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• Context: Accelerator Science at TRIUMF
 • Accomplishments 2008-2013
 • Plans 2015-2020
 • Budget Scenarios
 • Outlook and Summary
 Outline
 2
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3
 Context: Accelerator Science at TRIUMF
 Q 1: What is the role of TRIUMF in supporting Canadian and international scientists and students (in accelerators)?
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TRIUMF’s Research Program
 4
 Q1:
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5
 TR13
 ARIEL Facility
 TRIUMF Accelerators
 SRF Linac
 DTL
 ISAC Targets
 500MeV H-
 cyclotron since 1974
 Only ISOL facility in North America
 Highest power Isotope Separation On-Line (ISOL) facility worldwide
 Only ISOL with > 5 MeV/u accelerated beams
 Adding 50MeV 500kW e-Linac
 RFQ
 Nordion
 500 MeVCyclotron
 ISAC-II
 Meson Hall
 ISAC-I
 50 MeVElectron
 Linac
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Lead in Science: Maximize science by ensuring highest availability of accelerator complex Build facilities using leading edge technology at TRIUMF & around the world Grow world leading R&D program in Accelerator Science & Technology
 Leverage University Research:Create world-class program in accelerator science education
 Connect Canada to the World:Establish international R&D partnerships with leading accelerator facilities
 Create Social and Economic Growth: Bring accelerator and related technologies to private sector for commercialization & societal benefit
 Accelerator Division Mission Enables Laboratory Vision
 6
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7
 Core Competencies and Organization
 Core competencies: Cyclotron beam physics and engineering Targets/Ion SourcesSuperconducting RF (SRF)
 Organizational structure emphasizes core competencies
 41 2220929
 4
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Accelerator Division Staff Deployment
 8
 19 Research Scientists
 Beam PhysicsTargets/Ion SourcesRF/SRF
 Accel SystemsOperations
 134 Accelerator Division Staff
 MRO: Maintenance, Repairs, Operations
 MROARIEL
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9
 TRIUMF Accelerators Role in the
 Canadian and International
 Community
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Advance knowledge
 TRIUMF accelerators: • Enable leading edge science in Nuclear & Particle Physics, Nuclear Medicine, Materials Science • Advance the science of Accelerators
 TRIUMF is Canada’s National Accelerator Laboratory
 Accel. Div. publications2008 - 2013
 Include: 1 Nature1 Nature Comm.5 PRST-AB7 PRLs7 Phys Rev A & C
 100
 5
 10
 15
 20
 25
 30
 35
 2008 2009 2010 2011 2012 2013
 Peer-reviewed
 Non peer-reviewed
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Create Leaders: Training of Highly Qualified Personnel
 11
 Only graduate student program in Accelerator Physics in Canada, one of few in the world
 Trainees 2008-2012 undergrad MSc PhD PDF EIT*Accelerator
 Physics93 4 11 12 6
 *EIT: Engineer in training
 Staff RecognitionsRick Baartman and Bob Laxdal: Fellows of the APSAnna Grassellino: IEEE /NPSS Particle Accelerator
 Science &Technology Doctoral Student AwardRick Baartman: Outstanding Referee by the APSShane Koscielniak and Rick Baartman: Elsevier
 “Excellence in Peer Reviewing” AwardDoug Storey: NSERC CGS ScholarshipBob Laxdal: Adjunct Professor at MSU
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Drive Growth: Industrial Partnerships built on Core Competencies
 12
 TR cyclotrons, High Resolution Separators
 Superconducting RF Cavities, cryomodules
 TRIUMF Type DC Volume-Cusp H− Ion Sources
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Connect Canada to the World: Selected collaborations
 13
 KEKVECC
 CERNFNALJLab
 Canada: UBC, SFU, U of TorontoUSA: FNAL, JLab, FRIB, CornellEurope: CERN (ISOLDE, LHC), HZB, IPN Orsay, GANIL, MEPHI Asia: VECC, KEK, IUAC, CIAE, IHEP, IMP, SOREQ
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Connect Canada to the World: Meetings Hosted
 14
 2008: Linac Conference
 2009: Accelerator Operations Workshop – ARW
 2009: Particle Accelerator Conference – PAC09
 2013: Cyclotrons Conference – CYC13
 2014: International Accelerator School for Linear Colliders
 2015: SRF Workshop
 2018: International Particle Accelerator Conference 2018 –IPAC’18
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15
 Accelerator Science
 Enables: 1. Advancing isotopes for science and medicine2. Understanding the building blocks of matter and how
 they shape our universe3. Harnessing particles and beams to drive discovery and
 innovation
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16
 Highlights 2008-2013Q 2: To what extent are TRIUMF’s research activities, on a national and
 international scale, considered leading edge?Q 3: To what extent has key knowledge been generated as a result of
 TRIUMF’s activities?Q 4: To what extent has TRIUMF elevated Canada’s reputation and
 international leadership in physics?
