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LIGO-VIRGO-KAGRA Collaboration Meeting

® March 9-12, 2026 ‘{ | ﬁ e

® Pala Todisco — Meeting and more, Pisa, Italy | LVKKA%QPQS’

® Parallel sessions in day1&2, suya
Plenary session in day3&4, Poster session in day3 5I0KA

® \Workshop lunch everyday, one(two?) dinner(s), (‘IPANT

VIRGO site tour in day5
® Program and slides, posters available on LIGO dcc
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® Twice a year(March and September) v LR

® Rotate among Europe, US, Asia?
® Mar. 2025 @Melbourne
® Sept. 2025 @Colorado
® Mar. 2026 @Pisa
® Sept. 2026 @Pune(India)

® Scientific parallel sessions in dayl&2, | -
Poster session in day3 Souvenirs in this meeting

Reports and IGWN(?) Plenary session in day3&4,
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Partici

® Many participants from Europe (compared to Melbourne)

® Participants from Japan; T. Kajita, M. Ando, Y. Aso, K. Ohara, T.
Sawada, T. Narikawa, N. Uchikata, |. Obata, T. S. Yamamoto,
H. Fujimoto, Y. Sakai, K. Kobayashi, H. Imafuku

® Also Japanese participants from abroad, K. Kawabe, Y. Inoue, D.
Tanabe, M. lwaya

® Other KAGRA collaborators from Taiwan and South Korea



Overall Impression

Somebody said LVK is for building connections
Different atmosphere than Melbourne

Great discussions and networking

Experimental field seems reaching maturity,
yet seeing niche, sophisticated updates across all sectors
Cryogenic still feels a long way off

Discussions are limited by my English---

Foods and scenery were totally nice




Time Table
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Talk about Birmin

® Presentation by Lari Koponen in Suspension Working Group
® About Laser Position Sensor, 6D Birmingham |Inertial Sensor,

Compact 6D
® Testing to stabilize HAM platforms with BIS, TM platforms with C-6D
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enic inertial sensor

Presentation by Morgane Zeoli from Liege Univ. in SWG
Vertical cryogenic |S with interferometric readout for ETEST

Tested optical elements, alignments, leaf spring in bK

HoQl in cryogenic!
They are not using cryo. compatible motors

Leaf-spring
suspension (BeCu)

Double-clamped blade
hinge (BeCu)

Inertial mass

Corner cube

Homodyne quadrature 1
interferometric readout f
Amorosi 2025

Frequency [Hz|



Optical fiber coil

® ~km long optical fiber?? Thermal noise?

Laser source

F—

Photodiode

Top view

Talk about rotation sensor for inertial sensor

® Presentation by Brieux Thibaut from Liege Univ. in SWG
® To decouple the rotation from inertial sensing in low frequency
® Detect the rotation with Sagnac interferometer |

e

Ground

Side view .




Talk about HoOl

Presentation by Artem Basalaev from AElin SWG
® Fused silica resonator + HoQIl readout—FuSIS

® |mperfections of optics introduce elliptic distortion
which results in nonlinearity of FuSIS

® Fujimoto-san knows more---

! Summary: performance for different motion ranges

* um range: ellipse fitting in HoQl readout
* Always a good idea, at least 4x noise

« 84 h. sub-FSR with per-hour ellipse fit |

reduction! ;h:T s 84h. sub-FSRj ringdown .ellipse corr. [ -
L. L. = e 1h.~1FSR, ringdown ellipse corr. e
* Remaining deviations at 0.05% level: £10773] « 1h. nm-scale, ringdown elipse corr. || <7
. . . o Y~X
hysterethis effects, likely specific to FuSIS £ ry i
* Sub-um range: additional fit for every hour of data 2 gfff .
A . 0 3 T olie—y
+ Beat note of FuSIS resonance and isolation = ! ,.1;:'63?- ye3
. . Q Pre gt s e
table as ,nonlinearity gauge” 2 L .-#3;".“'
* Around 2x further noise reduction on 210" 5e i L
average & =
* nm-range:

5-107%7-107% 1077 2-1077 3-1077 51077

* Whitening filters important: large effect on Peak motion at 20.03 Hz (m/VHz)

ADC noise suppression (~3x)
et . . J Lehmann et al 2025 arXiv:2511.04386
* Sensitive to tolerances in electronics =
measure TF instead of estimate

Artem Basalaev, LVK Pisa 2026, DCC#G2600472 21




Torsion Bar Antenna
for Low-Frequency Gravitational-Wave Observation

Tatsuya Sugioka?, Yuri Todoroki?!, Yuka Oshimal, Satoru Takano?, Ryosuke Sugimoto?, Takaaki Yokozawa?,
Shinji Miyoki3, Tatsuki Washimi4, Kentaro Somiya3, Yuta Michimura®, Kentaro Komori®, Masaki Ando1
1Dept. of Physics, Univ. Tokyo, 2AEI, JICRR, Univ. Tokyo,
“NAO), 5Science Tokyo, $RESCEU, Univ. of Tokyo LIGO DCC:G2600190

Abstract

Torsion-Bar Antenna (TOBA) is a ground-based detector using torsion pendulums to observe gravitational wave. The low resonant
frequency of the torsion pendulum enables observation in the frequencies between 1 mHz to 10 Hz.
We are developing a prototype TOBA with 30 cm scale bars to demonstrate noise reduction and precise measurement. In this work, we
locked Fabry-Perot cavities for the first time in TOBA, and improved sensitivity.

