of the chamber is fully envelope the beam.

Requirement of HVL measurement



Examples of HVL measurements







Taken from Andreo P, Data for the dosimetry of low- and medium-energy kV x rays, 
Phys. Med. Biol. 64 (2019) 205019 (19pp) 





GUI: http://kvx-rays.iaea.org/