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17
 Beam Delivery Performance:
 Cyclotron and ISAC
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Cyclotron Performance: 2005 – 2013
 18
 Cyclotron availability consistently exceeds
 90% goal!
 2013 availability (YTD): 95.5%
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ISAC Performance: 2005 – 2012
 19
 0
 1000
 2000
 3000
 4000
 5000
 6000
 2005 2006 2007 2008 2009 2010 2011 2012 (YTD)
 Hou
 rs
 Year
 ISAC Performance: 2005–2012
 Target/ion source downtime
 ISAC facility downtime
 Cyclotron downtime
 Tuning procedures (overhead)
 UO2 test (300 uA-hr limit achieved)
 RIB available (but not in use)
 RIB development
 RIB delivered to experiments
 2012 ISAC RIB record availability!
 More beam time to users, reduced downtime
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20
 Maintenance if required• transition from compulsory one shift per week to maintenance as required
 Systematic Approach to Shutdown (SAS)• plan and execute shutdown within “project” framework• In less than one year from concept to implementation: SAS 2013 a great success
 Cyclotron upgrade program• ongoing effort to maintain and upgrade cyclotron performance through targeted investments and developments
 ISAC Target Reliability Plan • systematic, multipronged effort to improve target reliability
 Improving Accelerator Performance
 Paradigm Shift in Accelerator Operations: strategy for increased availability and maximum scientific output
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21
 Cyclotron Upgrade Program
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Cyclotron Capability
 22
 Achieved in 2013:
 BL1A : 100 μAμSR program & 500 MeVisotopes
 BL2A : 100 μAISAC program
 BL2C : 100 μASr production, Proton-therapy, Proton Irradiation facility
 Total = 300 μA
 Last decade routine operation: 220-250μA extracted
 Long-term plan:+BL4N : 100 μAARIEL RIB production
 Total = 400 μA!
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Cyclotron Upgrade Program
 Two major elements:Upgrade machine components => ensure reliable operation
 Develop new capabilities => meet future needs of 400 μA operation
 We addressed several high risk vulnerabilities. Major examples:
 Vertical Injection Line (2011) new 12m electrostatic beamline
 Trim & Harmonic coil power supplies (2013) replaced 106 supplies +30 years old
 23Thomas Planche
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Cyclotron Beam Developments
 • Reduced beam loss by 30% by reducing extraction energy to 480 MeV• Achieved beam intensity stability ±1% in BL2A and ± 2% in BL1A by
 suppressing νr = 3/2 resonance, and introducing active regulation
 24
 • Improved transmission by 5% by installing new deflector • Increased foil life time by factor ~10; reduced loose 7Be
 contamination by factor 10 by upgrading extraction foils
 Thomas Planche
 BL1A
 BL2A
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ISAC Rare Isotope Beam (RIB)
 Program
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26
 Improve reliability: Deliver more RIB to physics
 Expand capabilities: Develop new RIB for physics
 ISAC RIB Program Milestones
 ISAC-II Linac
 Actinides
 2010 2014201320122011 2015TM1
 Conditioning Station
 IG-LIS
 A >30 TM3
 TM4 TM2
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ISAC Targets Reliability Plan
 11/12/2013 2727
 In 2010, ISAC Targets Reliability plan was implemented:
 All encompassing approach: 1. Strategic hires to improve engineering2. Developed, improved procedures, processes3. Built conditioning station to test / condition target
 assemblies offline4. Initiated target module (TM) refurbishing:
 four TM exist, each has limitations
 Reliability significantly improved
 2011 TM12013 TM32014 TM42015 TM2>2016 TM5&TM6
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ISAC RIB Development
 Program:
 New Capabilities
 28
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40 MV SRF cw linacFive year R&D project, completed in 2010 on time, on budgetFeatures three “Made in Canada” cryomodules with 20 cavities from PAVACIn continuous use since first beam in April 2010
 16O+ Acceleration
 0
 2
 4
 6
 8
 10
 12
 0 5 10 15 20 25 30 35 40 45
 Cavity #
 E (M
 eV/u
 )
 ISAC-II Specification
 ISAC-II Phase II Heavy Ion SRF Linac
 29

Page 30
						

Challenge: Acceleration of radioactive ion species with mass > 30 requirescharge state breeding (CSB)ISAC ECR charge breeder has substantial background of stable
 species that contaminates low intensity radioactive beam
 Solution: Upgrade CSBDevelop in-flight separation techniques using Time of Flight, transverse selectionDevelop software and tuning aidsAdd purity diagnostics
 Results: October 2012: 75Rb delivered to TIGRESS – proof of principle July 2013: 94Sr successfully delivered to TIGRESS
 Long term: CANREB: ARIEL EBIS and HRS
 High-mass beam delivery: 2010-2013
 30
 Jens Lassen
 Joint effort Accel. & Science Div.
