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QL) GSSI & INFN-LNGS (GEMN

Istituto Nazionale di Fisica Nucleare

* Aleading
international
research center
and doctoral
school

* GSSI’'S new lab
facilities

* LNGS -
underground
laboratory

* LNGS surface
labs already
accessible to us
for work

10/09/2024 ETIC - GEMINI 2



S S (INFN Profile (GEMNI

Istituto Nazionale di Fisica Nucleare

Funding: PNRR-ETIC (1040ke LNGS; 404ke GSSI) and PNRR-Vitality - ASTRA (340ke GSSI)

Suspension mechanism of the seismometer’s test mass - nontrivial

Operating seismometers of such sensitivity would require an extremely low level of
seismic disturbances - LNGS is a perfect/unique location to carry out these studies (low-
noise, underground facility)

Test platform for novel inertial sensors (room&cryo temperature)

Test technologies, validate their performance, and ensure they meet the requirements
before deployment on the Moon

Development of vibration control and inter-platform control systems for the Einstein
Telescope

Installation and utilization of an underground environmental monitoring system

10/09/2024 ETIC - GEMINI K



55 QN

Istituto Nazion

— - —
o o o

Ground displacement [m/vHz]

[
o

=
9
0]

I I
[
N
1

=5
o

ale di Fisica Nucleare

GEMINI - LGWA

=
()
1

'_I
S

L,
~. W
~. W
~
~

=== Earth minimum

T360
LGWA (single sensor)
LGWA Soundcheck

Apollo upper limit (vertical, median)

S~

subtrachon / Wiener—

ﬁ Ite ri ng.

<
v~ _
~
-~
~
~ 4

\L

Test high-performance,
cryo-temperature lunar
seismometers for
LGWA

Targeted GEMINI
— platform residual
motion

P LGWA sensor
performance target

Background prediction (Lognonné et al, 2009)
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INFN (GEMINI)

Istituto Nazionale di Fisica Nucleare

-loor treatment

* Laminar-flow enclosures

* Lifting device for platforms
and chamber segments

* Access to cooling water for
cryocooler

* Timing signal from surface

* Low-latency data transfer to
server at the surface

10/09/2024 ETIC - GEMINI 5



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
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G S

INFN GEM-VCP: Stage O (GEMN

Istituto Nazionale di Fisica Nucleare

100Hz HAM-ISI (unconstrained)
60Hz GEM-VCP (under load)

Total Deformation Total Deformation 2
F: Modal

Total Deformation
Type: Total Deformation
Frequency: 4.7055 Hz
Unit: mm

F: Modal

Total Deformation 2

Type: Total Deformation ™
Frequency: 58.954 Hz

Unit: mm J
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9.0607 Max|

N 1000.00 (mm)
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(GEMINI

Stage 1

GEM-VCP
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-~ (INFN Inertial Sensing

~ Vacuum pods

Nanometrics T360 GSN Vault
(3 per platform, 3 channels each)

—O— NLNM
NHNM
Trillium 360 GSN

PSD in dB wrt m%/s*/Hz
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Istituto Nazionale di Fisica Nucleare

COmpact Balanced Readout Interferometer - COBRI

Optical Head ®
fiber collimator

°

°

°
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O. Gerberding,
K.-S. Isleif

Sensors 2021, - Sl e
21(5), 1708 T el -
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(GEMNT

Required for platform alignment and positioning
(precise displacement and motion sensing)
Strong frequency modulation (set of sinusoidal
phase modulations)

Advanced digital readout algorithms to measure
the phase shift induced by motion

Needs to be blended with inertial sensing and
control

. On-axis design with quasi-monolithic

component

Positive:

. no misalignment in vacuum

. Large linear range (several centimeters)
Negative:

. On-axis ghost beams cause nonlinearity

. Dual readout/balanced detection at the front
. Lower readout noise by sqrt(2)
. Enables scattered light reduction in post
processing
. Reduces residual amplitude modulation
noise 0



GEmD

-~ (INFN Cryo-box

Istituto Nazionale di Fisica Nucleare

HILGI78 20K Cryocooler Series
Performance Specifications '~ M= ]

1+t Stage Capacity A5W@20K | 50W@ 20K RDK-500B2 Cold Head
. F-70LP/H Compressor
- , - - Helium Gas Lines — 20 m (66 ft.) E I t 4OK
Cooldown Time to 20 K <50 Minutes | <45 Minutes Cold Head Cable - 20 m (66 ft) muiate
. .8in.)

