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Meeting photographs
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Contents

I will introduce 3 interesting talk/posters with 2/3 slides for each

⚫ Progress towards a 6 DoF inertial sensor

• Talk by Jiri Smetana from Univ. of Birmingham

⚫ Characterization of heterodyne phase locking 

⚫ for a Newtonian noise sensor

• Poster by Avanish K. Ramamohan

• from Australian National Univ.

⚫ Mode matching sensing 

⚫ through RF Higher Order Modulation method

• Poster by Gabriella Chiarini from Univ. of Padova

His slides

Her poster

His poster

https://agenda.infn.it/event/32907/contributions/200470/attachments/105494/148319/J%20Smetana%20GWADW%202023.pdf
https://agenda.infn.it/event/32907/contributions/200854/attachments/105798/148800/gwadw_poster.pdf
https://agenda.infn.it/event/32907/contributions/201005/attachments/105489/148309/Poster_GWADW_TorPeDO_PLL.pdf
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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)

C. M. Mow-Lowry & D. Martynov,

Class. Quantum Grav., 36, 245006 (2019)

https://iopscience.iop.org/article/10.1088/1361-6382/ab4e01/meta?casa_token=EyCrzI6MN-kAAAAA:osdweHC1j48AJcUIpZ30z4oKAHvqhlyFMaK2hDu0T6_Aojtz5m-QgBFSGEtuKE0kGQTO6JQb9AM
https://iopscience.iop.org/article/10.1088/1361-6382/ab4e01/meta?casa_token=EyCrzI6MN-kAAAAA:osdweHC1j48AJcUIpZ30z4oKAHvqhlyFMaK2hDu0T6_Aojtz5m-QgBFSGEtuKE0kGQTO6JQb9AM
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Current status of 6 DoF sensor

⚫ Sensor and actuator: 
HoQI and BOSEM

My seminar slides on Nov. 4, 2022

https://granite.phys.s.u-tokyo.ac.jp/oshima/seminar/20221104_Seminar_Oshima.pdf
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Progress in 6 DoF sensor 

⚫ Metal → fused silica
⚫ HoQI → SmarAct
⚫ (introduced by Takano-san

in Journal Club, 2022)

J. Smetana+, Phys. Rev. Applied, 

18, 034040 (2022)

https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.18.034040
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TorPeDO
⚫ TorPeDO: Torsion Pendulum Dual Oscillator
⚫ Newtonian noise sensor developed by ANU
⚫ About to suspend bars for third prototype

60 cm

Aluminum bars are 
reused from the second 
(perhaps first) prototype
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Heterodyne phase-locking

⚫ Four readout lasers are phase-locked
⚫ → They follow the same frequency
⚫ → noise as the reference laser
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Mode matching sensing with PDH-like method

by Gabriella Chiarini from Univ. of Padova

Her slides

EOL (electro-optic lens):
generating LG10 sidebands 

mB, mG: modulation depth
β: waist size mismatch
γ: waist position mismatch

Simplified setup

Break sideband symmetry
(= amplitude + phase modulation)

Detect the beating between the LG10 sideband and LG10 carrier 
with the same RFPD for PDH method 

Detailed setup

Gabriella and I met in Padova last year
and we remembered each other

She told me about her experiment in detail,
so I introduced again

https://agenda.infn.it/event/30681/contributions/170398/
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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 

Laser freq.

HG00
FSR

LG10
carrier LG10

ω+ΩLG10
ω-Ω

Ω = 2×fHOM

Electro-optic lens (EOL):
to generate LG10 sidebands (next page) 

One sideband resonant in the cavity
→ break the sideband symmetry

and amplitude modulation is generated
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Electro-optic lens (EOL)
EOLpd

(designed at Univ. of Padova)
EOLfl

(designed at Univ. of Florida)

High voltage

cf.) nominal EOM

Lithium niobate crystal 
(5 x 8 x 10 mm3)

Electrodes

f ~ 103 cm 
with 0-400 V

f ~ ±106 cm 
with 0-400 V

They decided to 
use EOLfl due to its 
stronger effect
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Results

mB, mG: modulation depth
β: waist size mismatch
γ: waist position mismatch

⚫ She plans to come to Japan as a postdoc (NAOJ?) next year
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Summary & my impressions
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⚫ GWADW is the most interesting conference because all 
participants and talks are related to GW experiments

⚫ I was excited to meet many researchers of the papers I have 
been reading

⚫ Elba and Hotel Hermitage is a nice place !!
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