 Bragg spectra before and after filtration
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31
 Actinide Targets Program began in 2010: 10 µA 500 MeV protons on actinide targets
 Fr yields from UCx Targets
 Unprecedented beam power on an actinide ISOL target

Page 32
						

TRIUMF Laser Ion Source (TRILIS): 2008 – 2013
 status 08/2013
 2008: TRILIS delivers 5 elements
 2010: full complement of lasers at East and West target stations
 2011: full off-line development capabilities, 1st schedule with ~50% TRILIS operation
 2013: TRILIS delivers 24 elementsIG-LIS demonstrates 106
 isobar suppression
 status 08/2008 Jens Lassen
 Heggen, Teigelhoefer
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33
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 5 55 105 155
 Ener
 gy (M
 eV/u
 )
 Mass
 Available CSB Phase 1 full energy ISAC-II Phase II
 2008 ISAC operating envelope for accelerated beams
 Under development
 AvailableE < 5 MeV/uAccelerated beams: A < 30Production targets: Z ≤ 82
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2013 ISAC operating envelope
 0
 2
 4
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 10
 12
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 20
 5 55 105 155
 Ener
 gy (M
 eV/u
 )
 Mass
 Available
 94Sr to TIGRESS
 34
 E > 5 MeV/uAccelerated beams: A ≥ 30Production targets: Z > 82
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Isotope Landscape at ISAC
 35
 Yield (ions/s)
 RIB Intensity Measurement at the ISAC Yield Station:α, β, γ-decay (HPGe , Plastic-Scintillator, Si)Beam current (Faraday Cup, Channeltron))
 Light target elements: spallation, fragmentation → neutron-deficientUranium: fission → neutron-rich
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36
 Accelerator Science
 Research & Education
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In collaboration with Canadian and international universities, we established the first graduate student program in Accelerator Physics in Canada
 Two graduate courses on Accelerator PhysicsTen graduate students doing thesis research at TRIUMFAdjunct professorsFuture plans: Accelerator Physics faculty at University of Victoria
 37
 Graduate Student Program in Accelerator Physics and Engineering
 A new initiative for TRIUMF and Canada: NSERC grants for accelerator research and graduate student training
 Seven proposals funded - Nine new requests submitted in 2013
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38
 NSERC funded Advanced Accelerator R&D
 Nature Physics Cover: Novel AccelerationTRIUMF accelerator physicists, S. Koscielniak,Y-N. Rao, M. Craddockcontributed to first experimental demonstration of non-scaling FFAG (fixed-field alternating-gradient), EMMA, built at Daresbury Laboratory, UK
 Fundamental Studies of SRFUnderstanding of loss mechanisms in Nb used in SRF cavities using μSR and βNMR facilities
 A. Grassellino, C.Beard, P.Kolb, R.E. Laxdal, N.S.Lockyer, D.Longuevergne, and J.E.Sonier, `Muon spin rotation studies of niobium for superconducting rf applications', PRST 16 (2013)
 Space Charge in cyclotronsStudies of fundamental space charge limit in H-cyclotrons with applications to our 400 μA program
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Highlights summary: Accelerator Science on the international leading edge
 1. ISAC: Operating the highest power driver beam ISOL facility in the world (50kW)
 2. Actinide Targets: highest beam power on an ISOL actinide target3. ISAC-II linac is the leading post accelerator for RIBs4. Delivery and acceleration of cleanly separated 94Sr to 5 MeV/u 5. Ion-Guide Laser Ion Source for improved yields of rare isotopes6. First use of muon Spin Resonance for the understanding of loss
 mechanism in SRF cavities (Published in PRST-AB)7. At laser spectroscopy: First determination of the Ionization potential of At
 and a new laser ionization scheme (Published in Nature Comm)8. EMMA Collaboration: A nearly isochronous FFAG ring (Published in
 Nature)9. New technique of optimizing quadrupole pole shapes (Published in
 PRST-AB)
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40
 Plans 2015-2020
 Q 9: Are the proposed activities included in TRIUMF’s 5-year plan appropriate and consistent with the needs and ambitions of the physics community, both in Canada and internationally? Will the plan elevate Canada’s reputation and international leadership in nuclear medicine, nuclear physics, materials science, particle physics and accelerators research?
