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2 TRIUMF Motivations

4 Surface Treatment: A

SRF Performance
e Heat Treatment - Q, vs E
s Impurity doping R(T, w alflc)

" Thin film overlayer y

4 )

Microscopic Mechanism ?
Impurity dependent:
Supercond. Density of States (R)
High-field response (Q-slope)

Vortex penetration (E,_.) y

New Tool to study:

e Local field -> small beam-spot

e Depth profile -> nm resolution

e High-parallel-field

» simulate fields in SRF cavities,

» study intrinsic non-linear high-field response
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Implants radioactive spin-polarized ions (8Li*) into samples:
* Depth-resolved [~5-300 nm] by HV deceleration

* Interacts with the surrounding local magnetic field

* Monitor spin polarization time-evolution via asymmetric

beta-decay

Complementary technique to LE-uSR (muon spin resonance).

Ten orders of magnitude more sensitive than conventional
NMR.
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Objective:

* Upgrade the low-field spectrometer to high-parallel-field (~200 mT)

* No such facility available for high-parallel-field studies (LE-muSR, low-field limited)
* Higher magnetic rigidity than muons -> easier beam steering & focusing

Upgrade Status:
e Ready for current beamline
disassembly

e All major vacuum
components assembled &
tested off-line

 Commissioning before the
next bNMR beamtime in ' j‘
Spring 2021
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Previous studies of SRF samples with muons:
* Field of first vortex penetration and pinning strength for different treatments
* Bulk probe (not depth-resolved) — Implantation depth about 150pum

Current studies:
* Depth-resolved (HV deceleration)
up to 24 mT (4-300 K)
e Can probe vortex penetration on the
nanometer scale
* Longer time scale enables complementary

UHV
Coldfinger

information (depth resolved DOS) SNRt:E cryostat
Samples
» RF Coil
10x4 mm?
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Difference with uSR:
* Probe radioactive nuclei: commonly use Li-8
» Sensitive to longer time scale due to longer lifetime (compared to muons)
= |ndirect probe of the local field (field dependence)
= probe relaxation phenomena due to electrons / quasiparticles

(temperature dependence)

B-NMR

USR:
internal field: relaxation & resonance (high-field)

internal field -> precession
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Nb Baseline Superconducting Field Scan Mormalized Average Field Profile
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Objective of low-field measurements: Lessons learned:
* Gain experience with bNMR facility e Sensitive to changes in screening by low
operation & measurements temperature baking
technique -> three successful beam- e Absolute comparison of field profile for

time

* Methods & analysis for Nb h
developed for high-field
experiments

different samples is difficult at low-field
as been (large error bar, low-statistics)
* (Can be better distinguished at higher
field and at H->H,
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Nb Baseline Superconducting Field Scan

Mormalized Average Field Profile

221
201
18 A1
16 -
14 A
12 1
10 1

1/T; (fast) [s71]

ll-‘fl llﬁ 1
Applied Field

10 12

High-field
Objective of low-fie
* @Gain experience
operation & measurements
technique -> three successful
time

developed for high-field
experiments

Methods & analysis for Nb has been
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Methods & analysis have been T |

developed in preparation for high-field "
experiments p . -
x} [nm]

is crucial for better resolution

of different samples
ges in screening by low

emperature baking

Absolute comparison of field profile for
different samples is difficult at low-field
(large error bar, low-statistics)

Can be better distinguished at higher
field and at H->H,,

beam-

Jan. 19%, 2021

First Results from beta-NMR for SRF Samples



« TRIUMF

o= =s [UNIVERSITY OF

Temperature Dependence (i

C THE

COLUMBIA

University

F of Victoria

MNb Baseline Superconducting T-scans

1
5. +i ¥ | Myer = 0.09
- B ;
W, + ++ R,= 35315 +12%
Y 87 ! NksTe= 1757
© | Ro= 46457 + 3%
c ! ¢
o 7 ! + exp fit
)
5 | N
% N E +%
o | S
1
51 —
I| T T T T
1/8.5 1/7 1/6 1/5 1/4
LT [K™1]

Relaxation rate [s1]

Nb 120 Superconducting T-scans

25.07 + i ¥ 1 Ny =1.14
22.5 + i
' + i R,=58.7351+13%
20.0 1 i
4 NksT.= 1757
17.5 H R;= 59351 + 5%
[]
[]
15.0 1 '@ exp fit
12.5 - i
1
10.0 - ' .
1 e
7.5 : P —————
1
1/15 1/11 1/85 1/7 1/6 1/5 1/4

YT [K71]

Longer timescale: probe °3Nb (nuclei spins) interaction w/ supercond. excitations
* Very sensitive to the changes in the DOS due to superconducting transition

* Low-T limit ~ exp(-A/kgT) -> study superconducting gap
* Residual (T-indep.) relaxation -> possible (para)magnetic impurities

Further studies

* Lower temperatures (T<T/2) -> commissioning of He-3 cryostat (down to 300 mK)
 Combined with depth-resolve -> depth-resolved DOS
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depth-resolved DOS
d. excitations

aucting transition

Longer timescale: pr
* \Very sensitive to the
* Low-T limit ~ exp(-A/k T) -> study superconducting gap

* Residual (T-indep.) relaxation -> possible (para)magnetic impurities

Further studies
* Lower temperatures (T<T/2) -> commissioning of He-3 cryostat (down to 300 mK)
 Combined with depth-resolve -> depth-resolved DOS
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Summary

* bNMR is a technique complementary to uSR

» Strength of bNMR over uSR in studying superconducting electrons
excitation

* High-field bNMR upgrade is nearing completion

* Methods developed for SRF samples field profile measurements with
existing low field spectrometer

Outlook

* Better resolution can be achieved at higher fields (close to H,,)
* More interesting studies ahead:
» Depth resolved field of first vortex penetration

» Depth-resolved superconducting DOS
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