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Organizers: Matteo Barsuglia , Marica Branchesi, Barbara Patricelli

Irina Dvorkin -Prospects for populations of CBC

BBH and BNS: mass distribution and merger rate evolution

BHs in the lower mass gap? Implications for SN explosion mechanism?
BHs in the upper mass gap? Dynamical channel?

EM counterparts for intermediate black hole mergers?

Third generation detectors: PBH, POPIII BHs, IMBHSs

Simone Mastrogiovanni - Prospects for cosmology
Bright sirens, dark sirens, spectral sirens

One year of Virgo_nEXT could be able to solve the Hubble constant tension

Massimo Vaglio - Prospects for fundamental physics and ECO
Quantum BHs, Boson Stars, Fuzzballs
GW tests: inspiral-merger, ring-down

Ulyana Dupletsa — Science for different ET designs

Triangle10 km remarkable performance with respect to 2G

2L-15 km-452 improves by a factor of 2-3 detections and PE

Low frequency sensitivity crucial for accessing the early Universe and pre-merger alerts
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Giancarlo Ghirlanda — What EM facilities we have, will have, wish to have //@}}
Rates Nir/Optica instruments Radio arrays

R — Elba 2023
0 (10) 0 (10%) T e \_)
Ogra(l) Orp(107) 10 GHz “%‘* —_— =4
e i
On(0.1) Oea(10%) - l LT e \_a
Ocra(0.01) Ogru(10) = "'.':i &, ; . ll Em%‘,
2024 2035 = ; § 7 700 MHz ' E’F—_—J’
—+=Now 2024 2035——=> i Now 2035 >
High-energy satellites (example monolithic mission vs satellites)
O VUILVI-UIINIVL uuuo -2 U.LI\") U.10 ~ Jucy 3‘_3' J)I"_f')‘?’o l‘f_zi_ 34_570
THESEUS-XGIS | 0.002- 10 3x107°® 0.16 | <15arcmin | 10*5 | 63'13% 15%¢ 94+6%
HERMES 0.05-0.3 0.2(*) 1.0 1 deg 84+ | 61719% 1393 94*%

Golam Shaifullah and Delphine Perrodin — PTA
array of MISPs, large work to identify PTA noise sources and to analyze the data
All PTAs see a common, uncorrelated signal
consistent with GW background

Sources to be detected: SMBHBs and cosmological
Future large improvement with SKA

(MeerKAT and FAST already in operation)
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Panel : Scientific objectives of different GW projects, (/773 1]])

the R&D needed, difficulties and opportunities

'Elba 2023"
Rana Adhikari (Voyager), Stefan Ballmer (CE), Lisa Barsotti (A#), Viviana Fafone (VnEXT),
Harald Liick (ET), Kentaro Somiya (KAGRA+ ad beyond), Bram Slagmolen (NEMO)

* What are the challenges in achieving the main scientific goals in the coming years?
* What lessons have been learned and what mistakes should be avoided when
transitioning from the present

generation to building the next upgrades or next generation of detectors?

* What challenges are involved in scaling up the detectors to the next generation (both
from engineering

and organizational point of view), and how these challenges can be effectively
addressed?

* How an international collaboration and coordination can play a role in the
development and operation of

next-generation gravitational-wave detectors?

* In addition to detecting gravitational waves, what other scientific objectives (i.e.
guantum mechanics, geophysics) or research fields can be explored or used with the
next-generation detectors (i.e. machine

learning, Al in general)?
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LIGO, Virgo, KAGRA have all had challenges in preparing for O4, but Elba 2023

have also all had significant successes.