 Q 10: Do the requested resources and the laboratory’s capabilities give reasonable confidence that the activities of the 5-year plan can be carried out to achieve the stated outcomes?
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Accelerator Division 10-year Strategic Plan
 41
 Mission The TRIUMF Accelerator Division has the mission to ensure highest availability of the accelerator complex to maximize scientific productivity, to build new accelerator facilities using leading edge technology, to bring accelerator technologies to private sector for commercialization & societal benefit and to educate the next generation of accelerator scientists.
 .
 Vision ISAC-ARIEL will be the world’s leading ISOL facility, and the Accelerator Division will have a renowned, and in some areas world-leading, advanced accelerator R&D program focusing on operating and next generation accelerators at TRIUMF and around the world, while providing a world-class education in accelerator Physics & Engineering, and being a model of applying accelerator technology to societal benefit.
 Objectives 1. Become the world’s leading ISOL facility
 2. Maintain world-leading expertise in Phys&Eng of cyclotrons & hadron accelerators
 3. Become recognized experts in high intensity, CW SRF e- linacs.Pursue innovative applications
 4. Be a world-leader in SRF science & technology
 5. Improve accelerator operations 6. Create a renowned program in accelerator physics & engineering research & education
 Strategies and Actions
 A. Expand range of isotopes
 i. Build & commission ARIEL photo-fission target
 ii. Increase beam purity with HMTF and CANREB EBIS
 iii. Create strategic target development roadmap for beams and priorities including target materials and ion sources
 A. Develop and refine
 i. Develop test bed for high intensity sources and diagnostics
 ii. Design second accelerator leg for ISAC and Initiate conceptual design of RIB storage ring
 iii. Maintain external collaborations with high intensity hadron projects
 A. Develop technologies
 i. Build & commission e-linacto full intensity
 ii. Develop diagnostics for high intensity beam operation
 iii. Support R+D towards High Q operation
 iv. Pursue ERL/FEL R&Dv. Develop high brightness
 photo-gun
 A. R&D on Fundamental SRF
 i. Continue fundamental studies of RF Superconductivity w/ uSRand bNMR
 ii. Expand partnerships with local universities to develop new diagnostics
 iii. Build new diagnostics for rfsurface resistance – sample test cavity and multi-mode cavity
 A. Accelerator Operations
 i. Design & Build Central Control Room
 ii. Develop model of combined Operations & Beam Delivery with trainingprogram
 iii. Implement and expand SAS framework
 iv. Automate performance monitoring
 A. Attract new students
 i. Define the mission and focus for accelerator education and produce a handbook
 ii. Expand accelerator courses including USPAS and TRIUMF Summer Institute
 iii. Expand NSERC grantrequest program
 B. Improve ISAC-I & II accelerators reliability
 i. SC linac reliability and performance improvement plan
 ii. upgrade ISAC-II Cryogenics
 B. Improve cyand performan
 i. Develointensicyclotro
 ii. Study
 clotron capability ce
 p a plan for high ty upgrade of n
 , improve, reduce number of beam trips
 B. Develop e-linac Light Source applications
 i. Organize user workshop to define LS characteristics
 ii. Develop LS designs: ICS, FEL
 iii. Create new user community for TRIUMF
 B. Broaden portfolio of SRF cavity shapes/apps
 i. Spoke and HWR resonators for high intensity hadron acceleration
 ii. SRF separator cavityiii. Design, build and utilize test
 mode cavities
 B. Controls
 i. Develop database for HLA platform
 ii. Migrate cyclotron from CCS to EPICs
 iii. Improve integration between controls and device specifications
 B. Build a Test Facility for Accelerator Physics R&D
 i. Design and build a table top cyclotron
 ii. Design and build a table top electron ring
 iii. Set-up a diagnostics test station
