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What is TRIUMF? 

TRIUMF is Canada’s particle 
accelerator centre. We are a 
world-class hub of research, 
education, and innovation that is 
home to ~600 staff and students.

Founded in 1968 by the University 
of British Columbia, Simon Fraser 
University, and the University of 
Victoria, TRIUMF is a national 
asset, driving research locally, 
nationally, and connecting 
Canadian researchers to the world.
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TRIUMF’s work addresses the most compelling 
challenges in contemporary science and 
connects fundamental scientific research through to 
commercialisation.

TRIUMF is a hub of excellence centred on a core 
of expertise in accelerator technology, detector 
development and isotope research.

Our science programme has been articulated in a 
20-year vision, outlining where we and our 
community would like to take the facility in the next 
two decades

Research Program
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Primary beam driver:
Cyclotron, 500 MeV, H-

Produces rare isotopes, neutrons and muons!

Isotope Separator and Accelerator facility - 
ISAC
Isotope Separator Online (ISOL) facility
ISAC-I: Normal conducting-linac, 0.15-1.5 MeV/u
ISAC-II: Superconducting-linac, 5-15 MeV/u

Advanced Rare Isotope Laboratory - ARIEL
Superconducting electron linac
30 MeV, 10 mA, cw

4 Cyclotrons for medical isotope production
(Including a TR24 in the Institute for advanced Medical 
Isotope – IAMI)

500 MeV
Cyclotron

ISAC-II
High energy

ISAC-I
Low and 
medium 
energy

ARIEL

Cyclotrons
for medical 

Isotope
production

TRIUMF accelerator 
complex



Accelerators & Facilities
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Muons for 
material science

500 MeV – 320 μA 
H- Cyclotron

PIF

STF

T1 T2

82Sr medical 
production

30 MeV – 10 mA 
e- LINAC

120 MeV – 10 nA
Electronics irradiations

Proton FLASH
Ocular melanoma treatments (-2019)

ITW ITE

TR: 13

TR: 30-1

TR: 30-2

CP: 42

TR: 24

Medical isotopes

AETE

ISOL
(ARIEL)

225Ac et al. 
production

IPF

Neutron 
Irradiations

NIF

• Radioactive Ion Beams
• ~10 user facilities
• Nuclear & atomic physics
• Material science

ISAC I and II halls

ISOL
(ISAC)

User facilities
ISAC ISOL targets (since 2000s)
ARIEL ISOL targets (from ~2025)

Cyclotron & beamlines (since ~1975)

E-linac and beamline (since ~2013) 
RIB lines

APTW

BL1A

BL2A

BL2C



Science Highlights in appendix

Focus on budget update



7Budget 2024 Outcome - Result
• “To advance the next generation of cutting-edge research, Budget 2024 proposes major 

research and science infrastructure investments, including: $399.8 million over five years, 
starting in 2025-26, to support TRIUMF, Canada’s sub-atomic physics research laboratory, 
located on the University of British Columbia’s Vancouver campus. This investment will 
upgrade infrastructure at the world’s largest cyclotron particle accelerator, positioning TRIUMF, 
and the partnering Canadian research universities, at the forefront of physics research and 
enabling new medical breakthroughs and treatments, from drug development to cancer 
therapy.” 

• We have confirmed with NRC and ISED that there is no ring-fencing or other restrictions that 
exist on how we use the funds (cf $25M projects in current award)

• A fabulous result as we have secured a 50% increase in baseline operations during times of 
incredible fiscal pressure, yet I need to dampen expectations as we didn’t get the full request 
which will have implications on our programme



8Budget 2024 Outcome - Context

$25M 
one-off

2015 
uplift

50% increase 
in cash 

baseline



9Budget 2024 Outcome - Request
• TRIUMF is at a critical moment in its 

life cycle as a major research facility; 
the lab faces a critical inflection point 
as it balances the demands of aging 
legacy infrastructure while seeking to 
complete and operate new world-
class facilities.

Five core themes of the request: 
1. Delivering new infrastructure for science impact

2. Ensuring operational excellence

3. Training the diverse talent of tomorrow

4. Refurbishing legacy facilities

5. Evolving TRIUMF’s program towards the future



10Budget 2024 - Outcomes
• We have given the government some indication of what we can achieve at this level within the request in 

terms of infrastructure completion, HQP training, international and national science leadership, etc.

