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Hilton Cocoa Beach Oceanview, Florida, USA
No parallel sessions, one poster session

Workshop lunch everyday, one dinner, one

excursion (not attended)
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Overall Impression

« Great to talk with people during breakfast, lunch,

dinner, and breaks

* More like how to realize CE kind of workshop,
rather than Advanced Detector Workshop
- which is also exciting that CE is getting more and

more realistic
* No cryogenic session

Number of Talks by Category

3¢ My categorization

'% E

= Overview

= LILA

Quantum

= Coating

m Calibration

= Silicon+Cryo
m Suspension
m TCS

= Laser

= Non-GW



KAGRA Participants

 Kazuhiro, Kentaro, Satoshi, Yuta and some
students attended from KAGRA

e Only one poster on KAGRA
« Sorry for being in Florida

04 Resumed on June 11 24:00 UTC !!!

gwistat
Gravitational Wave Detector Network

Operational Snapshot as of Jun. 11, 2025 20:50:53 UTC

Detector Status Duration [hh:mm]
GEO600 04:13
LIGO Hanford 00:00
LIGO Livingston 03:07
Virgo 01:03
KAGRA 03:27

Latency [s]
34

59
45

52



Out-of-the-Box

e Someone said... 3
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| was actually excited for the out-of-the-box session
when | was a student. | knew some of them will not
succeed (at least with current technology). Even if 1

out of 100 is successful, 99 is not the waste of time.
(Very similar to education...)




KAGRA 06 Voting Result

* People also voted for broadband options
 YC: DRSE, JH: BB40, CC: HFmod, JG: HF3k




Yanbel Chen: Science Review
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https://doi.org/10.1103/PhysRevLett.132.241401
https://doi.org/10.1103/PhysRevD.104.103011
https://doi.org/10.1103/PhysRevD.109.064086

Luca Naticchioni: ET Updates
Three promising sites: EMR(NL,BE,GE),
Sardinia(ltaly), Lusatia(GE)
Two baselines: 10 kmm A or 15 km 2L

. Blue Book released In March 2025
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A dedicated Task Force under ETO is
working on the two configurations.

L. Naticchioni - ET Status, GWADW25


https://arxiv.org/abs/2503.12263
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Matt Evans: CE Updates

« NSF MPSAC ngGW recommendations:
-CE 40 km if ET in Europe
-CE 40 km + CE 20 km if ET not in Europe

* Collaborations with ET,
technology synergy with A#

Technical overlap between A# and Cosmic Explorer

Substrates
(84.1.1)

Coatings
(§4.1.2)

Suspensions

(§421)
Active

Vibration

Isolation
(54.22)
Lasers.
(§4.3.1)

Input Optics
(§4.3.2)

Readout
(§4.40)

Squeezing
(54.4.2)

A R&D

production and polishing of
fused silica optics 45 cm &,

100 kg

amorphous coatings: materials
better than A+ coatings and
scaling

crystalline coatings:
birefringence tests and scaling

improved controllability, high
stress fibers, test mass actuation,
full scale prototype

improved sensors and global
control strategies

high power laser, beam quality

mitigation of laser noise

CE R&D

further scaling, toroidal mirrors
for corner, polishing of strong
lens in ITMs

amorphous coatings: further
scaling required

crystalline coatings for future
upgrades: further size scaling
required

design optimization, long high
stress fibers, test mass actuation,
full scale prototype

scaling up of A* design

integration of A’ design

mitigation of laser noise
plings with double

adaptation of A* design

plings (i freq
beam jitter) mode-cleaners
optimization of Balanced
Homodyne

loss, mode mismatch and phase
noise reduction, robustness

adaptation of A® design,
reduction of SEC loss, study of
HOM in band

Sensing & Control

Computing & Data

A'R&D CER&D
Length & control noise reduction, optimal  adaptation of A* design, lock
Angle (§4.5.1)  hierarchical control acquisition for 40 km arms
improved sensors and of A! design el
R OEa8) evaluation of BS thermal lensing  study of low AOI on BS
Parametric
Instab. p deling and P p of A¥ design
(§4.5.3)
Vacuum maintenance of existing large scale sector test of new
system (§5.2)  infrastructure system
deling and d 10f | of A* design, facility