 C. Increase beam time to users
 i. Upgrade target facilities for faster turn around of targets
 ii. Complete North Hot Celliii. Redesign ISAC TM based
 on ARIEL TM
 C. Refine proactive maintenance strategy
 i. Continue to explore ways to increase cyclotron hours by intelligent maintenance scheduling
 C. Expand industrial partnerships for intense electronsi. Support EBFGT initiative
 with PAVAC ii. Evaluate/pursue Mo-99
 production with e-linac
 C. Improve SRF facilities
 i. Secure degassing ovenii. Upgrade clean room
 diagnostics and capabilitiesiii. Expand R+D sample
 treatment facility
 C. Aging accelerator infrastructure
 i. Continue cyclotron upgrades and refurbishing with risk analysis on spares and infrastructure
 C. Pursue non-programmatic R&D
 i. Contribute to AWAKE collaboration
 ii. Pursue R&D on ILCiii. CERN collaboration
 D. Complete proton beamline
 i. Install, commission and test BL4N
 ii. Complete training program for BL4N
 D. Upgrade BL1A
 i. Develop long term solution to improve engineering and reliability of beam line 1A with staged implementation and considering UCN
 D. Complete e-linac to full intensity and energy
 i. Add second EACM – work up beam intensity and energy
 D. Expand Tech Transfer to Industry
 i. Complete QWR cryomodulewith PAVAC for MOU3
 ii. Transfer 2K cryomoduletechnology to PAVAC
 D. Improve maintenance program
 i. Review calibration index (add devices, perform regular calibrations)
 D. Enhance Accelerator education
 i. Create tenuredprofessors in Accelerator Physics and add adjuncts
 E. Increase reliability/efficiency
 i. Refurbish target modules and initiate new module
 ii. Improve tuning strategy, diagnostics and beamtransport efficiency
 iii. Provide HLA tools & train operators
 iv. Develop rotating proton beam on target
 E. Cyclotron operation efficiency
 i. Improve tuning tools for cyclotron ops including ISIS and beamlines
 ii. Develop protocols, training, HLAs
 E. e-Linac operation efficiency
 i. Write procedures and develop an operator training plan for e-Linacoperation
 ii. Develop HLA for start-up and high intensity operation
 E. Upgrades of existing SRF
 i. Initiate QWR development program for surface and bulk processing
 ii. Upgrade infrastructure for production processing of ISAC-II cavities
 iii. Initiate high Q production and processing R+D program for ARIEL cavities
 E. Service Infrastructure
 i. Improve service infrastructure, improve diagnostics (e.g. Water flow & T readbacks on site, moisture sensor)
 ii. Fix roofiii. Increase ISAC cooling
 capacityiv. Office space
 E. Accelerator Engineering & Technical Education
 i. Broaden range of engineering andtechnical training
 ii. EIT -> Peng – Set up lab program for mentoring and training EITs
 iii. Apprenticeship program
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Six main objectives of Accelerator Division strategic plan: 1. Become the world’s leading ISOL facility2. Maintain world-leading expertise in cyclotrons3. Become recognized experts in e-linacs & applications4. Be a world-leader in SRF science & technology5. Improve accelerator operations6. Create a renowned program in accelerator research &
 education
 Accelerator Division Strategic Plan Objectives
 42
 Expand Canada’s position as a world leader in accelerator science and technology
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Three main efforts aiming at the ISOL objective: A. Increase ISAC reliability
 Develop Target Module refurbishing ProgramExpand storage vault for spent targetsISAC-II Cryogenic system upgradeComplete North Hot Cell Improve reliability of ISAC-I and II accelerators
 B. Expand ISAC capabilitiesDesign/build next generation ISAC target modulesExpand program of targets R&DImplement Quick Services DisconnectsImplement rotating beam on targetUpgrade ISAC-II energy reach
 C. Complete and operate ARIEL
 Objective #1: World’s leading ISOL facility
 43
 Jens Lassen
