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Dose to water under non-ref. conditions

Physics basic beam data acquired:

Experimental data
Lat-integrated Depth Dose Distributions (mono-en. pencil
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The International Journal of Medical Physics Research and Practice

Research Article

Characterization of a multilayer ionization chamber prototype
for fast verification of relative depth ionization curves and
spread-out-Bragg-peaks in light ion beam therapy

Alfredo Mirandola @&, Giuseppe Magro, Marco Lavagno, Andrea Mairani, Silvia Malinelli,
Stefania Russo, Edoardo Mastella, Alessandro Wai, Davide Maestri, Vanessa La Rosa, Mario Ciocca

First published: &6 April 2018 | hittps://dei.org/10.1002/mp.12866
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Transversal dose profiles in air
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Dose to water under ref. conditions

TABLE 30. REFERENCE CONDITIONS FOR THE DETERMINATION OF
ABSORBED DOSE IN PROTON BEAMS

Influence quantity Reference value or reference characteristics D _ M k
Phantom material Water \i; Q QND, W, Q 0 Q A Q 0

Chamber type ForR 205 g/em? | cylindrical and plane parallel
For R < 0.5 g/em? | plane parallel

Measurement depth z,; Middle of the SOBP*

Reference point of the chamber For plane-parallel chambers, on the inner surface
of the window at its centre

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

Position of the reference point  For plane-parallel and cylindrical chambers, at the point
of the chamber of measurement depth z

SSD Clinical treatment distance

Field size at the phantom 10 em X 10 cm, or that used for normalization of the
surface output factors whichever is larger. For small field
applications (i.e. eye treatments), 10 cm X 10 cm or the
largest field clinically available

3 The reference depth can be chosen in the ‘plateau region’, at a depth of 3 g/em?, for clinical
applications with a monoenergetic proton beam (e.g. for plateau irradiations).

IAEA TRS 398 (2000)




e WellhOfer IC69
PTW 30001

.. ExradinT2

NE 2581

FWT IC-18

loni carbonio: dipende solo dalla camera, non da qualita fascio
(current lack of experimental data!)

TABLE 11.II. CALCULATED VALUES OF kp FOR HEAVY-ION BEAMS. FOR VARIOUS
CYLINDRICAL AND PLANE-PARALLEL IONIZATION CHAMBERS

Tonization chamber type *

Cviindrical chambers
Capintec PR-05P mini
Capintec PR-05 mini
Capintec PR-06C/G Farmer




TABLE 10.IV. ESTIMATED RELATIVE Y * OF D,,p AT THE REFERENCE
DEPTH IN WATER AND FOR A CLINICAL PROTON BEAM. BASE) ON A CHAMBER CALIBRATION
IN ®Co GAMMA RADIATION

Physical quantity or procedure Relative standard uncertainty (%)

User chamber type: cylindrical plane-parallel
Step 1: Standards Laboratory sspr’® ssprL*®
Np, calibration of secondary standard at PSDL 0.5 0.5
Long term stability of secondary standard 0.1 0.1
Np,ycalibration of the user dosimeter at the standards laboratory 0.4 0.4
Combined uncertainty in Step 1 0.6 0.6

Step 2: User proton beam

Long-term stability of user dosimeter
Establishment of reference conditions
Dosimeter reading My relative to beam monitor

Combined standard uncertainty in D, o (Steps 1 + 2)

TABLE 11.1I1. ESTIMATED RELATIV TNC TY * OF D, g AT THE REFERENCE
DEPTH IN WATER AND FOR A CLINICAL HEAVY-ION BEAM. B)SED ON A CHAMBER
CALIBRATION IN ®Co GAMMA RAD

Physical quantity or procedure Relative standard uncertainty (%)
User chamber type: cylindrical plane-parallel

Step 1: Standards Laboratory SSDL*® SSDL*®

o Np,, calibration of secondary standard at PSDL 0.5 0.5

(VS 1 . 5 A) p h oto n S ) Long term stability of secondary standard 0.1 0.1
Npcalibration of the user dosimeter at the standard laboratory 0.4 0.4

Combined uncertainty in Step 1 ; 0.6

Step 2: User heavy-ion beam

Long-term stability of user dosimeter
Establishment of reference conditions
Dosimeter reading Mp relative to beam monitor

Combined standard uncertainty in D,, o (Steps 1 + 2)
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Determination of ion recombination and polarity effect correction
factors for a plane-parallel ionization Bragg peak chamber under
proton and carbon ion pencil beams