3. Setup & control method"

. 1
1. Introduction™
TOBA; TOrsion Bar Antenna
» GW detector using torsion pendulums
» Ground-based
= Target freq. range: 0.1Hz - 10Hz
= Scientific targets:
IMBH merger, Newtonian noise,
Earthquake early warning!??
Development plan \
Phase ~II Final

Principle test | demonstration| observation

Rotation by GW

Test Masses(TMs)

Fabry-Perot
cavity

! Test Masses{TMs) l

Optical Bench(0B)

10°% //Hz 1015 /y/Hz (target) | 10719 /VHZ (target) )
z‘é“éﬁfﬁ?ﬁs 30'cm bars 10 m bars Suspension system
Cryo. temp.(4 K) | Cryo. temp.(4 K)
Rﬁfﬂ;ﬁﬁ' FP cavity readout | FP cavity readout fj 2 Modes(Yaw&Long)

change cavity length;

2 DoF control
is required

(31

2. Previous development

Cavity T

F o ,_m T Naw oot sl

2 A Ay —colh-cail comman

1 T\ -~ Detect and actuate 2 modes with
2 cavity sensors and

2 coil-coil actuators,

Suspension system with optical readout was constructed
Suspension worked well,
but main sensor; FP cavity not yet locked

- Cavity locking is required

For lock acquisition,
we close each
control loop

step by step

4. Measurement results"

Locked cavities with our method, and measured sensitivity

5. Summary & Prospect

Developing a gravity gradient sensor TOBA

| oplen Sensifivity is « Achieved cavity lock for the first time in TOBA
previous research | limited by = Improved sensitivity
Th\s work j y'L N N
- + Trying to reduce noises
:. : ; - Adjust DC TM tilt to
< | Cdl tockn in low freq. and mitigate seismic noise
§« | Y t _resonantpeaks | . Revise digital system and |
| LAgILe em noise analog circuits to mmgate
- in high freq. control noise
| Noise in 4-20Hz is « Replace TMs made of Si
| E==SSi —— still unknown for cryo. Temp.

I —
Sen5|t|V|ty |mprOVed by 2-4 orders [1] M. Ando et al., PRL., 105, 161101 (2010).
" . . . [2] ). Harms et al,, GIL., 201, 1416 (2015)
Next step Is to 'dent'fy_unknown noise [3] 5. Takano et al., Galaxies, 12(6), 78 (2024).
and mltlgate each noises [4] Y. Oshima, Ph.D. thesis, UTokyo (2024)

LIGO-VIRGO-KAGRA Collaboration Meeting March 9th-13th Pisa, Italy

Steady stream of visitors kept me
at my booth throughout the session

® Cavity control might impressive?
Bram, Kawabe-san and Inoue-san had
some insightful questions
Some questions about the configuration
TOBA is completely new for some people
Several people said “Your improvement
is nice! And your goal is--’
Phase-lll is still so far



Discussions on m

Bram
f Discussion about lock acquisition

® Avanish locked 2 cavities out of 4!

® [nvitation for me to visit TorPeDO

\® “I know how difficult it is!”

® In TorPeDOQ, they don’t control TM at all

~

/

Aso-san

CMethod for decoupling

® Clio site is not good choice

® Super sprin
N P pring

J

Brieux

in TOBA

T« Rotation sensor might be too large to instaII\

® |[n case of inertial sensor, rotational control is
Bram \_required only below 0.1 Hz or something  /




Chat with Kawabe-san

Senior scientist in LIGO Hanford

His research experience and why he joined LIGO
Old story of AEI

Current commissioning of LIGO

® Labor shortage

® Alignment matters due to temperature change?

® Kindly introduced LSC Fellowship
to visit LIGO site for several months

® [Maybe Ono-san uses this fellowship?

® Work at the site depends on the time From LIGO Twitter



Chat and discussions with Inoue-san

Associate Prof. in National Central University(Taiwan)
Plans to start torsion bar experiment in Taiwan
Has several workshop in Taiwan which are very nice for education

Discussed suspension systems and

torsion control schemes
arXiv: 2603 10070

CH RONOS From his Instagram
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t was preceded by a 2-hour standing reception
was in Korean Table

Korean guys (students and posdocs) are very nice,

® Chatted with Gabriella and
some other guys from AE]

https://10m.aei.mpg.de/team/

Very nice person
Remembers Oshima-san
Visited Ando Lab. before

She said banquet in Toyama was the best

Gabriella from AEI



Banquet 17/21

® The dancing lasted over
1 AM

® | got back to hotel in 2

LIGO executive director § EGO director AM

¥
i )

M .
\ N
L

® Somebody said---
“Why Masaki isn’t here!”
—maybe Kajita-san?




Dinner with KAGRA members

In day4, we had dinner together

Ando-san reserved
excellent pizzeria!

Young people were in [,
although Ando-san and some
other prqfe_ssors were outside...

The best pizza
I've ever had !



VIRGO site tour

Venue is pretty nice

Easy access to the control room
is also nice

Well equipped for outreach activities

The road to the site was very narrow
and unpaved

| didn’t know that end of the arms in
VIRGO are cooled down



VIRGO site tour
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SAT(Super Attenuater)

Looooong Inverted Pendulum!
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