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2 TRIUMF TRIUMF Facilities

TRIUMF:

* Canada’s Particle Accelerator |
Centre

* Atsouthern tip of UBC
Campus.

* Home of the world’s largest

cyclotron & uSR Facility.

Isotope Separator and ACcelerator (ISAC):

* Produces rare-isotope beam.
* Hosts B-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
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e TRIUMF

SRF Technology

RF Acceleration:
» synchronize particle ‘bunches’ (beams) < crest of RF field.

RF Cavities:
» store + transform RF energy - beam energy
» More efficient acceleration = higher energy @ shorter distance

= increase accelerating gradient (E,_)

t=Tre/2
- increase of dissipation from surface B-field B ;.
Superconducting RF (SRF) Cavities
* Five orders of magnitude lower dissipation
= Main technology high power + high energy accelerators
= Performance = Qvs E curve: “N-doping”
» “standard practice” -> “tailored recipes” (800°C)
STANDARD TAILORED
Q Higher Q, Q
\ Reduced L ssauessesssse T N
cryogenic standard \
= lower
Higher gradient operating cost
Reduced linac length “N-infusion”
= lower capital cost (120°C)
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2 TRIUMF Superconductivity Fundamentals

Superconductivity: e s = Cooper pairs when cooled
below T..
» Perfect diamagnetism (Meissner effect):
B, sScreened within ~ 100 nm (4).
» Zero DCresistivity. Small but finite RF Surface
Resistance R, contained within A.

SRF cavity - Niobium (type-Il superconductor):
% Highest T_(~ 9.2 K for Nb) for elemental SC
% Highest B, of all SC.

% Real B, surface dependent (~ 200 mT)

X/

** Determines max. E__.

SRF regime - Meissner Phase
MaxE,.. > B,
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2 TRIUMF Ideal SRF Probe

We need to measure:

* Field screening B(x) within ~100 nm
» Implant spin-polarized ions
* B, asinSRF cavity +up to B_,, ~ 200 mT

» No facility prior to this thesis - S-SRF (5-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 o P(t))
* SLRratel/T,

Obtain magnetic field profile B(x):
* Stoppingdepthx xE - 1/T, vs. E

* Measure local (B) :

for B,,, < 1T, local (B) slows down relaxation

* Implantation distribution pz(x) averaging

(1/Ty)g =, pe(x) 1/T;[B(x)]dx

N
o Depolarization
S 4keV Rate = 1/T,
g
by
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\ Time [sec]
1/T, '
Slope « screening
Energy
(B),
~ Meissner 1 a
State T, T 5+ (B)?
-
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Energy
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& TRIUMF [-SRF beamline

upgraded
1. B-NMR Facility: ;‘Li* High-parallel-field
eally Spectrometer
» Spin-polarized 8Li* beam @ ISAC
ow-parallel-field

Facility

Spectrometer

2.  [3-SRF Beamline:
» New magnet: 24 mT - 200 mT

» New ion optics: +1 m section

E].B{:‘I:rmtntl{: A >

> :. - B-NMR Leg

Optical pumping igh-perpendicular-field

(strong transverse deflection) z .
Li* beam region
Spectrometer)

https://doi.org/10.1063/5.0137368
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[3-SRF First Results
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https://doi.org/10.1038/s41598-024-71724-5
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Two Nb Samples:

* Distinct field screening
- “clean” vs. “dirty” SC
surface.

* Distinct field
dependence A vs. B

Qo Vs By

* Detect flux/vortex entry
- B., 2 max. E.

9

app

1 B(x)

R_.s = B¢ (Normal)

X [nm]
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e TRIUMF

Posters Advertisement

Contribution 1D: 24 Type: Poster Presentation

B-SRF —A Facility for Depth-Resolved
Characterization of the Magnetic Field Screening in
Superconducting RF Materials

A new beamline called “B-SRF" has been buill al TRIUMF, allowing for the near surface characlerization of
malerials with f-radiation-detected nuclear magnetic resonance (f-NMR) in applied magnetic fields up to
200 mT parallel to the sample surface. These capabilities are relevant for the study of Nb superconducting
radiofrequency (SRF) cavities - common comp in particle - where subtle modifications to
their subsurface (e, the first ~100 nm) due to processing can drastically affect their RF dissipation and limit
their maximum accelerating gradient. Understanding the mechanisms behind these surface modifications
is imperative for large scale superconducting linear accelerators (linacs), as they impact both their capital
and operating costs. Here, the details of the “f-SRF” beamline, along with its first measurements on two Nb

July 2274, 3:40 PM

itribution ID: 99 Type: Poster Presentation

Nanoscale Measurement of Superconducting NI
Intrinsic Length Scales Using Low-Energy pSF

