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Imaging and molecular radiotherapies

Stacked-foil technique:

-Target/monitor/degrader pattern -Thin foils:

E loss small and constant -One cross section value per foil Activity and cross section: 

σ = Act . A χ. Φ . 𝒩𝒩 A . ρ . e . (1 -e -λ.t ) σ = σ ′ . 𝜒𝜒 ′ .

Use of a Faraday cup:

- seven types of incidents particles (n, p, d, t, He-3, alpha-particle, gamma ray) all isotopes living more than 1 second (~ 2800 isotopes) all files are original except 15 (natural carbon from JENDL-4.0, 1,2,3 H, 2,3 He, 6,7 Li, 10,11 B, 9 Be, 14,15 N, 16 

-

  : whole body 3D mapping of a biomarker, non invasive Multimodality: SPECT/CT, PET/CT then PET/MR In biology, new vectors: peptides, humanized antibodies, nanobodies … New radionuclides are needed to match with these new vectors A large set of radioisotopes with very different characteristics is suitable: -Radiation type for the different applications -Half-life -to match the bio-distribution time -Chemical properties -to attach to the vector molecule -Production yields -to get the purest product -Production capacities -to envisaged large scale Identify production route and define production process even large scale production (reactors, accelerators by spallation, fission or activation) -Identify and quantify contaminants -Define waste management process -Help scientists working in a pluridisciplinary team (nuclear physicists are use to do that) -Discuss with physicians to promote its use Over the last years, several radionuclides have emerged: -Béta+: Cu-64, Ga-68, Zr-89 … -Gamma: Sn-117m … -Béta-: Ho-166, Lu-177 … -Alpha: At-211, Bi-212, Bi-213, Ra-223, Ac-225 ... -Theranostic: Sc-44/Sc-47, Cu-64/Cu-67, Ga-68/Lu-177 … Terbium quadruplet Tb-149, 152, 155, 161 -Auger: Sn-117m, Tb-155 (at the research level for the moment)To do so, we possess facility (will possess) available for irradiations equipped with experimental techniques such as the stacked-foil technique

-

  Beam dump placed at the end of the stack to control the intensity during the irradiation HPGe coaxial detector γ spectra recorded on 8192 channels -Dead time: < 10% (sum peak) -FWHM:1.04 keV at 122 keV ( 57 Co) -Activity values: FitzPeaks 1.97 keV at 1332 keV ( 60 Co) -T 1/2 , E γ , I γ : Lund/LBNL, NNDC -Energy and efficiency calibrations: Co and Eu γ rays used to extract production cross section of 230,232,233 Pa Target and monitor:  counted twice  during > 24 hrs  2 week delay Head of the HPGe detector Novel therapeutic nuclide Th-232(p,3n)Pa-230 → U-230 U-230(21 d)/Th-226(31 min) α RIT for leukaemia treatment 4 α cascade of 27.7 MeV C. Duchemin et al., Phys. Med. Biol. 60 (2015) 931J. and Rochman D., Nucl. Data Sheets, 113, 2012 TALYS Code for the simulation of nuclear reactions Many state-of-the-art nuclear models Provide a complete description of all reactions channels and observables Influence on the calculated production cross section valuesJ. et al., https://tendl.web.psi.ch/tendl_2015/tendl2015.html Koning A.J. and Rochman D., Nucl. Data Sheets, 113, 2012TENDL2015Nuclear data library based on both default and adjusted TALYS calculations and data from other sources TENDL2015 contains evaluations for :

  O and 19 F from ENDF/B-VII.1) Novel therapeutic nuclide C. Duchemin et al., Phys. Med. Biol. 60 (2015) 931and accelerators being used in an increasing number of countries along with reactors -Diagnosis (γ, β + ) -Therapy (β -, α, e Auger ) Many useful / potentially useful isotopes identified for applications in nuclear medicine -Personalized medicine The Right Drug To The Right Patient For The Right Disease At The Right Time With The Right Dosage Nuclear data -Accurate and reliable sets of data Statistical + systematic errors < 10% -Well defined production routes and decay properties neutron, light charged particules and ions -Optimum production of specific radionuclides, minimization / elimination of impurities, realistic dose calculations, monitor reactions Nuclear codes Provide a large set of nuclear data in terms of targets, projectiles and energy range to constrain and develop predictive simulation tools of nuclear reactions

  

  

  

Capsule and foils Irradiation station and beam line IAEA recommended cross sections:

  

	-8 reactions available for protons
	27 Al (2), nat Ni, nat Ti and nat Cu (4)
	-5 reactions available for deuterons
	27 Al (2),

Act . A . ρ′ . e′ . (1 -e -λ ′ .t ) 𝜒𝜒. Act′ . A′ . ρ . e . (1 -e -λ.t )

Use of a monitor foil:

 error on e, e': ≤ 1%  error on t: negligible nat Fe, nat Ni and nat Ti -6 reactions available for alpha-particles 27 Al (2), nat Ti and nat Cu (3)