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Simulation on Temperature Field of Laser-annealed Copper-based
Niobium Thin Film by Finite Element Analysis Method

WANG Changlinl’z, TAN Tengl, XIONG Pingranl, LUO Didi', ZHU Tongtongl’z, CHU Qingwei”

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Copper-based niobium thin film cavity is one kind of superconducting radio frequency(SRF) cavities developed
from bulk niobium cavity. This new type of cavity has similar SRF properties to the pure niobium cavities but is more eco-
nomical, mechanically stable, and thermally stable, making it promising for industrial SRF applications. However, the inevit-
able surface defects of niobium film on the surface of Nb/Cu cavities induce extra power dissipation, and require post-treat-
ment before cavity operation. Near-surface annealing of SRF cavity by nanosecond high-intensity pulsed laser is an emerging
surface treatment technology for SRF cavity. Using high power and short pulsed laser with peak power flux exceeding
100 MW/cm? to locally recrystallize the surface can reduce the surface roughness, increase the grain size and eliminates some
surface defects, so as to obtain better surface RF properties. At present, the type of laser selected in this direction is mainly the
solid-state laser with high peak power, which has a very low average power, not practical for the actual superconducting cav-
ity with an m? inner wall surface area. To solve this issue, a whole-cavity laser processing system based on a kW-level power
nanosecond pulse fiber laser has been established by the Surface Treatment Research Team of the Institute of Modern Physics.
In this study, finite element simulation was conducted with the parameters of the system to investigate the temperature distri-
bution on the surface and inside the material under near-actual working conditions. Combined with the material properties, the
laser surface treatment effect of pure niobium material was simulated. This study preliminarily confirms the feasibility of us-
ing nanosecond pulse laser for complete annealing of the inner wall of superconducting cavities, and provides an effective
method for achieving better RF superconducting performance.

Key words: copper-based niobium thin film; laser annealing; RF superconductivity; finite element analysis; fiber laser
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