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TRIUMF Facilities
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TRIUMF: 

• Canada’s Particle Accelerator 

Centre

• At southern tip of UBC 

Campus.

• Home of the world’s largest 

cyclotron & 𝝁SR Facility.

Isotope Separator and ACcelerator (ISAC):

• Produces rare-isotope beam.

• Hosts 𝜷-NMR Facility

• Home of superconducting post-accelerator 

ARIEL Project:

Superconducting electron linear accelerator

 (e-LINAC)

Triple rare isotope beam →  world’s most powerful 

ISOL complex



SRF Technology
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RF Acceleration:

➢ synchronize particle ‘bunches’ (beams) ⇔ crest of RF field.
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Superconducting RF (SRF) Cavities

▪ Five orders of magnitude lower dissipation

▪ Main technology high power + high energy accelerators

▪ Performance = Q vs E curve:

➢ “standard practice”  → “tailored recipes”

RF Cavities:

➢ store + transform RF energy → beam energy

➢ More efficient acceleration → higher energy @ shorter distance 

= increase accelerating gradient (Eacc) 

 → increase of dissipation from surface B-field Bsurf.

Q0

Eacc

Higher Q0

Higher gradient
Reduced linac length

= lower capital cost

Reduced
cryogenic 
= lower
operating cost

STANDARD

Q0

Eacc

“N-doping”

(800oC)

“N-infusion”

(120oC)

V
a

c
u

u
m

 B
a
k

e

TAILORED

“standard”



Superconductivity Fundamentals
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Superconductivity: e- s → Cooper pairs when cooled 
below Tc. 
➢ Perfect diamagnetism (Meissner effect): 
 Bsurf screened within ~ 100 nm (𝝀). 
➢ Zero DC resistivity. Small but finite RF Surface 

Resistance Rs contained within 𝝀.

SRF cavity →  Niobium (type-II superconductor):
❖ Highest Tc (~ 9.2 K for Nb) for elemental SC
❖ Highest Bc1 of all SC. 

❖ Real Bc,v surface dependent (~ 200 mT) 
❖ Determines max. Eacc.

𝝀

SRF regime  → Meissner Phase
Max Eacc → Bc,v



Ideal SRF Probe
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We need to measure:

• Field screening B(x) within ~100 nm

➢ Implant spin-polarized ions

• B// as in SRF cavity + up to Bc,v ~ 200 mT

➢ No facility prior to this thesis  → 𝜷-SRF (𝛽-NMR + 
SRF)

➢ Heavier Li-8 ions → less transverse deflection.

Spin-Lattice Relaxation (SLR): 

• Time evolution of probes’ spin relaxation, via beta-decay 

anisotropy (Asymmetry of detector counts ∝ P(t)) 

• SLR rate 1/ T1

Obtain magnetic field profile B(x):

• Stopping depth x ∝ E → 1/ T1  vs. E

• Measure local 𝑩  : 

 for Bapp ≪ 1T, local 𝑩  slows down relaxation 

• Implantation distribution 𝝆𝑬 𝒙  averaging 

 1/𝑇1 𝐸 = 0׬

∞
𝜌𝐸 𝑥 1/𝑇1 𝐵(𝑥) 𝑑𝑥



𝜷-SRF beamline
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1.     𝜷-NMR Facility: 

➢ Spin-polarized 8Li+ beam @ ISAC 

Facility

2.      𝜷-SRF Beamline:

➢ New magnet: 24 mT → 200 mT

➢ New ion optics: +1 m section

 (strong transverse deflection)

upgraded

8Li+ beam

https://doi.org/10.1063/5.0137368



𝜷-SRF First Results
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https://doi.org/10.1038/s41598-024-71724-5

Two Nb Samples:

• Distinct field screening 
→ “clean” vs. “dirty” SC 
surface.

• Distinct field 
dependence 𝜆 vs. Bapp → 
Q0 vs Eacc.

• Detect flux/vortex entry 
→ Bc,v → max. Eacc.



Posters Advertisement
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July 22nd, 3:40 PM

July 24th, 10:40 AM



Follow us @TRIUMFLab

www.triumf.ca

Thank you
Merci



TRIUMF Campus

J. Bagger, et al. Proceedings IPAC2018
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ISAC Facility
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https://discoverourlab.triumf.ca/tour-our-lab/isac-1/
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