
Owned and operated as a joint venture by a consortium of Canadian universities via a contribution through the National Research Council Canada 
Propriété d’un consortium d’universités canadiennes, géré en co-entreprise à partir d’une contribution administrée par le Conseil national de recherches Canada

Canada’s national laboratory for particle and nuclear physics 
Laboratoire national canadien pour la recherche en physique nucléaire

et en physique des particules

Accelerating Science for Canada
Un accélérateur de la démarche scientifique canadienne

Study of Photo-Production of 
Radioactive Ion Beams 

Nikita Bernier

2nd FLUKA advanced course and Workshop

September 15-20, 2012.



Overview

• Radioactive Ion Beams
• Photo-production of 8Li
• Preliminary Tests
• FLUKA input

• Geometry and Media
• Primary Beam
• Physics and Transport
• Biasing
• Scoring

• FLUKA results
• Further Study



Radioactive Ion Beams

Primary beam
Protons, Electrons

Target
NiO, Nb, TaC

Ion source
Surface, FEBIAD

Mass separator

Nuclear physics experiments

50 MeV, 10 mA electron beam
BeO pellets



Photo-production of 8Li

• Electrodisintegration : 9Be(e,p)e’8Li
• Without a converter

Yuly and Mittelstaedt PhysRevC.68.014601 (2003) + Krane.

• Photodisintegration : 9Be(γ,p)8Li
• With a converter

Converter [Radiator]

Primary beam Target Ion source



Preliminary Tests

50 MeV, 10 mA, 500 kW electron beam
BeO pellets

50 MeV, 10 µA, 500 W electron beam

• Target Adaptation
• Rugged enough to survive the Atlantic
• Fits their target oven.



Target Fabrication

• High speed treatment of
BeO powder + Binder

• Oily additive
• Pressing
• Sintering at 1600°C.

SEM on sintered BeO pellets (x800)

Porous enough to favour diffusion 
of light isotopes.



Target Components

• Target material

• Target oven

• BeO pellets

• Ta oven
• Graphite container
• Ta converter/radiator



Geometry and Media

• Using only infinite bodies : planes and cylinders.
Using no parentheses.
• Just to be on the safe side.

•
• Sets the correspondence between the material and 

the low-energy neutron cross sections library.



Tantalum Converter

Optimization of the Ta converter thickness,
in factors of the radiation length X0 = 0.409 cm.

Multiple setups using preprocessor definitions

….



Primary Beam

•
• Detailed transport of electrons, positrons and photons 

and more. 
• Multiple runs using preprocessor cards

• Average beam kinetic energy E : 20, 30, 40, 50 MeV



Physics and Transport

•

•
• Emission of fast complex particles 
• Residual nuclei production.

•

• Recommended to be equal.



•
• Increases the probability of gamma interactions.

•

Biasing

• Region importance biasing

….

….



Activation and Residual Nuclei

•

• Request decay of produced radioactive nuclides.

•

•
• Requested with DCYSCORE.

•

• Given in [Bq/cm³] when linked to DCYSCORE.



•

• Confirms the beam is hitting the target.
•

•

• Given in [pSv/primary] when not linked to IRRPROFI.

Scoring with USRBIN
in beam particle/cm²/primary

in GeV/cm³/primary

in pSv/s

in pSv/s



Run Fluka

• Energy of the beam

• Thickness of the converter

• Biasing.

START RANDOMIZ
• Different random 

number seed for 
each run.



8Li Production Rate

• For a 50 MeV 
e- beam.

• For a 0.8X0
(0.328 cm) 
converter.



8Li Production Rate

• For 2E06 
primaries.

• For 50E06 
primaries.



Production Rates Summary

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

He
H

Be
Li

B
C

N O F



Residual Nuclei after 5 days

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

H

Be

C

F



Beam Particle Fluence

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Beam Particle Fluence

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Energy Density

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Energy Density

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

!



Energy Density: 2E06 primaries

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Dose Equivalent

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

after 10 days of irradiation



Dose Equivalent

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

after 5 days of cooling

!



Further Study

• Results
• Production rates before diffusion
• Penetration depth and Target Length
• Estimation of the minimum shielding required.

• Still in progress
• Optimization of Biasing
• Final target pellets composition
• Target chamber configuration
• Real data at Orsay.
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2E06 primaries : Beam particle fluence

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



2E06 primaries : Beam particle fluence

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



2E06 primaries, No Graphite Cap :
Beam particle fluence

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Energy density

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 



Dose equivalent

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

after 10 days of irradiation



Dose equivalent

(a) 20 MeV – No biasing (b) 20 MeV 

(c) 30 MeV (d) 40 MeV (e) 50 MeV 

after 5 days of cooling
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