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i Measuring the Stopping Power of alpha particles
E in compact bone using RBS for BNCT interests.

L. Provenzano'?, L.M. Rodriguez' . Alti S. Bortolussi®#, S.J. Gonzélez'?
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Boron Neutron Capture Therapy.

Boron Neutron Capture Therapy (BNCT) is a cancer treatment that was designed to selectively deliver heavy
charged particle radiation to tumors at the cellular level. This technique takes advantage of the high Linear
Energy Transfer (LET) products of the %B(n,a)’Li reaction and  the selective boron uptake by tumor cells. After
capturing a thermal neutron, "B becomes "B, which immediately disintegrates into densely ionizing particles
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that have a combined range in tissue comparable with cellular dimensions (12-14 pm). Then, if an adequate
amount of boron is selectively concentrated in a tumor and the volume is exposed to thermal neutrons, a
higher radiation dose is absorbed by the tumor if compared to adjacent normal tissue.

mesenn | Charged Particle Spectrometry.

The establishment of an appropriate boron concentration ratio between healthy tissue and tumor after administration
of a boron compound is one of the fundamental aspects that ensure the clinical effectiveness of BNCT. In order to
assess a proper dosimetry, it is thus necessary to know the boron concentration of the tissues affected by neutron
iradiation. The charged particle spectrometry developed in the University of Pavia allows determining boron
concentrations down to 1 ppm in thin soft tissue sections. Extending this technique to analize hard tissues of interest
in osteosarcoma disease, requires the knowledge of the stopping power of a particles in these tissues. In order to
determine this physical property, transmission experiments with TANDEM accelerator were performed.
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The Experimental Set-up -

The experimental set-up consists in a main beam of a particles that hits normally to an uranium
oxide flm grown on silicon (thickness ~50 nm) and a detector positioned 40° apart from the
beamline which measures the energy of a secondary alpha particles beam. A rotating sample
holder hosts a thin section of decalcified compact bone (10.- 30 um) in front of the detector. The
shifting in the Rutherford Back Scattering (RBS) spectra with and without interposed bone gives
information of the particle energy loss. In order to work within the range of interest, the energy of
| main ion beam was set between 1.5 and & MeV. All the experiments were carried out inside a high
| vacuum chamber, in the 1.7 MV Tandem Accelerator material analysis beamline of the facility

located at Centro Atémico Bariloche. 1
i d conventional cryostat, The samples were sectioned in |

Gompact femur from a sheep was decalcified using EDTA |
(0.5M) to alter the bone structure so that it can be cut with

differents nominal thicknesses between 10 and 30

microns. The area and weight of each sample were also |
measured. For computational simulation purposes, the
elemental composition of the thin samples was |
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determined using RBS techniques

Calibration Spectra | 0 Elemental composition of sheep femur.

‘Uranium Oxide (UO) ~Sheep femur spectrum
Zirconium Oxide (2:0) ~SIMNRA simulation
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Results & Conclusions. Stopping Power of Alpha Particles in
Sheep Femur
Curves of energy loss (dE) as a function of intial energy (Ei) was obtained for different nominal 108 mg/cmz

thicknesses of sheep femur samples. e
+139 mg/cm2.

Complementary simulations of the stopping power with SRIM were also carried out using the SRIM simulation
bone composition obtained from mass elemental composition experiments based on RBS + :x:‘::::
techniques. The profiles obtained with SRIM closely follow the behavior of the measured data

In order to adjust the predicted profiles to fully match the absolute values of the experiments, &

normalization factor was applied. SRIM can only deal with homogeneous materials. Since bone

samples are not homogeneous (as shown in the picture above) the normalization factor is

associated to a correction in the calculated material density. Further studies to include the

material inhomogeneity in the simulations are ongoing.
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ALFAESPECTROMETRIA EN HUESOS DELGADOS.
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PRESENTACIONES EN CONGRESOS INTERNACIONALES.

17th International Congress on Neutron Capture, October 2-7, 2016 at Columbia, Missouri, USA:

ADVANCES IN THE AUTORADIOGRAPHY TECHNIQUE FOR BORON-10 QUANTIFICATION N BONE.

L.Provenzano, A.M. Portu, M.S. Olivera, S. Altieri, |. Postuma, G. Saint Martin, S.J. Gonzdlez, S. Bortolussi

TAILORING OF AN EPITHERMAL NEUTRON BEAM FOR THE RFQBASED FACILITY OF INFN.

|.Postuma, S.Bortolussi, N.Protti, S.Fatemi, L. Bianchini, JValsecchi, S.J. Gonzdlez, L. Provenzano, J.Esposito, E.Fagotti, A.Pisent and S.Altieri

8th Young Researchers BNCT Meeting 13-17 September 2015, Pavia - ltaly

EXTENDING NEUTRON AUTORADIOGRAPHY AND ALPHA SPECTROMETRY TECHNIQUES FOR BORON MEASUREMENTS IN BONE.

L. Provenzano, A.M. Portu, M.S. Olivera, S. Altieri, |. Postuma, G. Saint Martin, S.J. Gonzdlez, S. Bortolussi.

16th International Congress on Neutron Capture Therapy June 14-19, 2014 Helsinki, Finland.

EXTENSION OF THE ALPHA SPECTROMETRY TECHNIQUE FOR BORON MEASUREMENTS IN BONE.

L. Provenzano, S.J. Gonzdlez, S.Altieri, P.Bruschi, M.S. Olivera, A.M. Portu, |. Postuma, S. Bortolussi.

International Workshop on BNCT - Basic Science and Technology for BNCT. Kyoto 2014;

BNCT OF THORACIC TUMORS AND OSTEOSARCOMA: PRECLINICAL RESEARCH IN PAVIA.
S. Bortolussi; S. Altieri; N. Protti; I. Postuma; P. Bruschi; C. Ferrari; L. Cansolino; A. Clerici; C. Rovelli; C. Zonta; A. Zonta; J. Bakeine; G. Stella; L. Ciani;

S. Ristori; L. Panza; R. Farias; L. Provenzano; S.J. Gonzdlez; A. Portu; A. Schwint; V. Trivillin; O. Galasso; G. Gasparini; S. Geninatti Crich; A.
Deagostino; S. Aime; D.W. Nigg

17th International Conference on the Physics of Highly Charged lons. 31 August to 5 september 2014. Bariloche Argentina

MEASURING THE STOPPING POWER OF o PARTICLES IN COMPACT BONE FOR BNCT.

L. Provenzano, L.M. Rodriguez, D. Fregenal, G. Bernardi, C. Olivares, S. Altieri, S. Bortolussi, S.J. Gonzdlez.
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