• Within the Request for Support, the $400M scenario was framed as (in comparison to the $450M request) 
a “Loss of Opportunity”:

• ARIEL construction is slowed and operations of ARIEL and IAMI are delayed, resulting in the loss of 
first-mover advantage against international competition in key research and technology areas

• Increased risk of infrastructure failure due to reduced investment in deferred maintenance

• Decreased science output with internal resources and staff reorganised to fill operational requirements

• Now we know the budget outcome we will need to look at potential options at this level, balancing the 
direction from government (if any), the requirements of the lab, and the desires of our stakeholders

• We have some flexibility in how we frame the next five year programme

• Process will lead to a funded five-year plan that TRIUMF can be judged against - this is going to be critical 
for the transition to a new funding structure.



11Budget 2024 - Outcomes
• Some of the areas that we have viewed as essential components of the next five-year planning 

(the “rocks”) have been agreed with the Board. Some were driven by the Board expectations

• Compensation plans: we aim to deliver the market median as a target salary for all staff by 
the end of the next five-year plan, with evaluations of market every three or four years. 

• Deferred maintenance: an essential component of the request and discussions with 
government. We have an aging core infrastructure and need to invest heavily in securing future 
operations

• Can we use CFI IF process (there is a new “core facilities” stream) to augment budget?

• Operational Excellence is a cornerstone of the request. Funding "Weft and Warp" as a 
response to CNSC reports, developing research security, safety, programme management, …

• These components form the basis of the award, as re-affirmed by statements from the PM. 
So we need to deliver on these… 



12Budget 2024 Outcomes
• Overall, this outcome will allow us to stabilise TRIUMF and consolidate on the 

currently planned operations, infrastructure and programme

• Want to continue to focus on completion of ARIEL and IAMI as major 
objectives, can we advance their operations from the submitted scenario?

• We still have one year to run on the current five-year plan, and will be guiding the 
organisation to the new plan over the next year

• This means things will remain very tight over this year, but we have the 
confidence that the next five years have increased operational support

• Over the next few years, we will have the ability to seize opportunities that may 
arise, with the major objective to ensure TRIUMF is operating at maximum 
efficiency and efficacy

• Basically, this budget secures the future operations of TRIUMF



13Budget 2024 Outcomes - MRF
• There is no specific text around the Major Research Facility (MRF) framework 

in the Budget 2024, however many of the components are clearly being lined 
up to move towards this structure:
• Additional support to MRF to get them to the 2029/30 timeframe
• Capstone organisation to help advance internationally collaborative, mission 

driven and multidisciplinary research
• Strategic advisory bodies

• We will continue to engage with ISED and CFI as the MRF process unfolds. 
There may be additional detail in the Fall Economic Statement, or in the 
Budget Act itself
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5-year plan process timeline
• Three streams of input and process we need to coordinate and manage:

• Governance chains

• Board of Governors, Science Council, Members’ Council (AGM)
• Government

• NRC Contribution agreement discussions, ACOT

• Community

• Science Council, Science Week, TUEC/TUG meetings
• Basically need scenarios articulated by June, input over July/August, finalised by September 

for approval in October

• NRC cash flow and documentation needs to be with TB by mid-July (within $5M p.a.)



15Four Key Priorities for 2024
• Development of budget following $399.8M budget outcome

• Understanding of any restrictions on use of funds, or expectations from federal government

• Completion of potential scenarios within this budget envelope, for discussion with stakeholders

• Board oversight: June review of plans, September endorsement of final plan to move to MC/AGM

• Development and finalisation of contribution agreement with NRC to allow funds to flow

• Currently in discussion with NRC. Needs full completion by 2024 TRIUMF AGM

• Initiation of “Weft and Warp”

• Project definition underway

• Completion of discovery through 2024; iterations of planning and implementation

• Development and release of next five-year plan (aligned with budget)

• Community consultation through summer (Science Week)

✓



16Weft and Warp (noun)
• The essential foundation of an organization (from weaving)
• We are re-weaving the fabric of the laboratory systems to head towards operational excellence
• This will be a programme of work, with projects running asynchronously

D. Preddy



17



Thank You!

Merci!

www.triumf.ca
@TRIUMFLab
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2023 Annual Retrospective – 
Scientific Progress
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Operations Thanks to Operations, Technical Groups, Service 
Groups, maintenance and SAS coordinators for 
delivering beam to users and maintaining 
infrastructure.