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Completing and operating ARIEL is absolutely central to realizing laboratory vision
 ARIEL substantially expands RIB program:• three simultaneous beams
 • increased number of hours/yr delivered • increased beam dev capabilities• enables sensitive and long beam time experiments
 • new isotope species: • “clean” n–rich • proton-rich
 Implementation:Complementary electron linac driver for
 photo-fissionNew target stations and front endNew proton beamline
 44
 Completing ARIEL
 Marco MarchettoJens Dilling
 Cyclotron
 ISAC
 e-linac
 ExistingARIEL IARIEL II
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Objective #2: World-leading expertise in cyclotronsMain efforts aiming at the cyclotrons objective:
 A. Stable and reliable operation at 300 μAB. Address highest risk vulnerabilities
 Main Magnet power supply replacementPLC-based Controls subsystems upgradeVault recablingTank vacuum controls New ion source as hot spare
 C. Work towards 400 μA intensity upgrade Centre region diagnostics upgradeSpace charge limit studiesInjection line horizontal section upgrade
 D. Work towards reducing/eliminating lid-up maintenance 45
 Thomas Planche
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Objective #3: Expertise inelectron linacs and applications
 Main efforts aiming at the electron linacs objective: A. Establish reliable operation of 30 MeV, 100 kW ARIEL e-linacB. Complete e-linac upgrade to 50 MeV, 500 kWC. Pursue R&D for Energy Recovery Linac (ERL) / Recirculating
 Linear Accelerator (RLA) (10-year capability)Fabricate and test SRF Separator cavity
 46
 Doug Storey - poster
 Shane Koscielniak
 Energy doubling significantly increases photo-production 8Li ratesPath towards first linac-based light source in Canada
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Main efforts aiming at the SRF objective:A. Support programmatic activities
 Complete ARIEL e-linacUpgrade ISAC-II Heavy Ion Linac
 B. SRF development High Q frontierHigh gradient frontier (µSR, β-NMR) Multi-layers, new materials (β-NMR)*Student research projects
 C. Expand collaboration with industryTransfer cryomodule productiontechnology to PAVAC: QWR forVECC, elliptical for electron/hadroncw applications, ILC
 Objective #4: World-leader in Superconducting RF science & technology
 ISAC-IIARIEL
 QWR CM
 ILC CM
 Multi-mode resonator
 RF induction
 ovenmuSR and β-NMR for
 SRF materials
 Bob Laxdal
 Anna Grassellino
 Phillip Kolb
 47*Collaboration w/ KEK
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Objective #5: Improve Accelerator Operations
 Main efforts aiming at the Operations objective:
 A. Develop Accelerator Operations model in the ARIEL eraDesign & build consolidated Central Control RoomDevelop model of Operations and Beam Delivery to 3simultaneous RIB users
 B. Increase efficiency of Operations Develop High Level Applications platform and databaseMigrate cyclotron controls to EPICS
 48
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Objective #6: Renowned program in accelerator research & education
 Main efforts aiming at the R&D and Education objective
 A. Grow non-programmatic accelerator R&D High Q program, new processes and materials Expand μSR and β-NMR diagnostic tools for SRF Contribute to AWAKE collaborationPursue R&D on ILC
 B. Attract more students Produce a handbook for accelerator research & educationDevelop new accelerator courses, including USPASIncrease NSERC grant requests
 C. Accelerator Engineering & Technical EducationSet up program for mentoring and training EIT (Engineer in Training) towards P.Eng. (Professional Engineer)
 49
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Low Carbon Neighbourhood District Energy System on UBC’s Vancouver Campus
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Budget Scenarios
 51
 2010-15 2015-2020
 A B C
 Operating Budget (Accel & ISAC Dev)
 $12.0M $14.6M $12.6M $9.15M
 Strategic Initiatives(International Participation)
 $0.5M $1.5M 0 0
 Infrastructure Renewal(Cyclotron & ISAC Refurb.)
