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Abstract

This thesis investigates the feasibility of using a fully radiative cryostat to cool a suspended

mirror to cryogenic temperatures, as required by the Einstein Telescope Low Frequency (ET-

LF) gravitational wave detector. The study is based on the E-TEST prototype developed at the

Centre Spatial de Liège (CSL).

The first part of the work analyzes the current E-TEST cryostat to assess its performance and

identify its limitations. This includes a vibrational study of a single cryostat fin and a ther-

mal analysis using a simplified lumped-parameter model. The vibrational analysis showed

that the first natural frequencies of the fins exceed 10 Hz, avoiding resonance with typical

environmental disturbances. The validated thermal model confirmed that the mirror can be

cooled to 22 K in less than three weeks.

Based on these results, several improvements were suggested. Low-complexity modifications

included resizing the top baffle tubes and applying emissive paint to increase the emissivity

of the interior surfaces. An alternative assembly process was also introduced to avoid the

temporary disassembly of the inverted pendulum structure.

On the high-complexity side, the radiative heat exchanger (RHX) was completely redesigned

to improve space efficiency and assembly. A circular RHX with vertical rectangular fins ar-

ranged circumferentially was found to be themost promising. Alternative fin geometries were

also explored, showing that black-painted honeycomb fins could potentially reduce themirror

temperature to 20.4 K.

These concepts were then scaled to ET-LF constraints. RHX designs were adapted accordingly,

with shorter fins in front of optical apertures and longer ones elsewhere to balance radiative

area and clearance around the payload for maintenance access. A final thermal analysis con-

firmed that the suggested RHX configuration can achieve the target mirror temperature of

20 K.

This thesis demonstrates the feasibility of a fully radiative cryostat for the Einstein Telescope

and lays the groundwork for future studies in vibration modeling, thermal noise, and me-

chanical design optimization.


