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Reaching the limit of bulk Nb - Engineer the near surface
with layer(s)

SS bi-layer |

wn

Extensive
experimental
& theoretical

works
A thin coating of ‘dirty’ or higher A SC _ _
Decouples S/S layer with Insulating layer
+ ‘cleaner’ SC bulk (A, > A,):
Theory: Interface barrier ' |, proximity effect Theory: Prevent vortex avalanches
Exp: 120°C baked -, Nb3Sn/Nb, N-infused/doped Exp: NbN/MgO/Nb tri-layer

Exp. Optimization & Theories Validation

Direct measure of field profile &
London penetration depth
Implanted muon (bulk probe) or radioactive NMR probe
(surface/interface probe)
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2 TRIUMF muSR Technique

@ Implant high-energy muons into SRF samples Muon spin precesses in By,
Muon decays & emits

positron || spin

Electronic clock

el Bulk probe
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@ Measure signals with increasing field

Fraction of bulk volume in the
field free (Meissner) state

Effectiveness of coating
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muSR Studies: Coated Nb g/
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Number of muons a.U

Bi-layer: Nb;Sn and MgB, [50-2000 nm] on Nb, 120°C baked Nb

Muons implanted 130um in the bulk of ellipsoid samples
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muSR Studies: Coated Nb g/
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COLUMBIA

Bi-layer: Nb;Sn and MgB, [50-2000 nm] on Nb, 120°C baked Nb

Muons implanted 130um in the bulk of ellipsoid samples

g8 v
N S
S L ——f—
S\ =
=}
3 * Nbannealed at 1400°C - H,,=H
e 120°C baking increases H,above H_,
|'l_ * Higher A coating on niobium enhance H, ~ 40% - field
c € consistent with H,;.
o =
£
& < * No clear trend with coating thickness
Q O
ES * SS boundary provides effective shielding > H,,
(Nb), while the superconductor-vacuum (SV)
boundary does not
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beta-NMR Technique
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beta-NMR Probe

LE-musR: 120°C bake study with LE-muSR @ PSI
limited to 30 mT (low-field)

—m— EP 120 um + BCP 10 um finish
—e—EP 120 um

—A—EP 120 um + 120C bake

—v— Nitrogen treatment

Implanted low energy
radioactive Li-8 beam

Field | | sample: currently 24 mT

Initial ‘
wlarizalion\
+
8Li

X
direction z vy

Comparison with LE-muSR

Low-energy - Surface & interface sensitive nm-scale

Heavier ions (vs muons) = Larger magnetic rigidity
at high-field

HV deceleration [existing] - Depth resolved studies

T T T T
20 40 60 80
Average depth (nm)

Li Implantation Profile

Akl Li
BleV Li
BkeV Li
10keV Li
12keV Li
lakeW Li
15keV Li
lekeV Li

50 100 150

200 nm
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& TRIUMF beta-NMR Upgrade o

Scope of Upgrade:

* Beam steering at higher field up to 200 mT

* Phase |: upgrade of beam optics for existing beamline

* Phase Il: all equipment received in hand & ongoing installation
* Scheduled for completion April 2020.

* Will allow depth resolved studies of local magnetism at field up to 200mT parallel to the sample
surface

Current spectrometer New high field magnet

(up to 24 mT) Extended beamline + 1m

>

L| |J " S

New & modified optics
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2 TRIUMF beta-NMR Results

Bulk Field Penetration in Nb-Baseline
Y 0.8

&Tane e 1400C ) )
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E -"l-...‘.. [ ] 1400+75/120C
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bNMR Technique Development w/ Existing Low-field
* Depth-resolved field penetration for three Nb samples:

Baseline (1400°C annealed), Baseline + 120°C baked, Baseline + 75/120°C
baked

* Consistent with 120°C LE-muSR bi-layer
* Indication of different bi-layer behavior: 120°C vs 75°C pre-baked -

measurements at deeper implantation
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Summary

Extensive experimental and theoretical studies: multilayers enhance flux
shielding

Optimization and theoretical validation: local measurement of field inside
sample, muSR

More advanced capabilities: depth-resolved (LE-muSR, low-field) and
higher field (upgraded beta-NMR, 200 mT)

Initial result: low-field beta-NMR = consistent with LE-muSR

Upcoming Experiments: beta-NMR technique for SRF

More beam time in 2020
N-infused ellipsoids (Fermilab)

Higher fields spectrometer: layer-by-layer field profile & flux entry
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& TRIUMF Latest update Ll v B
Assembled Coil & Support Frame:
* Coil with field up to 200 mT + frame for structural support &
safeguard
Stay tuned!
o) llor .
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)
=
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musSR Signal
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e Results are strongly geometry
dependent (geometrical pinning)
* Coins, cavity cut-outs and ellipsoids
have been used in four different
cases
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Beta-NMR Low Field Beamline

Zero/Low Field
F-NMR/NQR High Field
Spectrometer B-NMR
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Beta-NMR Low Field Signal
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Beta-NMR Experiments

10x4 mm
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Beta-NMR Layout
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