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Outline

ÅIntroduction: TRIUMF

ÅOverview TRIUMFôs secondary particle 

production facilities

ÅDriver accelerators: Cyclotron and e-linac

ÅProduction, preparation and post 

acceleration of rare isotope beams - ISAC

ÅThe future of rare isotope science at 

TRIUMF - ARIEL
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TRIUMF has five decades of experience in building a rich particle accelerator

infrastructure that enables cutting-edge research while growing accelerator

expertise.

Founded in 1968, the laboratory has 

delivered 50 years of science and 

innovation for Canada
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Our mission is to serve as CanadaôsParticle Accelerator Centre.



TRIUMF's Accelerator Division

Photo: section of the ARIEL-CANREB 

high-resolution separator beamline

Our core mission: operate and develop TRIUMF's accelerator infrastructure and be a leader for 

accelerator science and technology in Canada.

To stay on top of the game: we leverage our infrastructure and expertise to pursue new technologies 

and new capabilities.



Overview TRIUMFôs 
secondary particle 
production facilities
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Primary beam driver:
Cyclotron, 520 MeV, H-

Produces rare isotopes, neutrons and muons!

Isotope Separator and Accelerator facility -

ISAC
Isotope Separator Online (ISOL) facility

ISAC-I: Normal conducting-linac, 0.15-1.8 MeV/u

ISAC-II: Superconducting-linac, 1.5-16.5 MeV/u

Advanced Rare Isotope Laboratory - ARIEL
Superconducting electron linac (e-linac)

30 MeV, 10 mA, cw

4 Cyclotrons for medical isotope production
(Soon a 5th cyclotron a TR24 in the Institute for 

advanced Medical Isotope ïIAMI)

520 MeV

Cyclotron

ISAC-II
High energy

ISAC-I
Low and 
medium 
energy

ARIEL

Cyclotrons
for medical 

Isotope
production

TRIUMF accelerator 
complex



TRIUMF campus

ARIEL - TRIUMFôs flagship project

Å Simultaneous RIB production from 3 targets

Å 50 kW existing ISAC proton target

Å 50kW new ARIEL proton target

Å 100kW new ARIEL electron target

Å ARIEL will triple ISAC's present rare isotope 

capabilities.

ÅMulti-user capability with more and new isotopes for

Å Nuclear Structure and Dynamics

Å Nuclear Astrophysics

Å Fundamental Symmetries

Å Materials Science

Å Life Sciences

ÅUnique beam preparation and transport system 

(CANadian Rare isotope facility with Electron Beam 

ion source - CANREB)

Å High resolution separator

Å Beam preparation with RFQ and EBIS
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Á IAMI is a >$50M research and production facility

Á IAMI will enable BC research into next-generation medical 

isotopes and radiopharmaceuticals.

Á Located on the TRIUMF campus, IAMI will:

Á Provide provincial isotope security

Á Unlock development of next-generation cancer therapies

Á Enable clinical trials and cutting-edge medical research

Á Advance technological innovation

and skills training

Á Funding for IAMI was announced by

Prime Minister Trudeau in Nov. 2018

Á IAMI construction is completed;

commissioning of the TR24 

H- cyclotron is expected to begin

end of this year.

Institute for Advanced Medical Isotopes

(IAMI)
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Overview of applications driven by the 520 MeV Cyclotron

STF

PIF/NIF

ARIEL 

symbiotic 

target

IPF

ÁThe 520 MeV cyclotron provides 

beam for medical isotope production 

(Nuclear Imaging & research on 

particle radiation therapy).

ÁIrradiation capabilities with protons 

and neutrons.

ÁProton beams are delivered to

Áthe Solid Targetstation Facility (STF)

for Sr production [85Rb(p,4n)82Sr]

ÁIsotope Production Facility (IPF)

ÁProton Irradiation Facility (PIF)

ÁNeutron Irradiation Facility (NIF)

ÁAnd in the future to the ARIEL Proton 

Target Station West (APTW) with the 

symbiotic medical target in the bam 

dump.



Driver 
accelerators ï
cyclotron and 
e-linac



Å Largest normal conducting Cyclotron in the world: D = 18 m

Å Magnet weight: 4000 t, Coil current:  18500 A

Å H- cyclotron (multiple extraction at different energies)

Å 5500 hours of beam delivery per year
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Proton beam energy can be varied 

between 70 and 480 MeV. Intensities 

up to 120 mA (>50 kW on target)

The 520 MeV H--cyclotron

ÃB

vH- extraction

Carbon FoilH- Ion

p
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Limits of the classical cyclotron
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Relativistic mass effect require a stronger magnetic 

field at the outside of the cyclotron that the particle 

stay in sync with the RF Ą isocyclotron

An outwardly-decreasing (negative-gradient) field ᵼ
vertical focusing.

Positive axial focusing requires B decreasing with r 

Ą provided naturally by B fall-off towards pole edge.

Solution to this problem: 

The use of edge focusing to allow vertical focusing 

and stay isochronous.
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When a particle crosses a magnet end at an angle ə to the 

normal, longitudinal components of the fringe field By interact 

with velocity

components vx

parallel to the

edge, giving a 

vertical force!

Kerst (1956)

suggested using

spiral sectors to

increase the

axial focusing

Edge focusing in the 520 MeV cyclotron
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Significant cyclotron refurbishment program
TRIUMF is funding a significant refurbishment program addressing RF, vacuum, power supplies, 

upgrade of the control system, renewal of the cyclotron injector etc.
Á BL1A power supplies replacement and prototyping of diagnostics

with high dynamic range (nA to 250 mA)

Á Cyclotron RF refurbishment - roadmap for 95 kV cyclotron gap voltage
Á New tubes and tube test stand is required for tube conditioning

Á New 0.8 MW dummy load for power amplifiers (250 kW each)

Á New digital LLRF 

New power supplies

New high dynamic range 

diagnostics

New tube test stand
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Significant cyclotron refurbishment program

New H-

sources

Á Renewal of the horizontal part of the cyclotron 

injection beam line 
Á Requires current feedback from skimmers and 

water-cooled collimators for machine protection

Á Mu-metal liners to shield from the cyclotron stray 

field

Á Remote Handling infrastructure refurbishment
Á Extended ladder handling tool

Á Emergency trolley rescue 

winch

Á Bridge lift mechanism 

refurbishment

Ladder position near centre postLadder: ~6 m long, ~40 kg

Extended Ladder Handling Tool

Extended Ladder Handling Tool
































