AMirandola"’, G Magro', D Maestri', A Mairani', E Mastella', S Molinelli', S Russo', A Vai' and M Ciocca'

' CentroNazionale di Adroterapia Oncologica {CNAO Foundation), [-27100 Pavia, Italy
* Heidelberg lon Beam Therapy Center {HIT ), DE-69120 Heidelberg, Germany

Recombination correction factors were LET and energy dependent, ranging from 1.000 to 1.040
(£0.5% ) for carbon 1ons, while nearly negligible for protons. Moreover, no corrections need to be
applied due to polarity effect being <0.5% along the whole IDDs for both particle types. IDD"s
showed a better agreement than uncorrected curves when compared to MC, with a reduction of the
mean absolute variation from 1.2% to 0.9%.




Phys Med Biol 66 {2021) 145012 https:/ /doborg/ 10,1088 /13616560, acldid
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Water calorimetry-based k factors for Farmer-type ionization
chambers in the SOBP of a carbon-ion beam

Kim Marina Holm'~ (3, Oliver Jakel*** © and Achim Krauss'

Abstract

The dosimetry of carbon-ion beams based on calibrated ionization chambers (1Cs) still shows a
significantly higher uncertainty compared to high-energy photon beams, a fact influenced mainly by
the uncertainty of the correction factor for the beam quality k. Duetoa lack of experimental data, kg,

factors in carbon-ion beams used today are based on theoretical calculations whose standard
uncertainty is three times higher than that of photon beams. To reduce their uncertainty, inthis work,
kg factors for two ICs were determined experimentally by means of water calorimetry for the spread-
out Bragg peak ofa carbon-ionbeam, these factors are presented here for the first time. To this end,
the absorbed dose to water in the *C-SOBP is measured using the water calorimeter developed at
Physikalisch-Technische Bundesanstalt, allowing a direct calibration of the 1Cs used (PTW 30013 and
[BA FC65G) and thereby an experimental determination ofthe chamber-specific k¢, factors. Based on
a detailed characterization of the irradiation field, correction factors for several effects that influence
calorimetric and ionometric measurements were determined. Their contribution to anoverall
uncertainty budget of the final k;, factors was determined, leading to astandard uncertainty for kg, of
0.69%, which means a reduction by a factor of three compared to the theoretically calculated values.
The experimentally determined values were expressed in accordance with TRS-398 and DIN 6801-1
and compared to the values given there. A maximum deviation of 2.3% was found between the
experiment and the literature.
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Correction method of measured images of absorbed dose for quenching
effects due to relatively high LET
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Fig. 5. Central dose profile in BW 3 extracted from a dose image achisved with an EBET3
130 :-.:I'T MeV film and profile calculated by the Syngo TPS.
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Fig. 3. Central depth-dose profiles measured with RET3 films (lower profiles) and
calculated by Monte Carlo simulations (higher profiles).
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Dosimetric characterization of a silicon diode detector in cyclotron-based
passively scattered and synchrotron-based scanning clinical proton beams

Luigi Raffaele®, Mario Ciocca®, Alfredo Mirandola®, Sofia Spampinato®*, G.A. Pablo Cirrone?
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Fig. 5. Bragg peak curves measured by the diode and the Advanced Markus
ionization chamber for the 62 MeV unmedulated proton beam.
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Fig. 12, Bragg peak curves measured by the diode and the Advanced Markus
ionization chamber in the 149 MeV scanning proton beam.




Dosimetric characterization of a microDiamond detector in clinical
scanned carbon ion beams
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A GEMPix-based integrated system for measurements of 3D dose
distributions in water for carbon ion scanning beam radiotherapy

Johannes Leidner®
CERN, 1211 Geneva 23, Switzerland
Physics Institute 3B, RWTH Aachen University, 52074 Aachen, Germany

Mario Ciocca
Fondazione CNAO, 27100 Pavia, Iraly
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Mailed dosimetry intercomparison
for ocular proton RT facilities
(IFJ PAN, Cracovia, PL)

TLD, alanine,
Gafchromic film




End-to-end test: IMRT and protons

Background and purpose: In the next few years the number of facilities providing ion beam therapy with
scanning beams will increase. An auditing process based on an end-to-end test (including CT imaging,
planning and dose delivery) could help new ion therapy centres to validate their entire logistic chain
of radiation delivery. An end-to-end procedure was designed and tested in both scanned proton and car-
bon ion beams, which may also serve as a dosimetric credentialing procedure for clinical trials in the
future. The developed procedure is focused only on physical dose delivery and the validation of the bio-
logical dose is out of scope of the current work.
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End-to-end tests using alanine dosimetry in scanned proton beams

