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6 DoF inertial sensor

® Motivation: to decouple troublesome cross-couplings and
improve the sensitivity in low frequencies
(introduced by Shimoda-san in Journal Club, 2018)
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FIG. 1. A 2-d representation of the isolation architecture
(left) and a design concept for the reference mass and sus-
pension (right). Letters indicate interferometric sensing lo-
cations. Inset right: an alternative configuration with equal
moments of inertia in the three principal axes that reduces
Newtonian noise in RX and RY at the expense of size and
complexity.

C. M. Mow-Lowry & D. Martynov,
Class. Quantum Grav., 36, 245006 (2019)
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Current status of 6 DoF sensor

Conclusions - Controllability

e Developed multi-layered control scheme

® Sensor and actuator:
HoQI and BOSEM
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https://granite.phys.s.u-tokyo.ac.jp/oshima/seminar/20221104_Seminar_Oshima.pdf

Progress in 6 DoF sensor

Next Step: Compact 6D

e Imminently starting next stage of 6D project

® Metal — fused silica

e Smaller mass made of fused silica: Compact 6D

o Same sensitivity as metal prototype ® H OQI —> Sm a rACt
o  Designed with LIGO BSC space constraints in mind (introd uced by Takano-san
o Better stability - thermal fluctuations affect angular DoF - suppressed by fused silica in Journal ClI Ub, 2022)

» and Sensor Design

UNIVERSITYOF | GRAVITATIONAL

‘ { BIRMINGHAM WAVE ASTRONOMY

® 1 being manufactured for local UoB IS testing.

e Sensor suite of 6 BOSEMS and 6 SmarAct interferometric sensors

SmarAct

J. Smetana+, Phys. Rev. Applied,
18, 034040 (2022)

EW UNIVERSITYOF | GRAVITATIONAL
y BIRMINGHAM | WAVE ASTRONOMY 7
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TorPeDO

® TorPeDO: Torsion Pendulum Dual Oscillator
® Newtonian noise sensor developed by ANU
® About to suspend bars for third prototype
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Heterodyne phase-locking

10 = (a) Modelled total free running laser frequency nolse
— (b) Modelled total closed-loop suppression
= () Target Sensitivity of the TorPeDO detector
(d) Measured Inlcop Suppression
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— They follow the same frequency
noise as the reference laser
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Her slides

Mode matching sensing with PDH-like method

by Gabriella Chiarini from Univ. of Padova
Detect the beating between the LG10 sideband and LG10 carrier

Simplified setup j with the same RFPD for PDH method
7 4

Transmitted
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Mode matching sensing with RF modulation

® Motivation: to improve freq. dependent squeezing level in Virgo

® Goal of exp.: online sensing for mode mismatch

® Method: detect the beatnote between the LG10 sideband and
LG10 carrier with the same RFPD for PDH method

Electro-optic lens (EOL):
to generate LG10 sidebands (next page)
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o One sideband resonant in the cavity
— break the sideband symmetry
and amplitude modulation is generated
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Electro-optic lens (EOL)

EOL,q

(designed at Univ. of Padova) (designed at Univ. of Florida)
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Results

ow & LG ion:
Lcm(umw,zom)=ch0<%.;))-<—“_-2 >LGICO(WO.ZO) =250 _ 2 g I/Q demodulation:
Wp IR
00
. Q = Io(ymg + pmp)
B+iy
] |
—————— b o Bemeesi I = Io(Bmg — ymg)
- B y : mg, Mg: modulation depth
p— e [: waist size mismatch
— e y: waist position mismatch
w+Q MODE MATCHING
TELESCOPE
Theoretical power mismatch isolines :
0.27
0.24 a
0.21 @ Ii iQ -
= 0.18 i
4 Rotated channels at g and y constant vs MM (8= 0.76m)
S 0.15 .
_‘4_;’_1 1.0 1
o
e 0.12 0.8 1 W
)
< 06 2
4 0.09 = o4 ¥ CHjyconst, m=—12.61+1.12
T_E; ] ¥ CH3yconst, m= — 0.05% 1.65
0.06 g 0.2 4 & CH;p const, m=0.67 +1.28
f‘j 0.0 4 ® CHifconst, m=12.38+1.92
0.03 02 |
; — 0.00 04T P A S .
4.0 35 30 25 2.0 15 1.0 0.5 0.0 0.6 ] v v L Trs——_
Lens2 position cm) ! ! ! ! ! ! !
0.070 D.075 0.080 0.085 0.090 0.095 0.100

® She plans to come to Japan as a postdoc (NAOJ?) next year
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® FElba ant
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