N

N

Contribution of X-ray tomography for primary
references and their transfer for ionizing radiation doses
jean-marc bordy, Philippe Anglade, Frank Delaunay, Lauren Enghein, Julien

Jurczak, Benjamin Rapp

» To cite this version:

jean-marc bordy, Philippe Anglade, Frank Delaunay, Lauren Enghein, Julien Jurczak, et al.. Con-
tribution of X-ray tomography for primary references and their transfer for ionizing radiation doses.
CIM 2021 - 20th International Congress of Metrology, Sep 2021, Lyon, France. . cea-04276083

HAL Id: cea-04276083
https://cea.hal.science/cea-04276083
Submitted on 8 Nov 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://cea.hal.science/cea-04276083
https://hal.archives-ouvertes.fr

LIN=

LABORATOIRE NATIONAL

DE METROLOGIE ET D’ESSAIS

Jean-Marc Bordy?, Philippe Anglade?, Frank Delaunay?, Lauren Enghein?, B—
Julien Jurczak?!, Benjamin Rapp? LhHB

1CEA, LIST, Laboratoire National Henri Becquerel, F-91191 Gif-sur-Yvette, France. Henri Becquerel

’Nikon Metrology, 39 rue du bois Chaland, 91090 LISSES n
universite
PARIS-SACLAY

ray tomography for primary references
for lonizing radiation doses.

Introduction

Until now, X-ray tomography Is used sometime in addition to X-ray radiography to check the final assembly of detectors. Advances in X-ray tomography suggest that a direct determination of key parameters
after mounting Is possible. Tests were carried out with the means and the personnel of the NIKON company on prototypes of 1onization chamber in order to highlight the interest and the limits of this method.

Introduction (air kerma primary measurements)

The effective charge collection volume, V, created inside the primary ionization chamber is a key parameter for the traceability of air kerma national references to the S.1I.
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The primary 1onization chambers (LNHB’s design) are made of graphite (electrodes), metal (guard electrodes and wires) and plastic material for insulator. Until now, V comes from dimensional and volume
measurements of the chamber components (electrodes, insulator, shells) before the final assembly.
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The uncertainty associated with X-ray tomography (0.29%) is 10 time higher than the one associated with the former method (0,029%) , the difference between V and V., being 0.29%, the results would be
compatible at k=1. Even If today, one still relies on dimentional methods, the significant progress made in recent years allows hopinge for even better performance in the future.

Introduction (Dose Area Product for radio-therapy)

Today, the traceability to the S.1. of "doses" delivered to the patient's tumor in radiotherapy Is based on the measurement of the absorbed dose at a point in a field of 10x10cm? (IAEA protocol 398). The national
reference for this quantity Is obtained by means of calorimeters and the transfer to hospitals is done using 1onization chambers. In both cases the detector is small compared to the size of the radiation field.

Clinical practice has evolved In recent years towards a drastic reduction In radiation field sizes in order to conform the irradiated volume as closely as possible to that of the tumor while sparing surrounding
healthy tissue. Thus, the field size becomes in a majority of cases smaller than to the cross-sections of the calorimeter and the transfer ionization chamber. To overcome this problem, the current approach Is to
correct the measurement (IAEA 483), which drastically increases the uncertainty associated with the amount of radiation delivered during the treatment.

A new paradigm Is explored by the CEA LIST LNHB, by replacing the absorbed dose at a point by an integrated absorbed dose measurement over a given surface. This new quantity is called the dose-area
product, It is defined using graphite calorimeter (primary detectors) and transferred using flat 1onization chamber whose detection areas are larger than the field size. Thus, the determination of the effective

collection area becomes the critical parameter for the traceability of doses delivered in radiotherapy.
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The combined uncertainty, u., of the tomographic measurements is computed as it is for the above example,
In the present case the voxel side Is 71 pm.
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The difference between the nominal radius value of R (15 mm) nd the one obtained by tomography (14.92 mm) leads to a deviation on the effective collection area of 0.5%.The standard uncertainties based on
the machining tolerances and on the tomographic measurements are similar: 0.14% and 0.11% respectively. The difference in area values Is therefore significant. The evaluation by X-ray tomography being
carried out after the final assembly of the detector, this last value is retained especially since during the assembly mechanical adjustments had to be made.

Conclusions & perspectives

In both cases studied (surface and volume) significant differences are found for the values of the parameters calculated according to the usual methods and the X-ray tomography. While in the case of the volume
the analysis leads to favor the classical measurements, in the case of the surface it is the opposite. The uncertainty analysis also leads to different conclusions depending on the case. Thus, for the evaluation of
the volume the traditional techniques are much more precise whereas for the measurement of surface the results in terms of uncertainties are equivalent but with the advantage of an analysis in situ. These results
were made possible thanks to the very good quality of the images acquired by NIKON which allow a precise analysis after assembly.
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