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TRI UMF 1 s Canada [

accelerator centre. , = -
A world-class hub of research,

education, and innovation that

IS home to ~600 staff and 200

students and post docs.

Founded in 1968 by the

University of British Columbia,
Simon Fraser University, and
the University of Victoria,
TRIUMF is one of Canada's
major investments in large-
scale research infrastructure.
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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 o IAMI)



®TRIUMF A ctivities in the Syear plan 2025-2030

A Contribution agreement has been signed, which lays out the
funded activities (next slide).

A The Implementation Plan has been completed and describes the
activities and deliverables in the 2025-2030 period.
It outlines how TRIUMF will deliver on its mission over the next
five years.

A For the Accelerator complex that translates to:

A Ensure ARIEL is ready for Gate-4A (beam commissioning) in the
TRIUMF project management process by 2027

A Deliver 5000 hours of radioactive isotope beam to ISAC by the
2029 operational year A beam operations ramp-up of ARIEL

A Refurbish key infrastructure and accelerator systems
A cyclotron refurbishment (cyclotron control system upgrade,
RF-systems, vacuum systems etc.)
A Rare Isotope beam (RIB) production and delivery improvements
of ISAC.
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A Delivery of external commitments (HL-LHC, THz radiation infrastructure, PC-CANS,

EIC [see talk of R. Laxdal ] é)

=
E o
)
>
O
&)
%2
A

©
)
—
©
| -
&)
)
&
O
©



Development of
the accelerator
complex
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Major Achievement: Replacement of the horizontal
Injection beamline + new Iinjector

A Cyclotron horizontal injection beamline from the I1 A oldest system
of the accelerator complex

A Replaced by a beam line that also connects to the new 300 kV
injector terminal 12.
A New vacuum boxes and pumps, diagnostics, magnetic g
stray field compensation, optics, buncher and controls '

S

New injector 12

»
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A New ion source, new 300 kV terminal and all
services

AN

A lon source is ready, demonstrated at test stand:
H- emittance at 1 mA: 20.8 um (design goal: 20 pm)

A All fabrication completed, still installation to be done

1.0

«Cyclotron inflector

100 105 110 115 120
mm
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A E-gun delivers max. 10 mA at 300 keV beam

A The injector cryomodule (1) accelerates to 5-10 MeV

A The accelerator cryomodule (2) is equipped with two
cavities and reaches max. 30 MeV.
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3-day of electron beam delivery
at 30 MeV and > 3 kW. 5 beam
trips, ~98% up time. B PATH EHD : DUMP

PEAK CUR. 498 pA
ENERGY 30.2 MeV
POWER 10.0 kW
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A E-gun delivers max. 10 mA at 300 keV beam

A The injector cryomodule (1) accelerates to 5-10 MeV

A The accelerator cryomodule (2) is equipped with two
March 10to 13, 2025 cavities and reaches max. 30 MeV.
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THz radiation project
at the ARIEL e-linac

Part of the infrastructure development for
the photon science community (CFlI
funded, collaboration led by Scott Hopkins
[see the talk in this session]).

A SRF high beam brightness photo-gun

A Clean room for the photo-gun laser
system on top of the e-hall

A Bunch compressor chicane
A Progress:

A First THz radiation detected at the
ARIEL e-linac in November 2024

A Great diagnostics tool for longitudinal
beam parameter i quadratic
dependence on the bunch length

The teraheriz gap: 40 GHZ to 4THz or 1,33 em” to 133 em™ or 75 mm ta 75 pm
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The future of beam development and delivery -
Model based beam tuning

A At TRIUMF a web-based framework and python
Interface to communicate with the accelerator control
system has been developed for

High-level applications (HLA).

MCAT: 23Na4+ (A/q = 5.75) TRANSOPTR t
A Emerged from HLA A Model Coupled Accelerator . ALl + (Aflg ) une
Tuning (MCAT). OLIS to MEBT section
A Coupled use of an envelope code in parallel to
machine tuning, fed by on-line measured beam
parameter.