A Carlino'?, C Gouldstone?, G Kragl', E Traneus®, M Marrale’, S Vatnitsky', M Stock' and H Palmans'~

! EBG MedAustron GmbH, Marie Curie-Strafle 5, A-2700 Wiener Neustadt, Austria

? National Physical Laboratory, Hampton Road, TW11 0LW Teddington, United Kingdom

* Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Edificio 18,90128 Palermo, ltaly
* RaySearch Laboratories AB, Sveaviigen 44, PO Box 3297, Stockholm, Sweden

Campo misto di radiazioni e dip.
risposta rivelatori solidi da E, LET
(quenching effect): correzioni
sino al 3.5% con simulazioni Monte
Carlo

Currently the Radiological Physics Center (RPC) is auditing pro-

ton facilities following a procedure based on OSLDs and TLDs [36].

Radiotherapy and Oncology 108 (2013) 56-106 However, these detectors used by RPC for dosimetry measure-
ments may not provide suitable accuracy for scanned carbon
beams as the LET dependence for TL detectors requires serious ef-
fort in understanding and evaluation of correction factors [37,38].

Contents lists available at SciVerse ScienceDirect

Radiotherapy and Oncology

ELSEVIER journal homepage: www.thegreenjournal.com

Contrary to TLDs, where the correction factors for scanning car-
Dosimetry bon beams are not yet established, the presented results for the
Dosimetry auditing procedure with alanine dosimeters for light ion G alanine dosimeters, based on SpEEiﬁE corrections, show an excel-
beam therapy lent match with the prescribed dose and the Farmer chamber mea-

Alexander Ableitinger®*, Stanislav Vatnitsky?, Rochus Herrmann ¢, Niels Bassler ¢, Hugo Palm surements. Hence. the relative effectiveness calculated b}" MC
Peter Sharpef, Swantje Ecker ", Naved Chaudhri®, Oliver Jakel ", Dietmar Georg®¢ '

simulations seems to be validated for the different detector posi-
tions. Furthermore the uncertainty levels for the alanine dosime-
ters are nearly the same as for Farmer chambers.




The Italian National Centre for Oncological Hadrontherapy (CNAQ) has been treating patients since 2011 with carbon-ion
beams using the active-scanning modality. In such irradiation modality, the beam spot, which scans the treatment area, is
characterised by very high particle-fluence rates (more than 10°s™ mm™2). Morcover, the Bragg-peak is only ~1 mm-
FWHNM. Commercial tissue-equivalent proportional counters (TEPC), like the Far West Technologies LET-"4, are large,
hence they have limited capability to measure at high counting fluence rates. In this study we have used two home-made detec-
tors, a mini-TEPC 0.81 mm? in sensitive area and a silicon telescope 0.125 mm? in sensitive area, to perform microdosimetric
measurements in the therapeutic carbon-ion beam of CNAQO. A monoenergetic carbon-ion beam of 189.5 + 0.3 MeV/u scan-
ning a 3 X 3cm” area has been used. Spectral differences are visible in the low y-value region, but the mean microdosimetric
values, measured with the two detectors, result to be pretty consistent, as well as the microdosimetric spectra in the high y-
value region.

Radiation Protection Dosimetry (2018), Vol. 180, No. 1-4, pp. 157-161
Advance Access publication 26 October 2017

doi:10.1093/rpd/nex217

MICRODOSIMETRIC STUDY AT THE CNAO ACTIVE-SCANNING
CARBON-ION BEAM

P. Colautti"*, V. Conte', A. Selva', S. Chiriotti®, A. Pola™®, D. Bortot*?, A. Fazzi’, S. Agosteo™*
and M. Ciocca®

'INFN Laboratori Nazionali di Legnaro, Viale dell’Universita 2, 35020 Legnaro, Italy 12T ' T ' T
2Belgian Nuclear Research Centre, SCK*CEN, Boeretang 200, 2400 Mol, Belgium | —— mini-TEPC 61.3 mm
Politecnico di Milano, Dipartimento di Energia, via La Masa 34, 20156 Milano, Italy L

4INFN, Sezione di Milano, via Celoria 16, 20133 Milano, Italy
*Fondazione CNAO, Strada Campeggi 53, 27100 Pavia, Italy
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Figure 2. Microdosimetric spectra upstream of the prox-
imal Bragg peak rise.
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