 $2.0M $5.5M $4.6M $2.5M
 ARIEL Project $62.8M $32.4M $32.4M $13.2M
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• Scenario A – Exploit opportunities for enhanced impactInvestments guided by Risk Matrix, as follows:
 Budget Scenario A
 52
 Cyclotron refurbishing ($3M)Main magnet Power Supply
 Trimac controllers
 Remote Handling Upgrades
 Vault Re-cabling
 Tank vacuum controls
 New ion source hot spare
 Central region diagnostics
 Diagnostics electronics upgrade
 New cryo-pumps
 ISIS Horizontal section upgrade
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• Scenario A – Exploit opportunities for enhanced impactInvestments guided by Risk Matrix, as follows:
 Budget Scenario A – cont’d
 53
 ISAC Refurbishing ($2.5M) Target module refurbishing program
 Storage vault for spent targets
 Cryogenic system upgrade for ISAC-II
 Crane rotation
 North Hot Cell
 Spare dump module
 Reduce beam tuning (HLA)
 ISAC Developments ($3M)Next generation target modules (2)
 Remote services disconnect
 Beam rastering
 Vacuum & cooling target stations separation
 LEBT vacuum upgrade (for high mass beams)
 Ion source test stands upgrade
 ISAC II upgrade: cavity Q increase, energy gain
 • Participation in international accelerator projects: LHC, ILC• Research and student program
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• Scenario B – Maintain core competency, avoid growth & increase risk
 Remaining / Lost capabilities (Investments guided by Risk Matrix):
 Budget Scenario B
 54
 Cyclotron refurbishing ($2M + $1M from commercial revenue)
 Main magnet Power Supply
 Trimac controllers
 Remote Handling Upgrades
 Vault Re-cabling
 Tank vacuum controls
 New ion source hot spare
 Central region diagnostics
 Diagnostics electronics upgrade
 New cryo-pumps
 ISIS Horizontal section upgrade
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• Scenario B – Maintain core competency, avoid growth & increase riskRemaining / Lost capabilities (Investments guided by Risk Matrix):
 Budget Scenario B – cont’d
 55
 ISAC Refurbishing ($1.6M) Target module refurbishing program
 Storage vault for spent targets
 Cryogenic system upgrade for ISAC-II
 Crane rotation
 North Hot Cell
 Spare dump module
 Reduce beam tuning (HLA)
 ISAC Developments ($1.5M)Next generation target modules (2)
 Remote services disconnect
 Beam rastering
 Vacuum & cooling target stations separation
 LEBT vacuum upgrade (for high mass beams)
 Ion source test stands upgrade
 ISAC II upgrade: cavity Q increase, energy gain
 ISAC: Reduced ISAC developments => leadership compromised, increased risk of component failure, e.g. ISAC-II cryo system => increased downtime
 No investment in international accelerator projects, except personnel
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• Scenario C – Reduced resources, restrict programRemaining / Lost capabilities (Investments guided by Risk Matrix):
 Budget Scenario C
 56
 Cyclotron refurbishing ($2M from commercial revenue)
 Main magnet Power Supply
 Trimac controllers
 Remote Handling Upgrades
 Vault Re-cabling
 Tank vacuum controls
 New ion source hot spare
 Central region diagnostics
 Diagnostics electronics upgrade
 New cryo-pumps
 ISIS Horizontal section upgrade
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• Scenario C – Reduced resources, restrict programRemaining / Lost capabilities (Investments guided by Risk Matrix):
 Budget Scenario C – cont’d
 57
 Cyclotron: 400 μA effort slows down. Compromised cyclotron reliability, science output.ISAC: No new capabilities, leadership severely compromised. Reliability severely compromised,
 increased risk of component failure => increased downtime, reduced ISAC RIB hours ARIEL II: Progress significantly slowed due to reduced personnelVery limited participation in international accelerator projects
 ISAC Refurbishing ($0.5M from commercial revenue + $1M ISAC Dev) Target module refurbishing program Storage vault for spent targets Cryogenic system upgrade for ISAC-IICrane rotation North Hot CellSpare dump module Reduce beam tuning (HLA)
 ISAC Development ($0M)Next generation target modules (2)
 Remote services disconnect
 Beam rastering
 Vacuum & cooling target stations separation
 LEBT vacuum upgrade (for high mass beams)
 Ion source test stands upgrade
 ISAC II upgrade: cavity Q increase, energy gain
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ISAC/ARIEL RIB Hours ProjectionR
 IB H
 ours
 Year
 RIB hours is only one metric. Others include RIB quality (intensity, energy) and variety.
 ARIEL Complete
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ISAC-ARIEL: The world’s leading ISOL facilityExpertise in cyclotrons beam physics and engineering that are sought internationally A state of the art electron linac with the potential to realize the first linac-based coherent light source in Canada An SRF centre of excellence with strong ties to local industry, and contributions to international projects, such as the ILCEfficient, high reliability operation of simultaneous beamsFirst in Canada, and one of the few in the world, graduate student program in accelerator physics for training of next generation leaders, and a renowned accelerator science research program.
 Outlook: TRIUMF Accelerators in 2020 (Scenario A)
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In the past 5 years the TRIUMF Accelerator Division has delivered results that are on the international leading edge across all areas.
 Our vision and 5-year plan will establish TRIUMF as a premier accelerator laboratory with a world-leading user program and a strong component in accelerator research and education, and will elevate Canada’s leadership in accelerator science.