\ superconductor’s intrinsic length scales —the London penetration depth A<subsL</sub> and Bardeen-(

ichrieffer (BCS) cohy length £<sub=0</sub> -are closely d to its electronic structure and g
alient features suchat s Meissner response. Leveraging recent advances in the preparation 1) and cha
zation [2] of Nb metal for technical appl (eg. radic ¥ car

ve quantify the elemental superconductor’s A<sub=I (f’sulh and E<sub=0</sub> from depth-resolve
urements of its Meissner profile using low-energy muon spin spectroscopy (SR). Accounting for know
ematics [3] and subtleties [4] in the measurements, we find values for the lengths that are ~10 nm shorte
hose nominally quoted for the metal (see, e.g., [5]), but in good agreement with predictions from elec
tructure calculations and compatible with of Nb’s h fa

Contribution 1D: 41

Type: Poster Presentation

Review of uSR and $-NMR Studies on
Superconductors for Radiofrequency Accelerator
Technology

The performance of superconducting cavities in particle accelerators is limited by magnetic flux behavior in
the near-surface region, where radiofrequency currents flow. Muon spin rotation (uSR) and beta-detected
nuclear magnetic resonance (-NMR) are uniquely suited to investigate this regime, offering access to local
magnetic properties with depth resolution on the nanometer scale. This contribution reviews how these tcch
niques have been applied to study the field of first vortex penetration, ic pinning, b

and magnetic impurities in materials such as niobium, Nb,Sn, MgB., and NbTiN-based heterostructures. Sur-
face pSR enables characterization of bulk flux entry and pinning strength, while low-energy pSR and B-NMR
reveal detailed screening profiles, impurity effects, and interface ph These provide

samples wuhw.rfacesmal mimic thh-perl'ormameSRFcavmes are presented. The samples show contrasting
as the applied field is increased. These unique measurements

lution in their field

provide insight into how the impurities generated from cavity surface treatments affect Meissner screening
in Nb, as well as how this dissipative field penetration evolves with increasing field.

Jsing our results, we comment on the recently proposed type-I superconductivity of pure Nb [6].

aimed at achieving higher 1 di

July 24t, 10:40 AM

Contribution ID: 122 Type: Poster Presentation

Superconducting Properties of Thin Film Nb;_,TiyN
Studied via the NMR of Implanted 8Li

We present a study of the normal-state and superconducting properties of thin-film Nb1—xTixN using depth-
resolved ®Li 3-detected nuclear magnetic resonance (3-NMR). Spin-polarized *Li* ions were implanted ~21
nm into a Nbo.75Tio 2sN(91 nm)/AIN(4 nm)/Nb sample, with their NMR response recorded at temperatures
between 4.6 K to 270 K under a 4.1 T field applied normal to the ﬁ].m surface. The resonance spectra ex-
lnblr erad, linesh at all temp , with additi dening observed below the super-
i T, s 15 K atri to vortex lattice formation. Lineshape broadening
analysis yields the film's magnetic penetration depth A and upper critical field B.s, whose values are in
good agreement with literature estimates. Spin-lattice relaxation (SLR) data reveal Korringa behavior at low
temperatures, with thermally activated dynamics dominated above ~100 K. Below T, a small Hebel-Slichter
coherence pealc s observed, characterized by a 2.60 meV superconducting energy gap and modest Dynes-like
broad i with strong-coupling i ‘These results provide a foundation for future
studies of the Meissner-to-vortex transition in Nbg 75 Tig 25N/AIN/Nb heterostructures, which is relevant for
t ion Nb (SRF) cavities (common components of particle acceler-
ators).

Contribution ID: 97 Type: Poster Presentation

Insight into Low-Temperature Surface Treatments
Used to Prepare Nb SRF Cavities from Low- Energy
pSR

Surface treatments are an integral step in the preparation of superconducting radiofrequency (SRF) cavities
fabricated using Nb, which are often used in particle accelerators. Common treatment approaches invalve
“baking” the metal in vacuum or a gaseous atmosphere at temperatures < 200 °C (see, e.g.. [1]), causing light
chemical doping of its subsurface up to depths of ~100 nm. As this chemical adulteration is spatially inhomo-
geneous, it is expected ta distort the element’s Meissner response; however, quantifying the effect has proved
challenging, with conflicting reports in the literature on the effect’s magnitude [2, 3]. Here, we chronicle re-
cent progress in understanding the phenomenon using low-energy muon spin spectroscopy (jSR) [2-5]. While
the effect is subtle for the famed 48 h/120 °C vacuum annealing “recipe;” we find evidence that the Meissner
profile is deformed at depths < 40 nm, which can be difficult to distinguish from a large non-superconducting
surface “dead layer” Implications for Nb SRF cavities are discussed.

microscopic insight into how surface treatments and material layering influence the stability of the supercon-
ducting state under high parallel magnenc fields. The results help inform material development strategies
and reduced losses in next-generation particle accelerators.
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ISAC Facility

ISAC-I and ISAC-II Facility
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TRINAT L
High Resolution
LEBT Mass Separator

Target Stations 500 MeV

Protons Cyclotron

https://discoverourlab.triumf.ca/tour-our-lab/isac-1/
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