10—15 r

——— 04a high (3 Mpc)
Mar 26, 2020
-~ —— May1,2023
- —— May 5, 2023
----- Suspension thermo-elastic 3
----- Substrate Brownian 1

‘el 71“: ==: S:sSis ~— ==== Quantum E
EE' Wl Total estimation 3
g to-te STy :

@© = W

=} =i_ e B

m10720_ oy \ I 1 R ! .
3 = EEE e =F iSE=i
F o~ 3 i :-l | -
10~ E:L — = |5 NEem=s | ERSSE

W ¥ '

Advanced LIGO gravitational-wave strain, May 8 2023 10—15 LL g 4

i 1 1 t : -waerpc_

LIGO Jd

s
¥

3

GW amplitude spectral density [strain‘v’Hiz]

| o2l ERoSES i L
6 P W S WA 1 = KAGRA Fit——mme -
FreqEns I o e g o I T W A
10! 102 103
Frequency [Hz]
—23
3.0 il -
= Reference (No Squeezing)
= Frequency-Independent Squeezing
@ = Frequency-Dependent Squeezing
. o

S . Q;lanpur;lNN91se Model ontrol Tl Virgo Freq Nmse/
% Classical Noise CMRF
£ 1.0
Z U
= =
E € -20
@ Em
— —
s E o2

0.3 | | v 102

a0 L <00 1009 apw May 21-27?%23

Frequency [Hz] -
10

10!
oeee—— ol Frequency [Hz]

GWADW, Isola d’Elba, 27 May 2023




Virgo_nEXT goal quantum noise reduction

O5 and Post-O5

LIGO, Virgo, KAGRA all have exciting paths forward for O5, and beyond!

Total Quantum Vacuum
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Frequency f, Hz
Parameter 05 Initial post-O5 | VnEXT
Injected squeezing 12 dB 12 dB 15 dB
injection losses 6.5% 5.5% 1.8%
FC losses 30 ppm 30 ppm 20 ppm
Readout losses 6% 4.5% 2.5 %

Arm-cavity roundtrip losses
Signal extraction cavity (SEC) roundtrip losses
Phase noise

75 ppm
1000 ppm

25 mrad

75 ppm
1000 ppm

15 mrad

75 ppm
500 ppm
10 mrad

Mismatching squeezing - filter cavity 0.5% 0.5% 0.25%
Mismatching squeezing - interferometer 2% 1% 0.5%
Measured squeezing at high-frequency 5.5 dB 7.5 dB 10.5 dB

GWADW, Isola

d’Elba, 27 May 2023
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Third generation infrastructures Elba 2023

e Vladimir Bossilkov: A review of parametric instabilities and discussion of why
the longer arms, higher power, and larger test masses of next generation
detectors will make the Pls more challenging

e Craig Cahillane: Discussion of a new frequency stabilization scheme for CE
necessary due to its longer arms

® Lucia Trozzo: Description of a prototype nested inverted pendulum for ET
suspensions to reduce the height of the traditional superattenuator

e Satoshi Tanioka: Update on AlGaAs coatings including measurements of
mechanical loss at cryogenic temperatures and discussion of dichroic AlGaAs
mirrors necessary for new lock acquisition scheme

e Rana Adhikari: Update on Voyager including idea to detect 2 um light with
higher quantum efficiency by first upconverting it to 1 um light

e Marc Andrés Carcasona: Analysis of scattered light in ET and a baffle design
that will satisfy scattered light noise requirements



Site characterization
Reduction of Newtonian Noise

(1)How to measure seismic motion ? -> Fiber sensors
(Katharina Isleifl (isleifk@hsu-hh.de))

Distributed acoustic sensing (DAS)

OTDR: optical time domain reflectometry

Backscatter /

Disturbance scattering centers

1
Rayleigh backscatter intensity: [ « o x ppm/m

o : n-2z
Roundtrip in 1 km fiber: t =

= 10us = 100kHz
c

Pulse width, [ = 10 m resolution: ¢t = nl 50 ns

Independent Rayleigh

S

O
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Fibers are very
sensitive seismic
strain sensors
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Multiple fibers in

individual boreholes
and along 10km
interferometer arms
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Site characterization GWADW
Reduction of Newtonian Noise {/@}}
(2)How to derive Newtonian noise from seismic motion ? R
-> Neural network (Henk Jan Bulten),

= Neural network: attempt to solve this problem by weighing/combining the full dataset (non-linear) — this

approach may succeed if there is a way to train the network. (thesis work \Vincent van Beveren. submitted

to GQC)