A Beam orbit correction using Bayesian Optimization
Finding the steerer values that Progress from MEBT:FC9 to HEBT:FCO, =3
maximize transmission is treated as 10
a black box problem. Bayesian
Optimization is to build a probabilistic
model which accurately represents
the objective function (transmission)

—— |nitial Sampling
—— Optimizing

Transmission (%)
&
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%
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&2 TRIUMF

Towards the
completion of the
Advanced Rare
Isotope Laboratory
(ARIEL) project




ARIEL: ISACX3

AARI EL is the worl dés
Isotope separation online complex.

A It will triple ISAC's present rare
Isotope capabilities.
A ARIEL is the only rare isotope facility

that will provide three RIB beams
simultaneously to experiments.

A Will add two new ISOL target
stations, driven by high-power
proton (50 kW) and electron (100
kW) beams

A Production and processing of s
medical isotopes in proton beam
dump
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«*TRIUMF Completion of the ARIEL project

Requires the target hall infrastructure for

both stations
(shielding, target building infrastructure, gas
handling, HV infrastructure, vacuum systems)

Target and RIB modules and beam

dumps including the medical target and
transfer system to the hot cell.

Beam line 4 North (BL4N) and the

electron beam line

A
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Required for the ramp up in operation :

Spent target decay storage vault
Target production infrastructure
(laboratories)

Offline target acceptance stand i TISA
completion

HV infrastructure for APTW

E-linac upgrade to full performance
CANREB operation (EBIS, RFCB and HRS)

2000t of ste€
and concrete

Hot cell facilities consisting
~ of maintenance cell and
- target disposal cell
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«TRIUMF  Recent progress highlights (1)

A Hermetic target vessel (HTV) assembly completed

A Target & lon source front end assembled in the lab and aligned; APTW Target lon
Source Front End assembly complete and placed into hot cell for remote handling
validation tests.

A Target Pit shielding construction & concrete pours i more layers completed
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«TRIUMF  Recent progress highlights (2)

A New proton beam line (BL4N) extraction and section in the 520
MeV cyclotron vault are completed.
Also the collimator section in the so-called proton cave has
been installed.

A Target & lon Source Acceptance (TISA) test stand front end
has been rebuilt and completed

A CANREB High Resolution
Separator (HRS) tested with
world-record mass resolving

power

LOCATION OF VAULT WALL f

PROTON CAVE SECTION
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Planning towards ARIEL operatmhong shut down 2026 (LS26)

CY 2024 CY 2025 CY 2026 CY 2027 CY 2028

QL Q2 Q3 Q4 QL Q2 Q3 Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 04 QI Q2 Q3 Q4

ARIEL Core Team Start FTE ramjoip Expanded Team Transferring resources to ops and other pro

Shielding « Fixed Component Installation ")

Driver Beam Lines Integr, Design, Manuf.
RIB & Entrance Modules Construction . Commissioning A 1SOL target stations and
s ='  Target Modules( FEAassem Tests |  Offline Installation - Commissioning beam lines

S0 Beam Dumps - Manuf.  Assem Commissioning A Medical target system
Electron

Iding Install
Testing, Commissioning Three major blocks:

et Alignment Rails I?Qt. Design  Manuf. ¢ !ItlSta||atI0n A ARIEL operation rarApp
Secondary Gas* ¢ Offline Manufacturing (with elinac, CANREB
Service Spaces  Offline Prep target labs, etc.).

High-Voltage Chases* Offline Prep . Installation
Auxiliary Systems* | Manufacturing ~ Assem Testing

Installation = Test., Comm. Med. Isotopes CFI

Med. Isotopes to Users Early Closeout

: : . . . vy
[i=cieetie Medical Target* ( Design, Prototype * Manufacturing Commissioning
Isotopes — — e ARIEL User
P Transfer System . Manufacturing ‘Commissioning Operation
\ 4
Elinac Upgrades Power & Reliability Ranjp
o AWU=ES CANREB Upgrades
erations , .
Rl’oamp Up Spent Target Vault Det. Design  Manuf.,
Target Laboratories* - Conv. Chem. ' Actinide Chemistry = Assembly Lab Production Ramp Up
A A A A A
Today Beam First Beam ARIEHI CFI Three Beam

APTW on AETE Early Closeout Capability



ion of ARIEL
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