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Thermal Noise Reduction Using Multilayer
Insulation in LIGO Gravitational Wave Detectors

The Laser Interferometer Gravitational-Wave Observatory (LIGO) detects gravitational waves by
measuring minute changes in the lengths of its kilometer-scale interferometer arms with
unprecedented precision. Such extreme sensitivity requires stringent suppression of thermal and
environmental noise sources that can mask or mimic gravitational-wave signals. The multilayer
insulation (MLI) technique plays an important role in thermal management within vacuum and
cryogenic subsystems associated with advanced gravitational-wave detectors. MLI, composed of
multiple alternating layers of low-emissivity reflective films and insulating spacers, significantly
reduces radiative heat transfer in high-vacuum environments. By minimizing temperature
fluctuations and thermal gradients around critical components such as vacuum chambers,
suspension systems, and optical assemblies, MLI helps maintain dimensional stability and reduces
thermally induced mechanical noise. In proposed and next-generation cryogenic upgrades, effective
radiative shielding using MLI becomes even more crucial for preserving mirror quality and limiting
thermal drift. Thus, the implementation of multilayer insulation contributes indirectly but
significantly to enhancing detector sensitivity, operational stability, and the long-term performance
of LIGO and future gravitational-wave observatories.
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