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M Background

KAGRA is a large-scale gravitational-wave observatory built in Japan, operating in collaboration with LIGO in the
United States and Virgo in Europe. A key feature of KAGRA is its cryogenic operation, in which the mirrors are
cooled to about 20 K. This requires the suspension system to provide both high thermal conductivity and mechanical
stability.

The sapphire fibers that support the mirrors may exhibit mechanical loss at their joint interfaces, potentially
contributing to thermal noise in the suspension system. To mitigate this, alternative joining methods that do not rely
on adhesives or metallic bonding are being explored. One promising approach is laser welding, which enables direct
bonding of sapphire without any adhesive material. The research team at the University of Glasgow has been
advancing this technique toward practical use. The goal of this study was to perform hands-on experiments with
KAGRA-specification fibers and evaluate the welding process and apparatus.

M Activities Conducted

KAGRA-grade sapphire fibers were brought to the University of Glasgow, where collaborative experiments were
conducted using a CO: laser welding system. Together with local researchers, the following activities were carried
out:

- Laser welding of sapphire fibers
- Laser polishing of the welded regions

- Basic inspection and confirmation of the fabricated samples

M Experimental Work Scene

A photograph at the end of this document shows an actual scene of sapphire fiber laser welding conducted at the
University of Glasgow.

B Future Work

The welded samples have been brought back to Japan, where they will undergo:
- Mechanical property evaluation (including Q-factor)
- Thermal characterization
- Tensile strength testing

These studies will be used to assess the feasibility of applying this welding technology to the KAGRA suspension
system

FER O FZHRIL Laser welding experiment in progress



