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Scientific Focus:
* Development of vibration isolation and inter-platform control systems to support auxiliary DOF stabilization in ET
* Operation and validation of ultra-sensitive inertial sensors in a low-noise underground environment (LNGS)
* Platform for room-temperature and cryogenic testing of next-generation seismometers
* Deployment of a comprehensive underground environmental monitoring system
* Two operation modes:
* ET Mode: Demonstrate control architecture for ET-LF auxiliary systems

* LGWA Mode: Emulate lunar seismic and thermal environment for Moon-bound technologies
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STRAIN NoiseBudget; gps = 1404863019 (2024-07-12 23:43:21 UTC)

Measured raw; BNS 44Mpc, BBH 5.1e+02Mpc
04 low goal, BNS 115 Mpc, VIR-0619A-19
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* This enables stable control of auxiliary
cavities

* Enable ET-LF science case

* Refer this optically rigid body to the
two input masses
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* |ntegration of sensors and
actuators on stage-0 and
stage-1 platforms

* |nstallation and test of real-
time system

* Test of control system

* Test stand for spring-blade
material characterization

* Assembly and testing in clean
environment
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SERQM Underground Laboratory (GEmi
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* Floor treatment

* Laminar-flow enclosures

* Lifting device for
platforms and chamber
segments

* Timing signal from
surface

* Data transfer to server at
the surface

* Preparation of the
GEMINI hut: it will
contain the control room
and a room with clean
environment to prepare
installations into the

GEMINI vacuum system
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Two chambers connected by vacuum pipe.
Tunnel entrance dimensions put strong limitations on chamber geometry.
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GEM-VCP

*GEMINI Vibration-control
Platform

* Starting point of the design:
LIGO HAM-ISI - structural
adjustments tailored for
GEMINI's specific
requirements.

* Design modifications, vibration
analysis, and executive
drawings produced by LNGS
N ERIEIRE R EE S

05/27/2025 ETIC - GEMINI 8



G S

INFN GEM-VCP: Stage O (GEMN

Istituto Nazionale di Fisica Nucleare

100Hz HAM-ISI (unconstrained)
70Hz GEM-VCP (under load)
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(GEMINI

Stage 1

GEM-VCP
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Vacuum pods

Nanometrics T360 GSN Vault

Integration in GEM-VCP
(3 per platform, 3 channels each) Y

—O— NLNM
NHNM
Trillium 360 GSN

PSD in dB wrt m%/s*/Hz
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o 5 ((INFN Sprmg Blades
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COmpact Balanced Readout Interferometer - COBRI

Optical Head . .
fber oillimetor | (VIS | . Required for platform alignment and

positioning

* Utilized together with inertial sensing

,,,,,,,,,,,,,,,,,,,,,,,,,,

*  On-axis design with quasi-monolithic
component
Positive:
*  no misalignment in vacuum
e Large linear range (several

O. Gerberding, centimeters)

K.-S. Isleif Negative:

Sensors 2021, *  On-axis ghost beams cause
21(5), 1708 nonlinearity
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-~ (INFN Cryo-box (GEMINI)

HILGI78 20K Cryocooler Series

Performance Specifications

1+t Stage Capacity A5W@20K | 50W@ 20K RDK-500B2 Cold Head - A
Coold - = 20K’ =0 M 25 M Helium Gas Lines — 20 m (66 ft.) EmU|ate 4OK enVII’Oﬂment
Cold Head Cable — 20 m (66 ft.) for Iunar PSR 3 Ioads
Weight | 250kg(5511bs) Power Cable - 5 m (16.5 t) pay
. .8in.)

Dimensions (HxWxD) 570 x 180 x 325 mm Tool Kit
(224x7.1x12.8in "Lowest temperature and cooldown time are

8,760 Hours forreferenceonly.
Regulatory Compliance CE, UL/cUL

S Thermal link design:

Type: Temperature
Unit: K

RDK-500B Cold Head Capacity Map (50/60 Hz) oo INimizi
With F-70 Compressor and 20 m (66 ft.) Helium Gas Lines 299,47 Max M I n I m IZI ng the Iength

267,97

o . - of the flexible braided

copper section is
= essential

10 30 50 70 90 110130150170
Temperature [K]
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Inter-platform sensing and control to reduce relative

motion between platforms (displacement and angular)

SAS passive

Contr. internal sensors
Contr. SPI

Contr. SPI, out-of-loop
RMS, out-of-loop

-
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107" 10°
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Frequency (Hz)

Harms et al (2013)

WNJN] Suspension-platform Interferometer (SPI) C :>

SPI optical assembly

SAS passive

Contr. internal sensors
Contr. SPI

Contr. SPI, out-of-loop
RMS, out-of-loop

107 10° ' £
Frequency (Hz) e | : ‘ —ali ‘]‘ e
Koehlenbeck et al (2023) Koehlenbeck et al (2023)

Optical Rigid Body concept using a network of interferometric cavities between
stage-0 and stage-1 of both suspended platforms

Multi-cavity topology allows us to measure and suppress all 6 differential DOFs
enforcing quasi-rigid motion across platforms
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Simulations

SEISMIC
NOISE
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Controller Actuators
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relative sensing
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controller SENSING
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SENSING
NOISE

Inter-platform
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Simulations
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X DOF Residual Motion
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a) Electronics displacement noise b) Leader platform residual motion
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Simulations
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X DOF Residual Motion
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c) Required tilt-meter sensitivity d) Follower platform residual motion
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Simulations
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GEMINI: The World’s First Underground Facility
for Interplatform Control and Seismic Isolation in
Gravitational-Wave Detection

Abstract

GEMINI is an underground research and development facility ded-
icated to advancing seismic isolation and control technologies for fu-
ture gravitational-wave observatories, including the Einstein Telescope
(ET) and the Lunar Gravitational-Wave Antenna (LGWA). This pa-
per presents the technical design and theoretical framework of GEM-
INTI’s active seismic isolation platforms, including detailed noise budget
analyses, performance predictions, and residual platform motion evalu-
ations. The GEMINI platforms are designed to achieve unprecedented
vibration isolation, targeting residual motion levels across the 1 mHz
to 10 Hz frequency band, making them the quietest platforms of their
kind. In the context of ET, GEMINI will enable the development and
validation of inter-platform control strategies essential for the stabi-
lization of auxiliary degrees of freedom in the interferometer’s central
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G 9" M@\ Environmental Monitoring System (GEMINI)
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Site preparation

Installation of sensors and actuators
on mechanical platforms (surface)

Testing of real-time system (surface)

Installation of vacuum system
Installation of electronics rack

Installation of platforms into vacuum
system

Commissioning of active seismic
isolation system

Installation of environmental
monitoring system

Installation of cryocooler, thermal
link, cryobox

Installation of inter-platform
interferometer (IPF)

Commissioning of IPF

ETIC - GEMINI
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