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Outlines
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◼Motivation: 

◼Bronze-route Nb3Sn

⚫On small samples

⚫On cavities

◼Laser Treatment

◼Results and discussions



Motivations
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◼ The need for Nb3Sn/Cu cavity: Lhe-free, low cost, compact system 

Force Majeure Declaration on Helium Supply Interruption, Apr. 21st

Supply stopped May 1st

Air Liquide

Linde

Air Products Stilin, 2023



Motivations
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◼ Can we have

[1] RF characterization of 1.3 GHz one-cell Nb/Cu full-seamless cavities manufactured by hydroforming, M Yamankana (KEK)

?

Annealing T ≤ 700℃

[2] L Mei, Z Du, C Guo, & C Li. (2009). Thermodynamic optimization of the cu-sn and cu-nb-sn systems. Journal of Alloys & Compounds, 477(1-2), 104-117

Nb+Sn

Nb+Cu+Sn ✓

Bronze-route Nb3Sn

https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh
https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh
https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh
https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh
https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh
https://journals.aps.org/prab/pdf/10.1103/1jh5-65xh


Motivations

◼ Defects on bronze-route Nb3Sn film
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Residues from electroplating High surface roughness

Thin layer Tin-poor area

Necessitate the treatment of bronze-route Nb3Sn



Motivations

◼ Laser Treatment
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E. Radicioni et al, 1995
XeCl Nb/Cu

Z. Sun et al, ipac2021

lg-LSA laser Nb/Nb3Sn film
Y. Yanget al, SRF2019
Nd:YAG Nb/Cu

A. Medvids et al, TFSRF2018
Nd:YAG Nb/Cu

Sharp edge removal

Adhesion improve



Current progress

◼ Fabrication of 
bronze-route Nb3Sn
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C.L.Wang, T.Teng, Y. He, et al. The impact of laser treatment on the microstructure and properties of bronze 

route Nb3Sn thin films [J]. Applied Surface Science, 2024



Bronze-route Nb3Sn

◼ On small samples
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Elements at.%

O 11.05

Nb 66.52

Sn 22.43

Nb/Sn 2.97

10μm 10μm

Bronze layer Nb3Sn after polishing

Nb3Sn layer composition

R vs T

Tc,onset

Tc,0



Bronze-route Nb3Sn

◼ On cavity
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Temp Control

Heating rod

Anode

Filtration

Power supply

Cavity

A B C

A

C

25μm

10μm

A

C

C

BA

A

C

First run:

A: 2.10 μm

C: 0.35 μm

Too thin on equator



How to make the film on eq. thicker?

◼ Repeat deposition: 
make tin richer
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2 x electroplating

◼ Repeat electroplating on Nb3Sn layer,
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Sample with 10 μm bronze

(single-dep.)

After another10 μm bronze

(multi-dep.)

• Enables more precise control of tin supply
• Reduces thermal stress and cracking
• Improves the stoichiometry and microstructure

 of Nb₃Sn films, thereby enhancing their superconducting performance



Bronze-route Nb3Sn

◼ On cavity
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IMP cavity 2022

This cavity

Pros: higher low field Q0;

higher Tc,onset from QL vs T possible cause:

Cons: worse Q-slope multi-dep.?

clear difference between 4K and 2K exposed Nb or still thin area



Laser Treatment

◼ Laser system setup
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Para. Value

Pulse energy Max. 30 mJ

Pulse width 10-30 ns

Rep. rate 10 kHz

Spot size 1 mm2

Power flux 1 MW/mm2

Raycus fiber laser



Laser heat effect

◼ Very small transverse HAZ

◼ ~0.7 μm deep HAZ
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Energy deposition

◼ @ 30ns pulse width

◼ > 40 mJ/mm2 will cause crack
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      m  pulse

 m  pulse 10m  pulse 15m  pulse

  m   m

  m   m   m

Untreated 12mJ/mm2

28mJ/mm2
40mJ/mm2 60mJ/mm260mJ/mm2

Para. Value

Pulse width 30 ns

Rep. rate 10 kHz

Pulse energy 3 - 15 mJ

Energy flux 12 - 60 mJ/mm2



Improved adhesion
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Adhesion improved by 30%



Reduced Rs

17

Laser treated

Untreated

Sharp edge disappeared, Rs reduced by 17%



Laser treatment on the whole cavity

◼ How to deposit laser energy uniformly throughout the cavity
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Axis θ

Tilt angle α

Focal R

4 adjustable parameters:

θ, R, α, Z

motor

Laser 

mirror

Distance Z

Cavity fixture Laser output

Laser output seat



Laser treatment on the whole cavity

◼ How to deposit laser energy uniformly throughout the cavity

⚫ S1 always the easiest

⚫ Initial scanning met problem on other sections

⚫ The precision of motors and control need fine tune
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Sections

S1 S2 C1 C2 C3

After parameter tuning



Laser treatment on the whole cavity

◼ Final processing effects

⚫ Continuous scan trace

⚫ Fixed overlap rate

⚫ Controllable energy deposition

⚫ Successful removal of carbon
contamination
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Tube S1 Cell C2untreated

Carbon



Conclusion

◼ Bronze-route Nb3Sn thin film: promising approach to compact SRF machine.

◼ Multi-deposition process: no negative behavior on small samples but degrade the 
cavity performance.

◼ Laser treatment: improve adhesion and flatness.

◼ Full-cavity scan: achieve full coverage with tuning of 4 parameters set. Influence on 
cavity performance TBD 
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Thank you for you attention
2026/6/10
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