Noise (§5.1.2)

subtraction techniques

design optimization

beam tube baffling strategy,
analysis of corner layouts,
detection strategy

building isolation, beam tube
isolation, HVAC redesign
exploration of modern low-noise
clectronics designs
architecture re-design with
modern technology

fast and accurate low latency
calibration techniques

integrated architecture for
T

Stray Light  incremental improvements,
(§5.3) material research
Envienment incremental improvements
(85.1.1) o pIove
El i 4 4
(§4.5.4) 3 =
Digiallig incremental improvements
(s4.61) i
Calibration
incremental improvements
(5462) 5
Data Analysis,
Transfer and 13
Storage -
(§4.6.3)

cy analysis of ~ 1000
daily events

Number of BNS events per year localized within...
A. Corsi+, arXiv:2402.13445

of observations
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https://arxiv.org/abs/2402.13445

CE Corner Design

* | liked “Shoelaces 17 (flat 45 deg mirror) but down
selected (to reduce suspensions)

Slide from Sagar Kumar Gupta

Desian Down-selection

Split telescope Long split telescope

More details on optical
design process and down
selection in Dr. Paul Fulda’s
and Matthew Todd'’s posters.
Please have alook!

10

Cosmic Explorer corner layouts: design considerations and down selection, CE Optical Design, hittps://dcc.cosmicexplorer.ora/CE-T2400012

4




Craig Cahillane: CE Input Optics

| thought double-pass configuration can be used to
simplify the layout

Filter Cavity
4 km

IO Layout

Solution:
Three mode cleaners IMC2
1) Pre-mode cleaner om
16 m
2) Input mode cleaner 1
100 m
3) Input mode cleaner 2
330 m

LVEA



Lunar Detectors ~ [PAZ®

AJTEMIS

* Whole Friday morning dedicated to Lunar detectos
(7 talks), but, actually, all talks are from LILA (Laser
Interferometer Lunar Antenna) team

laser-interferometric measurement of seismic strain
(Weber bar)

Array of seismometers

(Weber bar)

Lunar seismic b I 10-18H7-1/2 Suspended mirrors
background | cancel Above crater to avoid dust
— f— Ia — .
1 Start of the luna I 10-20Hz1/2 1 Terrestrial detectors
' normal-mode : Cancel necessarily better

Isolate + cancel

I
|
spectrum ! But large
| — |
I 1 Seismic isolation I temperature
| ! ! change
| | |
| | 1
! |
. \ . .
107 107 107 10° 10’ 10 12

Frequency [Hz]  J- Harms, PRL 129, 071102 (2022)



https://doi.org/10.1103/PhysRevLett.129.071102

Bram Slagmolen & Jiri Smettana

« Combined talk on TorPeDO and Blrmlngham
torsion balance (6D seismometer) ai

Tsunami, Dark matter, Semiclassical
gravity ...

« Test of pre- -selection SN?

T. Yan+, arXiv:2411.17817
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https://arxiv.org/abs/2411.17817

Slide from
Classical Gravity NVidterm sg.. 2025

« D. Miki, Y. Kaku, Y. Liu, Y. Ma, Y. Chen, arXiv:2503.11882

Auxiliary Auxiliary Experimental
Class Model Observers Outcomes used | Measurement Outcomes Features
Introduced? to Generate ¢? used to Generate @7
3 s |Diosi-Penrose [19, 20] ET:;::; No No Gravity For some
= % not implemented reason
S = CSL [21,22] Measure Smeared No No
Matter Distribution col Iapses
Pre-Selection [3, 6] No No No Violates
‘E S-N Page-Geilker
o . Future measurement G :
Z, - ravit
% Post-Selection No No Yes choices influence y
2 S-N [6] ast generated at
:E Causal Obtain conditional eXpeCtation
=] Sdl- . -
@ Conditional No No exr]:ectanon of positions | b e causality value
then generate gravity
S-N1{7.8, 10, 11] via classical feedback
N-H _ ¢ M Classical gravity
= ~H exiension o casure g Yes No via Diosi-Penrose
‘g E S-N[23] everywhere ty
e V\ . s
23 T y | Uses instant - depende nt gravity: Auxiliary
: 8 sasure posion ply position his ba ckact\On observers
O | Model [13, 14] ~oue that, to ap! sary and this bat 1
3 = Some argue r'n“em i necessat L rangle ement. | Y1 measure
j: = " q_u.r.: .
5 2|  Oppenheir measuret .+ jnduced en e wave function
O Model 2 “‘O g tﬂg gra\[\ty \ NO and includes
[ pr V nts creatl NH and KTM and generate
Unified Measure position Yes Yes Can incorporate gravity 14
model of each mass ) ) all above models



