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Introduction

• In medium-energy x-ray beams an overall 
correction factor, pQ, is required to determine the 
absorbed dose to water (Dw) using an ionization 
chamber (IC) calibrated in terms of air kerma (Kair).

• In dosimetry protocols pQ values are available for a 
few chamber types, mainly based on calculations.

• In the last few years, medium-energy Dw primary 
standards have been developed, allowing direct 
measurements of pQ for ICs currently used in 
radiotherapy dosimetry. 
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Purpose

In this work the Dw primary standard based 
on an in-water-phantom graphite calorimeter 
recently established[1] at the ENEA-INMRI is 
used to measure pQ factors for a Farmer type 
ionization chamber (model PTW 30013) at 
the reference depth of 2 g/cm2 in 250kV and 
180 kV x-ray beams .
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[1] Pinto et al Phys. Med. Biol. 61 (2016) 1738-1764



Methods

• For the beam quality Q, pQ is obtained as

• ND,w,Q is determined against the ENEA-INMRI 
absorbed-dose-to-water primary standard.

• NK,Q is determined against the ENEA-INMRI air-
kerma primary standard. 

• (µen/ρ)w,air values are taken from the IAEA TRS 
277 protocol (IAEA, 1987).
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Calibration in terms of air kerma
(NK,Q = Kair,Q/MQ)

Medium energy X-ray tube
Collimator (the beam diameter is
10 cm at 100 cm from the source)

MQ is obtained by the PTW 30013 ionization chamber irradiated in air with
its reference point positioned where Kair,Q is established by means of the
ENEA-INMRI free-air ionization chamber (partially visible on the right).
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Calibration in terms of Dw
(ND,w,Q = Dw,Q/MQ)

Dw,Q is measured at 2 g/cm2 water
depth by means of the miniaturized
graphite calorimeter placed in a
cubic water phantom (20 cm side).

MQ is obtained by the PTW 30013 IC
irradiated in water with its
reference point at 2 g/cm2 depth in
the calorimeter water phantom.
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Results

• The pQ values are average values from four PTW30013 
ionization chambers.

• The standard deviation of the measured pQ values is 
0.2%, showing excellent reproducibility of the chamber 
characteristics.
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Generating potential (KV) 180 250

HVL (mm Cu) 0.996 2.498

1.068 1.089

pQ 0.998 1.012
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Uncertainty budget
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Source of uncertainty Estimated uncertainties

(1SD, %)

ND,w,Q 1.7

NK,Q 0.4

0.5

Combined relative 
standard uncertainty of pQ

1.8

Q


















w,air

en

ρ
μ

At present the pQ uncertainty is comparable to that typically 
reported in the dosimetry protocols (1.5%-3%), however 
its largest component (1.7% of ND,w,Q) is expected to be 

significantly reduced by the on-going improvements on the 
in-water-phantom graphite calorimeter.



Conclusions

• The new Dw primary standard based on 
graphite calorimetry allowed independent 
determinations of pQ factors for the PTW 
30013 ionization chamber for two medium-
energy x-ray qualities.

• Although affected by a quite large uncertainty 
(1.8%) the pQ values determined in this work 
confirm and strengthen the recent 
determinations based on water calorimetry.
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