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How nuclear data collected for medical radionuclides production could constrain nuclear codes

 

-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 ′ .

Conclusion and outlooks

A large set of data have been collected using the stacked-foil technique at ARRONAX -with different type of projectiles (proton, deuteron and alpha particles) -for materials all over the mass range -for diagnosis and therapy purposes in nuclear medicine

Comparisons have been performed systematically with the TALYS 1.6 code -state of the art models included -possibility to combine models to better describe data -strong reactivity of authors Three main mechanisms have been studied at the moment:

-optical potential -level density description -preequilibrium model A set of models have been found to allow a good description of all our collected data, which is different from the suggested default models.

Further investigations will be done on other mechanisms that can affect our observable.

-

  available for deuterons 27 Al (2), nat Fe, nat Ni and nat Ti -6 reactions available for alpha-particles 27 Al (2), nat Ti and nat Cu (3)Use of a Faraday cup:-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 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) 931models that best describes the whole set of available data for all projectiles, targets and incident energies defined by the TALYS authors TALYS 1.6 Default One combination of models that best describes our whole set of data for proton, deuteron, alpha particles as projectile (and literature data) has been defined by C. Duchemin et al. TALYS 1.6 Adj.

  

  

  

  

  

  

Use of a monitor foil:

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

	 error on e, e': ≤ 1%
	 error on t: negligible
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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

Nuclear reactions

Projectiles : n, p, d, t, He-3, α particles seven types of incidents particles (n,p,d,t,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 O and 19 F from ENDF/B-VII.1)