Progress on ARIEL - 2023

• Bottom-up cost and schedule review 
completed

• Beam extracted into BL4N
• Target module design complete

• Target hall shielding 85% design complete, 
65% installation 
complete

• Hot cell (largest single capital invest) 
installation completed

• First RIB module dogleg completed 

BL4N vault installation

ARIEL HRS

Target module design completion

Target hall shieldingRIB module dogleg

Hot cell completed



High Resolution Spectrometer (CANREB)

o Two 90-degree dipole design
o Electrostatic Multi-pole 

corrector between dipoles
o DM/M=1/13000 resolution tune 

demonstrated with high 
transmission – world leading 
performance 

High resolution and high 
transmission

Exit: No 
multipole 
correction

Entranc
e

Exit: With 
multipole 
correction
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Helmholtz 
coilFirst paper Feb. 2023 `Editor’s pick’

Edward was recognized at SRF2023 
with the Early Career Presenter Award.

§ New beamline extension installed 
at b-NMR facility for SRF 
materials characterization

§ Unique facility in the world for 
depth profiling materials in parallel 
magnetic fields up to 200mT – 
SRF regime – critical field of Nb

§ Collaboration between SRF 
group, Beam physics and CMMS

First results show Meissner screening in two samples (baseline 
and doped) as a function of applied field:
• Clear difference in screening profile between the two samples
• Clear breakdown of Meissner screening with applied field

Baseline Doped

New `𝜷-SRF’ Facility First Results 
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VECC Deliverables-> India

Quarter-Wave Resonator 
Heavy Ion Cryomodule

• TRIUMF and VECC (Kolkata) have had an active collaboration 
since 2008

• As part of the collaboration TRIUMF has completed and shipped 
three major deliverables to India in 2023

• SRF QWR cryomodule – shipped January 2023
• TISA Front end – prototype ARIEL target module – May 2023
• RIE – radioactive ion extraction beamline – Nov. 2023

RIB module - HV feed linesTISA Front end RIB beamline pre-separator
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Advanced beam tuning test at ISAC
§ Model Coupled Accelerator 

Tuning (MCAT) – new tool for 
tuning in ISAC
à ready for transfer to RIB 
Operations

§ Developing tools to significantly 
reduce manual tuning.

§ Machine learning efforts:
Bayesian optimization being 
developed in ISAC (example 
ISAC-I MEBT tuning)



ALPHA Update

§ First scientific result from ALPHA-g!
§ 17/71 authors are TRIUMF-affiliated, 

including 3 graduate students.
§ This publication made headlines all 

over the world.
§ ALPHA-2 run ended

§ Successful spectroscopy campaigns, 
aided by Be+-assisted antihydrogen  
production and laser cooling.

§ HAICU, the Canadian project to support 
antihydrogen research
§ Ongoing optimization of the hydrogen 

trap design.
§ Hydrogen decelerator from UBC is 

near completion and will be delivered 
to TRIUMF.



EDM updateSource

• Successful Phase 2A cooldown (4.2 K)           Oct 
10 to 13

• Cryostat, He return system, slow control and 
liquefier performed well! No cold leaks. Big 
milestone!

• Thanks to everybody involved!
• Good meeting with Jon Aro from CNSC on Oct 17. 

Received initial feedback on safety analysis report. 
Just minor comments.

• Great meeting with TSBC on Oct 23: go ahead for 
manufacturing tail section at TRIUMF!

• Now pushing for Phase 2B cooldown (1.5 K) before 
liquefier repair (Dec)

• MSR installation almost complete, 5/5 layers installed, 
shielding factor measurement shows a deficit… 
investigating.

• B0 coil production has started
• Gate 2/3 review happening in November
• Nov 5-9 nEDM 2023 workshop in Santa Fe with many 

TUCAN participants: https://web.cvent.com/event/ab450600-c4ab-
40c9-9935-0b54734ddaa0

First liquid He after 5 hours!

