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. Since2010: collaboration betweenthe Subatechlaboratory

& ARRONAX in Nantesin France

C70 Cyclotron build by IBA:

- 4 sectors isochroncyclotron

- 2 extraction methods:

stripper or electrostatic 

deflector 

- 6 beam lines 

one vault devoted to experiments

Extracted Energy 

(MeV)

Max. current 

(µA)

H+ 30 ð70 2 x 375

D+ 15 ð35 2 x 50

He2+ 68 70

HH+ 17 50

Accelerator for the 

Researchin 

Radiochemistryand in 

Oncology at

Nantes 

Atlantique 

X
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 Accelerators: low energyprotons

F-18

 Reactors: neutrons

I-131, Mo-99

Usualproduction routes 
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 High energyprotons

 Deuterons

 ŭparticles

 Fission process
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2. Particleflux

 High energyprotons

 Deuterons

 ŭparticles

 Fission process

. The production cross section is not knownor only few experimentaldata are available

 Neededto determinethe best production pathwayand the best irradiation conditions
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3. Production cross section determination



Thintarget approach
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Thintarget approach

 Lowenergylossof the projectile through the target

 Űslightlychanges on this smallenergyrange

 for a meanenergyvalue of the projectile crossingthe target

= 

One experimentalŰvalue
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Stackof foils made of a:

 Target: to produce the radionuclide

for which the cross section will be determined

 Monitor: to produce a radionuclidewith

a cross section value of reference

 Degrader: to decreasethe beam energy
Target

Particleflux

ȹ
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ȹ!! Particleflux measuredat the end of the stack
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Monitor reactions

. Definedby the International Atomic EnergyAgency (IAEA) 

CoordinatedResearchProject F41029

« Nuclear Data for Charged-particle Monitor Reactions and Medical Isotope Production»

 Analyse des donn®es Űexp. et articles relatifs

 Ajustement des donn®es s®lectionn®es

 Obtention de valeurs dites recommand®es ou de r®f®rence
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4. Experimental set-up



Capsule

Target       Monitor     Degrader

Stacked-foils 

technique
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5. Radionuclides of interest for nuclear medicine

Production cross section study
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positron emitters e+ electrons emitters e-

ŭ particles emitters

Functional imaging/Diagnosis Therapy

Sc-44
Re-186g

Tb-155

Sn-117m

Th-226
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T1/2 = 3.97 h
Of interest for PET

Of interest for the 3 ȃ imaging 

technique developed at the 

SUBATECH lab (Xenon group)
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Ȃ-, used in clinical trials

palliative therapy for painful metastases

Conversion e-, used in clinical trials

cardiovascular diseases

Auger e- / ȃ for imaging

High cell destruction power (4 part. ŭ) 

Xofigo© radiopharmaceutical

High cell destruction power (3 part. ŭ) 
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6.   The TALYS code



Koning A.J. and RochmanD. Nucl. Data Sheets, 113, 2012

Code for the simulation of nuclear reactions

. Includes several nuclear models to cover the main reaction mechanisms

. Provides a description of all the reactions channels and observables
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Study with the TALYS code version 1.6

. The combination of models that best describes the whole set of available data for all 

projectiles, targets and incident energies defined by the TALYS authors

ĔTALYS 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 during this study.

ĔTALYS 1.6 Adj.
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Study with the TALYS code version 1.6

. The combination of models that best describes the whole set of available data for all 

projectiles, targets and incident energies defined by the TALYS authors

ĔTALYS 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 during this study.

ĔTALYS 1.6 Adj.

Models Projectile Default Adj.

Optical p (1) A.J. Koning and J.P. Delaroche (2003) A.J. Koning and J.P. Delaroche (2003)

d (5) S. Watanabe(1958)

ê

Y. Han et al. (2006)

ê

ŭ (5) L. McFadden and G.R. Satchler(1966)

ê

Demetriouet al. (2002)

ê

Pre-equilibrium All (4) 2 components exciton

A.J. Koning and M.C. Duijvestijn(2004) 

ê

Exciton model including numerical transition rates 

for collision probabilities

A.J. Koning and M.C. Duijvestijn(2004) 

ê

Leveldensity All (6) Fermigas

A.J. Koning et al. (2008)

ê

Hilaireõscombinatorial tables

Gorielyet al. (2008)

ê
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7.  Comparison between the experimental results and the TALYS code



 ŭparticlesas projectiles
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Of interest for PET imaging