Dimensions (HxWxD) 570 x 180 x 325 mm Tool Kit envi ronment for |Unar
(22.4x7.1x128in "Lowest temperature and cooldown time are

) PSR payloads
Regulatory Compliance CE, UL/cUL

C: Steady-State Thermal
Temperature

Type: Temperature

Unit: K

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

267,97
23648
s 57,448

141,99 Node 3207 /8 Node 19597
11049
78,003
47,497
16 Min

Thermal link will
not be as shown
in this simulation

73,772 T
Node 3171
206,05 &
Node 17750
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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
s Contr. SPI, out-of-loop
= RMS, out-of-loop
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Koehlenbeck et al (2023)

A few options for inter-platform sensing

ROC = arm length
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G 9" M@\ Environmental Monitoring System (GEMINI)

Istituto Nazionale di Fisica Nucleare
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-~ (INFN Tentative Timeline (GEM{NI)

e (assuming that funds are available when needed)

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,

Installation of inter-platform
interferometer (IPF)

Commissioning of IPF

10/09/2024 ETIC - GEMINI 14



GSI’ INFN

Istituto Nazionale di Fisica Nucleare
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Full presentation
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Profile (GEM{NIY

* Funding: PNRR-ETIC (1040ke LNGS; 404k GSSI) and PNRR-Vitality
- ASTRA (340ke GSSI)

* Development of vibration control and inter-platform control
systems for the Einstein Telescope; LNGS is a perfect/unique
location to carry out these studies

* Test platform for novel inertial sensors (roomé&cryo temperature);

* |nstallation and utilization of an underground environmental
monitoring system

10/09/2024 ETIC - GEMINI 18



%S (NN Scientific Goal 1: ET (GEM{NIY

Istituto Nazionale di Fisica Nucleare

STRAIN NoiseBudget; gps = 1404863019 (2024-07-12 23:43:21 UTC)

* Noise introduced by the
control of length and
alignment degrees of freedom
can limit low-frequency
sensitivity

* Develop an inter-platform
motion control system to
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Istituto Nazionale di Fisica Nucleare

10/09/2024
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GEMINI - ET (GEM{ND)

ETIC - GEMINI

Lock all suspension
platforms into a common
motion across the full
central vertex of an
interferometer

Refer this optically rigid
body to the two input
masses

20



Scientific Goal 2: LGWA (GEM{ND)

i Decihertz gravitational-wave
detection on the Moon
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Istituto Nazionale di Fisica Nucleare

GEMINI - LGWA

— 1g-5 Test high-performance,
T cryo-temperature lunar
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Surface Laboratory (GEMNI

* |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

10/09/2024 ETIC - GEMINI 23



INFN (GEMINI)

Istituto Nazionale di Fisica Nucleare

-loor treatment

* Laminar-flow enclosures

* Lifting device for platforms
and chamber segments

* Access to cooling water for
cryocooler

* Timing signal from surface

* Low-latency data transfer to
server at the surface

10/09/2024 ETIC - GEMINI 24



S S (INFN Vacuum System GEM(NI

Istituto Nazionale di Fisica Nucleare

Initial simulation

Two chambers connected by
vacuum pipe.

! Tunnel entrance dimensions put
s strong limitations on chamber
geometry.

10/09/2024 ETIC - GEMINI 25



GEM-VCP

*GEMINI Vibration-control
Platform

* Starting point of the design:
LIGO HAM-ISI

* Design modifications, vibration
analysis, and executive
drawings produced by LNGS
mechanical engineers

10/09/2024 ETIC - GEMINI 26



G S

INFN GEM-VCP: Stage O (GEMN

Istituto Nazionale di Fisica Nucleare

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

Total Deformation Total Deformation 2
F: Modal

Total Deformation
Type: Total Deformation
Frequency: 4.7055 Hz
Unit: mm

F: Modal

Total Deformation 2

Type: Total Deformation ™
Frequency: 58.954 Hz

Unit: mm J

A
1.6415 Max
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Total Deformation 3 Total Deformation 4
F: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 62,973 Hz
Unit: mm

F: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 62,979 Hz
Unit: mm

9.0607 Max|

N 1000.00 (mm)
1.0559 500.00 b/ 500.00
0 Min i

1000.00 (mm)
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(GEMINI

Stage 1

GEM-VCP
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-~ (INFN Inertial Sensing

~ Vacuum pods

Nanometrics T360 GSN Vault
(3 per platform, 3 channels each)

—O— NLNM
NHNM
Trillium 360 GSN

PSD in dB wrt m%/s*/Hz

107 10°
Frequency (Hz)
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G| S INEN Spring Blades
ol (HHAM-ISI: maraging steel, GEM-VCP: t.b.d.)