Al Predicted signal
Seismic sensar netwark inference g -- - - - -

-

‘ ‘ Model updale

Subtract predicted
from true signal

Al
Witness sensor data training

True signal
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Site characterization
Report from Sardinia (Luca Naticchioni, Matteo Di Giovanni) {/@}}
Elba 2023
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Site characterization { /@
Report from Sardinia (Luca Naticchioni, Matteo Di Giovanni) }}
Elba 2023
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Experimental characterization and

Modeling of the amorphous film
structure

deposition and thermal treatment

(Laura and Kiran)
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Last news on Titania-Silica coating
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for near future upgrades
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crystalline coating for Post O5

application ‘ investement
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(Steve)

Poster

New materials (fluorides) and

innovative treatment (hydrogenation)

for future cryogenic application
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Moon and Space: Summary //@//

Elba 2023
e LISA (Oliver Gerberding)

* Moving forward
 Timeline: Adoption (2024), Flight acceptance review (2034), Launch (2036)

e DECIGO (Seiji Kawamura)

e DECIGO: design parameters being updated for PGW
e SILVIA: study for mission definition underway

 LGWA (Jan Harms)

 White paper: ongoing
e Various study ongoing

e Toolset for Adjustable Picometer — Stable Interferometers (Marcel
Beck)

e Experiment ongoing for LISA

e Sub-femtoWatt laser phase tracking (Callum Sambridge)
e Experiment ongoing for “LISA and beyond”
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High Frequency Detection Elba 2033

A Gravitational Wave Detector for Post-Merger Neutron Stars: Beyond the Quantum Loss Limit of Michelson Fabry-P\'e A
Teng Zhang

Detecting high frequency (10-100KHz) gravitational waves with levitated micro disks Dr george winstone A
Hotel Hermitage, La Biodola, Isola d'Elba 11:15 - 11:40
Bulk Acoustic Wave cavities for high-frequency gravitational wave antennas Tommaso Tabarelli De Fatis etal. &
Hotel Hermitage, La Biodola, Isola d'Elba 11:40 - 12:05
Superfluid Helium for Detecting Dark Matter & Gravitational Waves Glen Harris &
Hotel Hermitage, La Biodola, Isola d’Elba 12:05 - 12:20
High Frequency detection discussion Hartmut Grote etal. &

Hotel Hermitage, La Biodola, Isola d’Elba 12:20 - 12:30



Cryogenic GWADW

Summary for ET-LF cryogenic and vacuum (Steffen Grohmann) { / @}}
Elba 2023

Baseline design of ET-LF cryogenic payloads E'T faescoe

@ New reference paper ® Objectives
B Link: https://arxiv.ora/abs/2305.01419 B Consistent design study in
terms of
“ﬁ%ﬁ;ﬂ Platform’ ® Mechanical design
L vy ® Thermal dssign

st by

e e e ® STN modslling

® Compete description of the
STN model, including

X 306 Ol HS I [atro-phIM] 2May 203
il

ey ——--E“ﬁﬁ . .
FEREATRTA I collection of available
e e material data
_'ﬂu.-u-m
e—— W Stepping stone for future
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design optimisation(s)

Reference for cryostat
design (dimensions)
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Design and simulation (cryogenic, vacuum) for ET of ET pathfinder [ [ [//

(Katharina Battes, Henk Jan Bulten) — ~
Results e
10K
Source 1:
® cryopump 80 K for water trapping sufficient ton L . sk
® 10 km beam pipe conditions via low outgassing
(instead of high pumping speed)

K

Source 2: 5
eveloped -~~~ in ninper tower needed to reduce

® conducta PUMping concer :

but thermg loads on b ept fylﬁls all gas re[3¢ d :
® flow accoramg oo’ € Cryogenic Mirror h €d requirements
® more options will be studied (e.g. speciai waw.. < € 10 be addresssey.

Source 3:
W cryopump section for hydrogen needed, additional to water pumping main section

- Pressures around mirror - H,: 3-1013 mbar, H,0: 1-:10'* mbar,
water ice build-up ~2 years for 1 ML

" N



Cryogenic

Design and simulation (cryogenic, vacuum) for ET of ET pathfinder

(Katharina Battes, Henk Jan Bulten)

Modeling — ETpathfinder setup

htemp__ 1
——— all tracks Entries 344061
ErrTrr[rrrrrr M Mean 3020
o = tracks outside thermal shield Std Dev 3081
——— passes thermal shield
10*
——— start inside thermal shield 3
10° 5
10° E 3
10 -
1 H
E 11 1 I L4 1 1 l Ll L1 l I L lﬂ?

