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Removed from 
cond. cooling 
setup for second 
coating attempt
Substantial 
performance 
improvement

New Coating of Conduction Cooling Cavity
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Suspected cause for Q-slope degradation was thin regions
Added extra SnCl2 nucleation agent relative to previous 
coating to attempt to improve uniformity



Proposed mechanism: interfacial energy 
dominates when layer is very thin during 
early growth – encourages epitaxy if 
time duration is too long
Possibly explanation for previous 
results, including degradation observed 
at Wuppertal but not Cornell – if the tin 
flux was too low at Wuppertal (e.g. they 
discuss 10s of hours long coatings)

Thin Regions Occur When Tin Flux is Low
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Fermilab conduction-cooled SRF cavity measurement setup



Results from 2019: Eacc vs. Q0 for Nb3Sn coated single cell 650 MHz SRF cavity



June 2021: the cavity attained ~10 MV/m cw @ Q0 ≈2e10 with conduction cooling



Led by Euclid, with FNAL and BNL partners, funded by 
DOE BES SBIR program
Ultra-compact & -efficient ultrafast electron diffraction
Cavity BCP’d at Argonne, now being prepared at Fermilab 
for vertical test in next weeks, then Nb3Sn coating + test

Conduction Cooled Nb3Sn Application Effort: UED
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First coatings of 1.3 GHz 9-cell (S. Posen et 
al., Fermilab) and 1.5 GHz 5-cell (G. 
Eremeev et al., JLab) cavities
Achieving 5-10 MV/m in vertical test –
useful accelerating fields!
Exciting progress in cavity structures typical 
for accelerator applications

From SRF 2019 and Before
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Progress in 9-cell Nb3Sn Cavities at Fermilab

Improved maximum gradient 
with high Q0 out beyond 15 
MV/m
Not every coating is 15 MV/m, 
but even lowest performing 
coatings so far reach ~6 MV/m 
with high Q0

Already interesting for lower 
energy applications, working on 
reproducibility
Now working towards 
horizontal test of 9-cell cavity



Push towards Nb3Sn cryomodule 
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Nb3Sn SRF for Quantum (part of SQMS Quantum Center)
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Haloscope: dark matter axion conversion to microwave photon in magnetic field
Cavity frequency must match axion mass to be sensitive to it
Sensitivity improves with higher magnetic field, higher cavity Q0
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Current State of the Art Axion Searches
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Operating haloscopes like ADMX use normal 
conducting cavities (typically copper)
They have reached desired exclusion limit for a small 
range of masses, but a very wide mass range remains
Scan rate scales as dν/dt B4V2Q/2Tsys

B (magnetic field), V (cavity volume), Q (cavity quality 
factor), Tsys (system noise temperature)

Q improvement is promising path to improving rate of 
scanning substantially
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Evaluation of Nb3Sn for Haloscopes
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First evaluation of Nb3Sn SRF cavity 
in vortex state – test on 3.9 GHz 
cavity coated as part of accelerator 
R&D
Use existing test stand typically 
used to evaluate magnet wires at 
multi-telsa fields
In parallel, fabricated cavity with 
improved geometry for operating in 
magnetic fields
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Data from initial experiments with 3.9 GHz 
elliptical cavity matches model well
New cavity shape directs current parallel to applied 
field to reduce JxB term, model predicts Q0
improvement to ~106-107 range
Cavity machined, to be coated with Nb3Sn next –
also fabrciated NbTi and Al cavities!

SRF Cavity in Multi-Tesla B-fields for Axion Searches
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Cavity with Optimized Geometry
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Smoother!

Lower resistance!!
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For much more detail on the current state of the art in Nb3Sn research, please see 
proceedings from the recent International Nb3SnSRF’20 Workshop
39 talks from all around the world in Fundamental Studies, Growth Studies, 
Performance, and Applications
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A lot of exciting work happening right now with 
Nb3Sn SRF:

Improved understanding of materials science of 
Nb3Sn
Continuing push to improve performance
Exploring new accelerator applications
Exploring new non-accelerator applications
New cavity coating facilities around the world

Summary
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