75.06°

Istituto Nazionale di Fisica Nucleare

21.64
1.7717 £0.0010 2x @ 0.255 THRU
1.378 ' @ 0.30x82°, BOTH SIDES
\ $0.501 *3-0005 1ypy [$]g0,002[A]B[C|
7x @ 0.547 THRU ALL @ 0. 56 X 82°,FAR SIDE
\/ @ 0.60 x 82°, BOTH SIDES 2x R 0.28
[@]d0,015[A[B][C] \ . e Pin hole
0.72 /N ,
7(} (N[0.01|A|B|C
PesQ
I
33 10 vo 001 2x R 0.38
[r.25] L0 @ 0.787 o THRU
\ @ 8,5x90° BOTH SIDES DETALL &
10.11 [8.599 ; &) [#]d0,002]Al8]c] SCALE 1:2
-1.25 H
0 75.06
[.25
] () _ 0.4409 +0.0030 ENTIRE BLADE,
! o '\A PART TO PART VARIATION:
o 0.002 MAX (PER SET OF THREE)
0.52 B <— MATERIAL GRAIN DIRECTION —» ‘
A
0.125 F
Q
2% 0.59x45" H
R0.2505 0
16.72
0.501 *3-099% ryay . (16.72' )
Pin hole W .
CH 0.03 x 45°, }
FAR SIDE ~0.984 +0.010 R<—>S (3.973)
[©]@0,002]A[B]
< ) I 3 — . . .
' |
2x R0.256 R66.653
NEUTRAL AXIS
c SR
3.94
(24.678)
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10/09/2024

Affordable maraging steel is hard to get
Characterize new materials for the
GEM-VCP spring blades

Executive drawings of mechanical
structure ready

Quotes were obtained for sensors,
data-acquisition and software

Order expected by October 2024

ETIC - GEMINI 31



G SI’ INEN

Istituto Nazionale di Fisica Nucleare

DFMI Infrastructure block diagram v1

e Laser 1/99 splitter Fiber splitter 1/8
Head Amplifier d feedthrough el

polarisation
cleaning

laser power Power monitor
control servo photoreceiver

v

A Sub-D 9 pin
+9V/ 9V / feedthroughs
+19V +19V

bias voltage & PD currents

piezo control Trans-impedance | o,/

Laser :
; current control MicroTCA phasemeter signals==={ SMENeCE DRSS — | o, —
Dr|Ver voltage =

110V/
Ethernet 230V clock input

FC/APC

o —external IFJ»  |COTS parts st geenn

separate fiber from
components electronics

fiber cable device/component

FC/ACP

Gerberding (University of Hamburg)

10/09/2024 ETIC - GEMINI

—Af=0Hz
—Af =10 GHz, f,, = 1kHz

Required for platform
alignment and
positioning

Needs to be blended
with inertial sensing
and control
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G S — °os 0 ° . ° \
| P051t10n Sensing: Optical Head C :>

Istituto Nazionale di Fisica Nucleare

COmpact Balanced Readout Interferometer - COBRI
| N : W *  On-axis design with quasi-monolithic

fiber collimator | . | component

44 L e Positive:
* no misalignment in vacuum
* Large linear range (several

e Sotup A ey Quasi-monolithic comporent——————— s centimeters)
e s e e SRR g Negative:

Ry 4 SRS | *  On-axis ghost beams cause
- Setup B e nonlinearity

Dual readout/balanced detection at

the front

* Lower readout noise by sqrt(2)

* Enables scattered light reduction
in post processing

*  Reduces residual amplitude
modulation noise

O. Gerberding, K.-S.
Isleif Sensors 2021,
21(5), 1708
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G SI’ INFN

Istituto Nazionale di Fisica Nucleare

Phasemeter with FPGAs
running in MicroTCA

* Commercial hardware
(FPGAs, ADCs, DACs)

* Self-made trans-impedance
amplifier electronics (outside
of the vacuum, driving the
ADCs)

* Processing split between
FPGA and CPU

* One crate can host up to 160
COBRIs

Gerberding (University of Hamburg)
10/09/2024 ETIC - GEMINI 34



BFLR Voice-coil Actuators GEM{NI)

Istituto Nazionale di Fisica Nucleare

The best choice of VCA still needs to be determined
BEI Kimco

H2W Technologies

Total Stroke 12.7 mm Total Stroke 24.0 mm
Continuous Stall Force 43.15 N Continuous Stall Force 87.0N
Peak Force 142.34 N Force @ 10% Duty 261 N

Actuator Constant 9.03 NVW Actuator Constant 13.1 N/VW

10/09/2024 ETIC - GEMINI 35



GEmD

-~ (INFN Cryo-box

Istituto Nazionale di Fisica Nucleare

HILGI78 20K Cryocooler Series
Performance Specifications '~ M= ]

1+t Stage Capacity A5W@20K | 50W@ 20K RDK-500B2 Cold Head
. F-70LP/H Compressor
- , - - Helium Gas Lines — 20 m (66 ft.) E I t 40k
Cooldown Time to 20 K <50 Minutes | <45 Minutes Cold Head Cable - 20 m (66 ft) muiate
. .8in.)