https://arxiv.org/abs/2503.11882

Stephen Eikenberry: GravComb

« GravComb: Tabletop deci-Hz Frequency Comb Gravitational
Wave Detector

* Measure position of levitated mirrors (~2 m apart) from a
rigid frame with frequency combs

* Newtonian noise is small due to ~2 m (!) sensors 2023, 23(1), 301
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Other Talks

Stefan Ballmer: Status of Coatings Development for GW
Detectors

- 20 cm dia. AlGaAs now possible

- AlGaAsN for zero birefringence

Zeb Van Ranst: All-polarisation beamspilitters for
speedmeter applications
- Also relevant to DANCE

James Gardner: Bayesian waveform estimation at the
fundamental quantum limit

- Limit of Bayesian vs Fisher quantum frequency
estimation

Jacques Ding: Two filter cavities vs coupled filter cavity for
Frequency Dependent Squeezing
- Sounds challenging to reduce losses from coupling mirror

(<~ppm)



Other Talks

Andrea Moscatello: Stray light noise from dust in ground-
based GW Interferometers
- 10 particles/sec detaching enough to limit ET sensitivity?

Flavio Travasso: Current leading technologies in crystalline
test mass suspensions

- a lot of progress also on Sapphire suspensions (diffusion
welding, laser welding)

Juliane von Wrangel: Micrometer Precision for Hydroxide
Catalysis Bonding and Laser Welding the 100g Mirrors for
the AEI 10m Prototype Suspensions

- composite fibers to mitigate cracks

Harold Hollis: The Heterodyne Detection System for the
ALPS Il Experiment

- X30 better than ALPS limit from ALPS Il initial run



Panel Discussions

* Quantum sensing and squeezing
- Call for questions from participants, and
guestions were chosen by roulette
- Can we do better than going larger and heavier?
| felt like this kind of question
IS suppressed.
- Discouraging comments on AMO
applications to GW detectors
(GW detector is big and continuous,
but AMO is small and almost pulsed)




Panel Discussions Led by Reitze

« Science flowdown driven detector design - are we

there yet?
L. Barsotti, Yanbei Chen, Kate Dooley, and Rob Ward

* The long and winding road to improving test mass

mirror coatings for ground-based detectors
Stefan Ballmer, Volker Quetschke, and Manel Molina-Ruiz

* What technologies are we not using that we could
be using for ground-based™ and space-based

detectors?
John Conklin, Vicky Xu, and Steve Eikenberry

« Qutstanding challenges in developing cryogenic

detectors and how to overcome them

Luca Naticchioni, David Tanner, Michele Valentini,
and slides from Kazuhiro Yamamoto



Science Panel Discussions

« Science Traceability Matrix like NASA
« NEMO experience
« Dark matter etc. discussions

| (tried to) comment that designing GW detectors to

nave more sensitivity to dark matter has little point

GW is more important than DM for GW detectors)

