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Enhancement of superheating field in low-temp. baked niobium
1035 calculated via stability of G-L equations
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Experiment overview

Low-temperature baking has a long history of Baking eliminates
use in superconducting radio frequency cavities ) Q-slope \'\ |
[1]. 10 T

Q-slope onset

Used to eliminate high field Q-slope [1].

Recipes vary! 48hrs/120C is often used, but

= TEI1-05, EP | |
3hrs/120C also works [2]. o TE1-05, EP + 120 °C/3h | |
e TEI1-06, EP | |
o TEI1-06, EP + 120 °C/3h | |
Cavity : :
efficiency 10° T . . T — —
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Why do different recipes work?
E,.. (MV/m)

Accelerating
gradient >

(1) G. Ciovati, “Effect of low-temperature baking on the radio-frequency properties of niobium superconducting cavities for particle accelerators,” doi: 10.1063/1.1767295
(2) B. D. Khanal and P. Dhakal, “Insight to the Duration of 120 °C Baking on the Performance of SRF Niobium Cavities,” doi: 10.1109/TASC.2023.3235311. 2



Experiment overview

Low-temperature baking dissolves near-surface
oxygen.

Oxygen concentration inhomogeneous near
surface -> Difficult to predict behaviour.

Competing theories as to why this improves
performance:

1. Enhanced surface barrier?

2. Reduction in supercurrent density?

3. Reduces Hydride formation?

Oxygen content (at. %)
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Experiment overview

Low-temperature baking dissolves near-surface
oxygen.

Oxygen concentration inhomogeneous near
surface -> Difficult to predict behaviour.

Competing theories as to why this improves
performance:

1. Enhanced surface barrier?

2. Reduction in supercurrent d‘(}s

3. Reduces Hydride formation?

This study
investigates the
surface barrier
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Experiment overview LLF of Victoria

The aim of this research is to answer the question:

Is it possible to measure an enhanced surface barrier
in low-temperature baked niobium?




University

Experiment overview LLF of Victoria

To answer this question, we will:

TN TN

Predict enhancement of bake niobium sample in Measure Qnset of field Comparg measureq field
the surface barrier vs penetration at each penetration to predicted
o steps (~3-48hrs) .
baking time baking step enhancement
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Predicting performance in inhomogeneous materials

Magnetic field vs depth

—— 6hr/120C baked

To predict performance of baked Niobium, one must: \ e

1. Solve the inhomogeneous Ginzburg-Landau
(G-L) equations.
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f Material parameters vs depth
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Material parameters A(x), {(x) depend on gradient of oxygen content, 45
With dependence given by: \
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Predicting performance in inhomogeneous materials

To predict performance of baked Niobium, one must:
2.

Determine the stability of these G-L solutions

_lgl_ of Victoria
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Superheating field of Nb vs K
4 K >> 1
204 A H 0.545
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. . . \ A 1+ 4.012 k + 1.000 &
previous conference submission £ 16 %
(SRF 2025, = \
10.18429/JACoW-SRF2025-TUP15) 14l \
*:l:?&
1.2 7/ \\}:::\~~\‘
Numerical stability of 1D G-L solver _— B 2 o . .
approximates superconductor stability | e
quite well (for K~1) - - - - -




University
LLF of Victoria

Predicting performance in inhomogeneous materials

Using simulated oxygen profiles -> predict stability

enhancement Enhancement of superheating field in low-temp. baked niobium
calculated via stability of G-L equations
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Niobium sample preparation: Surface processing

Difficult to measure small % changes in
field penetration. We must:

- Electropolish (EP) sample to a high
degree.

- Heat treat sample (1400C/3hr) to
reduce bulk pinning.

- Design highly repeatable
measurement system.

Sample treatment:
100umBCP + 1400C/3hr + 10umBCP + 11um EP
(Treatments courtesy of Philipp Kolb, James Keir, TRIUMF)
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Niobium sample preparation: low-temp. baking CLF of Victoria
After processing, niobium sample was placed in foil bag, and
baked in a vacuum furnace (designed as part of PhD work) at
120C.

Niobium
ellipsoid
120C hot
plate
Witness
samples

Vacuum furnace
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Magnetization measurements and onset of field penetration

Magnetization of baked niobium samples measured in vibrating
sample magnetometer (designed as part of PhD work) at the
University of Victoria.

Scaled lock-in response vs applied magnetic field (mT)
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Magnetization measurements and onset of field penetration of Victoria
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Magnetization measurements and onset of field penetration

Onset of field penetration fit to Hfp(T)~Hfp(0)*(1-(T/Tc)*2)
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Adjusted for Field Enhancement (N =0.13)
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Comparison to predicted onset of field penetration

Enhancement of superheating field in low-temp. baked niobium
calculated via stability of G-L equations
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Comparison to predicted onset of field penetration BN ofVictori)a’

Returning to our original question:

Is it possible to measure an enhanced surface barrier
in low-temperature baked niobium?

These measurements point to -> Yes!
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Concluding remarks

What else can we infer from these results?

Enhancement of superheating field in low-temp. baked niobium
calculated via stability of G-L equations

It is possible to measure surface barrier effects in 1.035 — —
. =@= lpuik = 30NM, Kpuix = 2.

DC magnetometry experiments! Opens up 1.030 | —@- Iy = 1000, Ky = 1.44
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Lower bulk kappa + low temp. bake -> larger surface
barrier. Very clean baked niobium may perform better?
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Concluding remarks LLF of Victoria

Thank you for listening!
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