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The goal

Experimental
determination of the
shape of energy spectra of
primary X-ray photons
generated by clinical X-ray
devices.

Introduction

The knowledge of energy distribution of photon fluence is essential for various purposes, e.g., quality assurance and improved detector calibrations. Among others the European joint
research project TraMeXl (Traceability in Medical X-Ray Imaging Dosimetry, https://tramexi.com/) will compile a catalogue of clinical X-ray spectra to be used to find a new
representative set of reference radiation qualities for calibrations and type testing of dosimeters and X-ray multimeters aiming to decrease uncertainties in dosimetry measurements
of medical physicists and technical services. Measurements of X-ray spectra under clinical conditions are difficult and were only reported sporadically by several groups. Now, for the
first time, improved equipment and setup made it possible to determine a wider range of these spectra. More than 100 different spectra generated by a range of X-ray devices from
general radiography, fluoroscopy, interventions, and dental applications were measured with CdTe spectrometers.

X-Ray Spectrometry

X-Ray Spectrometer

Measurement Setup

= A method to determine energy distribution of = Compact detector X-123CdTe with Detector positioned on a tripod with sliding platforms;
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photons in X-ray beams; cadmium—telluride sensor (3x3x1 mm3); Alignment of the detector axis towards the anode focus point
" Photons originated directly in anode are " |ntegrated electric cooling down to 215 K; (source of photons) is crucial — realized using tools imaging two
measured, scattered photons are suppressed; " FEasy handling and transportation. distant points into one projection;
®  Characterization of the detector is necessary: Strong Shl@ldlng and collimation is needed to reduce the
energy calibration, Monte Carlo simulations, etc. number of photons reaching the detector: diameter of
" Measured detector spectrum + response matrix collimation hole down to 50 um;
. ] : . : . :
of detector + unfolding procedure = fluence Setup assembly and alignment: 1 hour. Disassembly: 10 min.
spectrum of primary photons. " Spectrum acquisition: typically 15 min, depending on the X-ray
device.
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Example of observed effects
Different maximum energy Voltage ripple Rhenium characteristic peaks Anode aging Conclusions
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the spectrum differs from the

FFECT 1: The maximum energy of

EFFECT 2: Tube voltage variations
during irradiation. Spectrum end-

EFFECT 3: Characteristic photons
emitted from rhenium (Re)

EFFECT 4: Change of spectrum shape
behind tungsten K-edge energy

preset nominal tube voltage. point is blurred. element A because of Mw measured
| present in the roughening the N ‘ expected Spectrometers;
tungsten (W) anode surface caused | =~ %
Vi alloy, which by burning off by N
40 50 40 70 anode is made electron beam during \
Nominal voltage 50 kV. Nominal voltage 50 and 70 kV. of. X-ray device usage. 0 TR,
1) gmVam czECH 2) kb ) 7 @) j 15) (©) @ t k uncertainty of 10 % stated by manufacturers;
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= |Large number of X-ray spectra generated by various
diagnostic and interventional radiology X-ray imaging
equipment were reliably measured with cadmium-telluride

HVL obtained from spectrometry were compared to another
methods; for reference RQR qualities agreement typically

within 1.3 % was achieved; for clinical spectra HVL
obtained with X-ray multimeters was typically higher by

= The ability to measure clinical X-ray spectra boosts up the
aim of the TraMeXI project to recommend new reference
radiation qualities for calibration laboratories allowing to
decrease uncertainties in dosimetry measurements of
medical physicists and technical services.

about 3 % in average; source of the difference will be further
studied within Tramexi project but it is well below XMM
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