Dimensions (HxWxD) 570 x 180 x 325 mm Tool Kit envi ronment for |Unar
(22.4x7.1x128in "Lowest temperature and cooldown time are

) PSR payloads
Regulatory Compliance CE, UL/cUL

C: Steady-State Thermal
Temperature

Type: Temperature

Unit: K

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

267,97
23648
s 57,448

141,99 Node 3207 /8 Node 19597
11049
78,003
47,497
16 Min

Thermal link will
not be as shown
in this simulation

73,772 T
Node 3171
206,05 &
Node 17750

EEEEREEER '
¢
10 30 50 70 90 110130150170 i L 4——1)
Ql’_‘ﬂm}

Temperature [K]
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“RCR Real-time System (GEMINI

Istituto Nazionale di Fisica Nucleare

L —— e LIGO’s CyMAC with minor

R o —— I P modifications

B R * Readout of up to 64

differential channels (24 diff

position channels, 18 diff

e inertial channels,

environmental monitors,
on-table sensors)

* Qutputofupto 16
differential channels (12
coils)

Main components: ADC/DAC, timing, anti-aliasing /
anti-imaging, front-end computer, whitening filters

10/09/2024 ETIC - GEMINI 37



&L Real-time System: Chasses (GEM{ND

Istituto Nazionale di Fisica Nucleare

Analog-output chassis

Front-end computer
X12SPL-F motherboard, Xeon W-3323 CPU

.. Far

12
' "i'ﬁ

= s e = = 1
. T NI
et .

'_J_'“. e L.
e b ._. r
[ wpaxzdy

10/09/2024

Additional electronics:
* Preamplifiers (input)
* Coil-drivers (output)
* MicroTCA (for fibers)
* Cryo system

*  Pump system

ETIC - GEMINI 38



Inter-platform sensing and control to reduce relative
motion between platforms (displacement and angular)

SAS passive
Contr. internal sensors
Contr. SPI
s Contr. SPI, out-of-loop
= RMS, out-of-loop

=
=
)

Displacement ASD (rad/+/Hz)
3
(o

_‘
S
>

10” 10°
Frequency (Hz)

SAS passive

Contr. internal sensors

Contr. SPI

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

- -
S =/
© )

Displacement ASD (m/+/Hz)

-

o
25,
o

107 10°
Frequency (Hz)

Koehlenbeck et al (2023)

A few options for inter-platform sensing

ROC = arm length

e m—————
SN,

10/09/2024
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G 9" M@\ Environmental Monitoring System (GEMINI)

Istituto Nazionale di Fisica Nucleare

N

®

1Hz observations

Network of barometers for 1mHz to //?I

(underground and surface) = |
—3

J/ saLA a ' l:

_______ _?_,l:-_-.... -+ <5 I ~ %

]

X

Seismic [(m/s)/VHz]

AN
- el
] H: S==SS=S==ESSIZSsSS _i-—_L" _______________
H
Frequency [Hz] —
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5 QNN Missing Components

Istituto Nazionale di Fisica Nucleare

10/09/2024

e Electronics (to be ordered in October 2024)
* Vacuum pods (to be ordered in October 2024)
* Cryocooler + equipment for thermometry
(last items to be ordered in September 2024)
* Cryolink and cryobox
(to be ordered in 2024/2025)
* Compact laser-interferometric position sensors
(to be ordered in December 2024)

No funding available yet for (in order of urgency):
* Actuators

* Spring blades + test stand

* Barometer/microphone array

* Inter-platform interferometer

ETIC - GEMINI

GEmD

41



3 <R Required Personnel

Istituto Nazionale di Fisica Nucleare

10/09/2024

Integration and commissioning of actuators and position
sensors (1-yr senior, 1-yr early career)

Test and optimization of control system, creating user
interface (1-yr senior, 3-yr early career)

Characterizing spring blades (0.2-yr senior, 1-yr early
career)

Designing, order, and installing cryolink and cryobox (0.2-
yr senior, 2-yr early career)

Design, order, installing, and commissioning of inter-
platform interferometer (1-yr senior, 3-yr early career)

ETIC - GEMINI

(GEMNT

42



-~ (INFN Tentative Timeline (GEM{NI)

e (assuming that funds are available when needed)

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,

Installation of inter-platform
interferometer (IPF)

Commissioning of IPF
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