 Summary
 60
 Our strategic approach, track record of achievements to date,ARIEL e-linac completion on schedule Sept ‘14, coupled withscenario A for resources, ensure that we will successfullyimplement our next 5-year plan and realize our vision.

Page 61
						

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
 Thank you!Merci
 TRIUMF: Alberta | British Columbia | Calgary | Carleton | Guelph | Manitoba | McGill | McMaster | Montréal | Northern British Columbia | Queen’s | Regina |Saint Mary’s | Simon Fraser | Toronto | Victoria | Winnipeg | York

Page 62
						

NSERC Accelerator Research Grants - FundedProposal Pis Total
 Amount [$k]
 Duration[years]
 Competitionyear
 Diagnostics, machine protect, controls for e-linac
 Karlen, ChaoKoscielniakMattison
 146 3 2011
 Optimization platform for accelerator & transport design
 Chao, Baartman 66 3 2011
 Resonance Ionization Mass Spectroscopy
 Lassen 75 5 2011
 Cyclotron Physics Baartman, Rao 45 3 2012
 Fundamental Studies in SRF Laxdal 300 5 2012
 A Programme of Research and Development on the Improvement of SRF Cavities for Future Accelerators
 Merminga, Orr,Laxdal, Baartman
 153 3 2013
 Développement de l'ensemble cibles et sources d'ions pour le projet ARIELà TRIUMF
 Bricault 183 3 2013
 TOTAL 96862
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NSERC New Applications - 2014
 Proposal Pis Amount [$k]
 Duration[years]
 Comp.year
 Investigation of thermodynamic & chemical processes in targets for RIB production
 Kunz 264 3 2014
 Charge state breeding using an EBIS coupled to a high Current RFQ Paul trap and a Niertype spectrometer
 Ames (PI), Pearson,Kanungo,Dilling, Merminga
 300 3 2014
 Graduate student support for accelerator physics projects with the e-linac at TRIUMF
 Karlen (PI), Chao, Koscielniak, Mattison
 300 5 2014
 Accelerator Diagnosis and Control Based on Low Energy Empirical Model
 Chao (PI), Merminga 84 3 2014
 Improving proton therapy using nuclear physics techniques
 Conny Hoehr 125 5 2014
 *A High Magnetic Field Spectrometer as a Surface Probe of Nb SC used in RF Cavities
 Merminga, Orr,Laxdal, Baartman
 148 1 2014
 *Multi-mode RF Resonators for SRF Research
 Laxdal, Orr, Merminga 149 1 2014
 *Resonator for SRF Material Sample Testing Laxdal, Orr,Merminga, Hardy
 89 1 2014
 *A SRF Separator Cavity for ARIEL Merminga, Laxdal, Orr 149 1 2014*RTIs 63
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Name Degree University Thesis Topic Supervisor Start date
 Graduation date (exp.)
 GONG PhD UBC E-linac ERL Chao 2009 2013
 HEGGEN PhD TUDarmstadt IG- LIS Lassen 2011 2016
 KOLB PhD UBC 1.3 GHz cavity Laxdal 2010 2014
 LEEWE PhDSFUEngineering
 Microphonicssuppression Fong 2010 2014
 TBD MScSFUEngineering
 Frequency stabilization Fong 2013 2015
 MARCHETTO PhD UBC HRS/High mass Baartman 2010 2014
 TEIGELHOEFER PhD U Manitoba TRILIS Lassen 2012 2015
 STOREY* PhD U Victoria SRF defl.cavity Merminga 2012 2014-15
 ABERNATHY MSc U Victoria TBD Laxdal 2013 2015
 BUCK* MSc UBCNb SC w/μSR β-NMR Merminga 2012 2014-15
 Graduate Students in Accelerator Physics & Engineering
 64* On NSERC fellowships

Page 65
						

Name Degree University Thesis Topic Supervisor Start date
 Graduation date
 A. Grassellino PhDU. Pennsylvania
 Q-slope in quarter wave
 Laxdal/Lockyer 2008 2010
 F. Labrecque PhD Laval Univ ECRIS Bricault 2007 2011
 J. F. Lavoie PhD Laval Univ Laser ionization Bricault 2008 2010
 J. Meissner MSc FH OldenburgLaser beam transport Lassen 2009 2010
 N. Bernier MSc Laval UnivPhotoproductionof 8Li from 9Be Bricault 2011 2013
 Recent Graduates in Accelerator Physics
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