1

1

2

2

3

3

First B0 coil panel 

Tue Fri
Magnetically shielded room

https://web.cvent.com/event/ab450600-c4ab-40c9-9935-0b54734ddaa0
https://web.cvent.com/event/ab450600-c4ab-40c9-9935-0b54734ddaa0


§Silicon photo-multiplier 
performances enable 
reaching nEXO target energy 
resolution
§ Hamamatsu (HPK)
§ Fondazione Bruno Kessler 

(FBK)
§Wide range of operation 

voltage acceptable
§Extensive multi-institutions 

campaign led by TRIUMF

Calculations based on measured SiPM performances
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ATLAS-ITK

Optical 
System

Vacuum tools

Assembly 
frame

ITk Petal assembly milestone
● Assembly of three petals recently
● First Pre-Production A (PPA) petal in ATLAS
● Vancouver/Canada is first ITk EC site to qualify

○ Automated loading using robotic gantry 
○ All placements within specification ±50µm
○ Exercised full Canadian production workflow
○ Assembly of first PPB petal in preparation

● Single module PPB petal
assembled at special request 

● Sent to DESY for system test 
Preparation and readout (FELIX) 
development at NIKHEF
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WCTE Water Cherenkov Test Experiment 
and IWCD Intermediate Water Cherenkov Detector

§ TRIUMF continues to play a leading role in mPMT 
and calibration systems for IWCD and WCTE

§ WCTE mPMT production has commenced

§ WCTE scheduled to take data in Aug. 2024

§ Schedule delayed by a few months due to the 
need for tank redesign 

§ Additional tests of 8 mPMTs and 
calibration source deployment system at 
CERN planned in Feb. 2024

§ Successful beam test at CERN T9 in July 2023 
demonstrated the performance of the beam 
monitors and beam statistics

§ Upgrades for 2024 planned

§ 3 publications expected

§ PD Laurence Cook software/analysis convener

WCTE tagged 𝛾 beam

Hodoscope 
channels

M. Gola 
(PD)

J. Rimmer 
(GS)

E. Wong 
(UG)

C. Wassill 
(UG)

First WCTE mPMT

T2K and Hyper-K



02+ 01+

First Evidence of Axial Shape Asymmetry and Configuration Coexistence in 74Zn:
Suggestion for a Northern Extension of the N = 40 Island of Inversion

• 74Zn investigated at GRIFFIN following 74Cu β decay
• γ-γ angular correlation analysis ⟹ Firm spin assignments for 22+, 31+, 02+, 23+ states
• Two new transitions observed ⟹ 23+ ⟶ 02+ and 23+ ⟶ 41+

• From measured γ-ray branching and E2/M1 mixing ratios for transitions de-exciting the 
22+, 31+, 23+ states ⟹ Relative B(E2) values

• A rotational-like structure appears at low energy in 74Zn

• New microscopic Large-Scale Shell-Model calculations
• Shapes of individual states
• Wave-function compositions

• The ground state is found to have enhanced
 axial shape asymmetry (triaxiality)
• Configuration-coexisting 02+ state

M. Rocchini, P.E. Garrett, M. Zielińska, S.M. Lenzi, D.D. Dao, F. Nowacki, et al., Phys. Rev. Lett. 130, 122502 (2023).

A shore of the N = 40 “island 
of inversion” appears to 
manifest above Z = 26, 
previously thought as its 
northern limit in the chart of 
the nuclides



SONIC@DRAGON –  3He + 4He elastic scattering

Accepted for Publication in Physical Review C October 2023. 
Data from SONIK@DRAGON
Precision scattering à extraction of low energy scattering parameters critical for Big 
Bang Nucleosynthesis & Solar Neutrino Production
Analysis using R-Matrix and Halo Effective Field Theory



TRISR project First publication!



Recent Theory Papers

Science, accepted

Universe, accepted



Opportunities with Radioactive Molecules review paper

§ Nuclear experimentalist and theorists contributed to a review paper on opportunities for 
fundamental physics research with radioactive molecules
§ Five co-authors from TRIUMF

arXiv:2302.02165



First (muon ?) beam observed 
Aug. 31, 2023 5:45 p.m.
… as verified by an 
indisputable independent 
witness; aka Nigel Smith  

… but in reality, it was a 
positron beam that was 
penetrating a closed gate 
value at the end of the 
beamline 

M9A has been safely delivered and is doing well !