3 SCIENCE TRACE ABIL T

Mirror and Instrument Requi

Science Goal Science Objective Key Observations Measurement Requireme:
Instrument Property
Observe itors of I 2=10 galaes o 1 e fimis (0.5-2 ke
See the Dawn ive black holes it of M, =10,000 M, over 2
e g =10 e « 1610 eng/s/an’. Mirror+ HOXI | Geasp s 1 hev ~2m' x 300 arcminutey’ [
of Black Holes at their seed stageat | volume with 1010 ptentthistgaos, | 0 s Teeg UL e - wd|
=10 §113 Appendix A3 « 710 exg/sfan’ over 400 arcminutes' Vot et
Electivehres 91 ha¥ 2w
Direct imaging observations of 15 low2 G : Fekdof View T0arcminota radius
Determine the stateof | salwdeswith I, ~3x10° M, 214, :fl‘:(' ‘g‘:{‘;“;’f'"’"’”““""“”"""V"""*““‘“"““’ Miror+- HDXI
diffuse baryons in galactic | Appendix A5 g e Spectral Besolation o1 kel P
halos to guide the galaxy
formation models
Characterization of ot haos beyond the virial PR, , Spectral Bsaiing Power 5000
fadius In ~30 galaxies with mass 10"-10° it} - R T Y X658
Reveal Invisible M, atz=01.§215, Appendix A5 R DA O oy e ffecive Areaat 04507 ke Ao’
Drfears of Galaxy ‘Spectrometes Pruel Size. Tarcsecond
and Structure Spatiallyand spectralyresobvethestructureof |\ rofle n 20 gak 100 LXM/
Formation starburst-driven winds in low-redshift gaaxies, | Me2sure the outflow velodty profile in 20 galaxies it UltraHigh | eneray sesosion so20 15 o034 (Pl
s accuracy, and derve the momentum and energy fux
. i §22 Resolution Array
Establish the energetics, Spectrometer Subarray Size: Y araminote x 1 arcminute|
physics, and the impact
of energy feedback on Fick " g y
iy g :
feedback on SSW, and determine the AGN inflated bubbles, and characterize the thesmodynamic x:”";:;';ml; SpEe—h S 83 arcseconds g
physical state of gas near the SMBH sphee | state of gas with 10% predsion at orclose tothe Bandi radius Array Energy Resolation 60,67 ke 30
of influence n nearby galavies, §2 from the central lack hole
‘Spectrometer Subarray Size T arcminete x 1 arcminute |
Unveil the Constrain SN explosion b dan e o]
Energetic Side of physics, the origin of 3 - Voo LM/
Stellar Evolution | elements, and arelation ¥ s s
ad et Betes N sty s | 2 elements e.q. fe-Ka), and in non thermal emission (UYL VR F—— Yo
Ecosystems local environment ffective rea g el o

Operate and survive in the science orbit, with a minimum

observing efficiency of 85%,
for the duration of the 5-year mission

Mission Functional Requirements
Accommodate payload Provide data collection that is sufficient for
in the Launch Vehicle uninterrupted observations by all science
instruments

Provide pointing attitude control and knowledge
consistent with sub-arcsecond imaging, as well as stability
consistent with a 1 arcminute FoV.

Table 5.2
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Plot from Paul Lasky
(not from GWADW2025)

2023 2024

20

2016 2017 2018 2019 2020 2021 2022

publication date


https://indico2.riken.jp/event/5141/contributions/25512/attachments/13623/20449/Paul_Lasky_NEMO.pptx

Coatings Panel Discussions

* There was a comment that KAGRA is using room
temperature coating (Ta205/S102) [MMR]

- | commented that it is OK
- Peak depend on vendors
- Low temperature peak is not
significant (and can be
removed by annealing [SB])
-ISBPERS T
HFI(ER)TDDD ...
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https://doi.org/10.1103/PhysRevD.109.102008

New Tech / Cryo Panel Discusn

—— _—

* There was comments that DECIGO is not
feasible due to doppler shifts (PD range?), s
point ahead, phasemeter noise efc.

- | think they are confused with LISA...

- IZREPERS FICTHFITDDD ...

* Frosting

* There was a question that what is needed for green
light to cryogenic interferometers [LB]
- | said testing everything is necessary but testing
everything at cryogenic temperatures is hard

(e.g. TWE measurements at cryogenic temp.)
22



Questions to KAGRA from DR

How can we effectively make cryogenics work in a

vacuum that is really good but not perfect?
- Frosting, heaters

Whether the KAGRA cryogenic system introduces

excess displacement noise?
- Not yet
- Heat link vibration and Newtonian noise OK

How long can a detector reasonably stay cold?
- 2 years (2022 — 2024, Stopped intentionally after Noto
EQ)

Is there a way to clean surfaces in situ/in vacuo?

- Heaters
KY prepared slides, but not

explicitly discussed in the panel



Summary
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