A genuine M9A 
muon beam trace, 
right now in M9A

… and the beam rate 
achieved to date

>1.2 E6 𝜇+/sec 
>4 times the rate of M20 or M15* 
*in its currently degraded (but soon to be rejuvenated) state 



Scientific Computing: Machine Learning and Quantum Computing
Full depth calorimeter simulation 
using Pegasus D-Wave QPU

Previous state of the art 

ours

§ Quantum – Assisted ML calorimeter simulation for ATLAS @ HL-
LHC:

§ D-Wave quantum annealer as a sampler within a deep 
generative network 

§ NRC Applied Quantum Computing Challenge program
§ M. Swiatlowski, W. Fedorko et al. (Perimeter, UBC, 

SFU, Virginia) 
§ Use D-Wave quantum annealer
§ $400k – includes postdoc funding 

§ AI tuning of TRIUMF beamlines
§ Tuning for RIB beamlines (ISAC I) being developed
§ Simulation + Physical beamlines

§ Multiple projects for
§ ATLAS
§ Water Cherenkov experiments
§ ALPHA
§ NA62 (accepted JHEP)

Distance along beamline (cm)

Be
am
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Simulation with misalignment and apertures



IAMI (P442)
• includes P471, P550, P527

• Construction substantially complete
• BC Provincial Health Authority will be placing 

2nd cyclotron in facility; additional lab space to 
support expanding provincial PET program

• Additional funding requests continue in 
discussion with provincial funding ministries

• If all remaining funding materializes, expect 
operations to commence in 2025



T.I. Kostelnik and C. Orvig, Chem. Rev. 2019, 119, 902-956

TR13 MeV
• Legacy machine operating at
 ideal energy for many isotopes

24 MeV
• Modern, high-intensity machine
 that expands on TRIUMF’s 
 radionuclide repertoire

520 MeV (IPF, ISAC)
• Globally unique machine that
 provides access to equally 
 unique radionuclides, 
 applications

Continued Focus on Radiometals
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AR42J tumour bearing mice treated with 30 or 
55 kBq of [225Ac]Ac-crown-TATE survived longer

Pre-clinical Therapy studies: 
[225Ac]Ac-crown-TATE for treating neuroendocrine tumors
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Isotopes from ISAC:
[155/161Tb]Tb-crown-αMSH biodistribution and imaging*

• High contrast images
• Good tumour uptake
• Low injected dose

SPECT/CT MIP at 2 h post-injection of [155Tb]Tb-crown-αMSH (~196 kBq/subject, 21.7 MBq/nmol); and 
[161Tb]Tb-crown-αMSH (~3.30 MBq/subject, 39.6 MBq/nmol) in mice bearing melanoma tumors.

*161Tb sourced externally



Radionuclide Therapy is not limited to alpha-, beta- emitters

Hg
197

mercury

Er
165

erbium

Potential Auger-
emitters:
 58mCo 
71Ge 
103Pd
103mRh
161Tb 
165Er
191Os
239Np
…

Filosofov D, et al. Nuc. Med. Biol. 2021, 94-95, 1-19 

§ Continued pursuit of:
§ Novel production methods
§ Separation chemistry
§ Chelate chemistry
§ Applications

Sb
119

antimony

Current focus:



NFRF-Transformation: Rare Isotopes to Transform Cancer 
Therapy $23.7 mil over 6 years

NPI: Bénard (UBC/BC Cancer)
Co-PI: Ramogida (SFU/TRIUMF)

TRIUMF Team: Hoehr, Radchenko, Schaffer, Yang  



500 MeV Isotope Production: 232Th(p,x)

LCH renewed!
Thank you to all involved with the update

Production campaigns:
• 2016: Effort started
• 2020 Irradiations: 3 targets for a total of 6,320 µAh
• 2021 Irradiations: 5 targets for a total of 28,900 µAh
• 2022 Irradiations: 4 targets for a total of 42,500 µAh

Isolated (decay corrected):
 >12 GBq of 225Ac (containing ~0.16% 227Ac); and 
 1.4 GBq of Ra-225 for generators (no 227Ac detected)

2023 campaign: underway (important for 2024 effort)



Proton (and photon) FLASH at TRIUMF
Continue building on decades of proton therapy experience at TRIUMF
FLASH: Ultra-high dose rate (> 40 Gy/s) irradiations may maintain tumor cell killing but improve healthy tissue 
sparing due to lower killing of healthy cells than at conventional radiotherapy dose rates

Preliminary findings: 
• Confirmation of the clinical assumption of 10% higher cell killing by protons compared to photons 
• For protons: Potential observation of the FLASH effect (lower cell killing at ultra-high dose rates
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$35M Canadian Medical Isotope Ecosystem Funded by federal government 

www.cmie.ca

Next steps
• Call for proposals for new $5M Fund announced Nov 2023 to 

fund new projects
• First close for Call – Jan 31, 2024
• Awards announced – March 31, 2024
• Collaboration and Networking Events Calendar in process
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First Cancer Patients get TRIUMF-produced Ac-225