PRI A SR . | Lhl s
0 5000 100001500020000250003000035000
wall bounces
Example of raytrace results: one ETpathfinder
tower with shields, mirror, marionette, baffles and
reaction mass has been modeled. The number of
hits per track before reaching the turbopump is
plotted for different start positions — 10 billion tracks
calculated in ~ 4 hours (using 12 threads on an
iCore7)

e e e st Ee A S S *\r '

temperatures with a 15-K shield

mirror

reaction marionetie
jellyfish ring

cold finger

inner floating shield

top floating shield

40-K shield (sverywhere)

I

o 15-K shield
R - top LN2 shield
- \\ B - LMN2 vessel

N T T S S O AN T AT i S
100 200 300 400 500 600 700 800 900
time/3600

Cool-down of the mirrors in about 1 month — using liquid
Nitrogen cooling for the LN2 shield, 30W cooling power for
the 40K shield until T=40K, then 3W sorption cooling
power, 1.5W cooling power at a 15-K screen (not shown in
drawings, and 0.1 W cooling power at cold finger.

About 400 elements are needed to describe the system,
the heat transfer between each pair of elements is solved
in each time step. (5 days CPU on an iCore7)

GWADW

(1))

Elba 2023



Cryogenic bl i
Design and simulation (cryogenic, vacuum) for VVoyager and Mariner{/@}}

(Radhika Bhatt) Elba 2023
Voyager Cryogenics

« Simirrors
« 2 layers of radiative
51 (oth sages) shielding
High power heat * Conductively cooled via
pat heat extraction path
:  Shields extend into beam
Flexible
Cu rope tube
« Radiative cooling of test

mass (TM) from inner

-«——> Relative displacement sensors
-«——> Actuators

springs (blade
or otherwise)

3 MW
Interferometer laser
V4

Gate Valve

80 K non-suspended 80 K non-suspended shield (IS)
ffl hi hiel . _ . .
baffled beam tube shield outer shield 123 K Si mirror \ 53 K suspended . Qll asi-mo I'thtth
83 K suspended bafﬂed 44 cm diameter ) N . . =
bearm tibs shieid 150 K3 10 200 K inner shield suspension: cold Si blade

springs and Si ribbons

1i0m

Voyager ETM chamber design, from Vovager White Paper
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Cryogenic Vacuum Chamber

Cryostat at Rome for ET (Marco Ricci,V

Suspension Fibre Chamber

Trasmission Line Chamber

Heat Path

Low-vibration conductive
thermal links refrigeration lines thermal links
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Cryogenic
Cooled mirror //@}}

Elba 2023
Birefringence and absorption spatial

corre | atl on Correlation between absorption and
internal stress leading to birefringence

Anpyss is within original specs

o and An Pearson Correlatign Coefficient & and An

"=, b
e \\ S
. NN

Structural defects can be the céﬁse of both absorptiiﬁ”ﬁ and bi'refringence*
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Thermal effects summary 1/2 Elba 2023

TCS in Advanced Virgo (M. Lorenzini)
e Several lessons learned from O3 and O4 commissioning and activities in test facility;
e |dentified a number of upgrades for O5;
e Clear FOMs from ITF channels must be identified;

Directly measuring mode-mismatch in coupled cavities (A. W. Goodwin-Jones)
e Simulations show that this is possible;
e Actual measurement performed at LLO;
e Table-top experiment do refine technique;

Mitigation of point absorbers (M. Cifaldi)
e Point absorbers measured in the Virgo ITMs (indirect evidence of PAs on ETMs);
* Reported case of point absorbers cleaned from West ITM;
e Actuator based on single heating element and binary mask ready to be installed (waiting for NE venting);

Mode-mismatch in Advanced Virgo (R. Cabrita)
* Phase camera can be used to measure mode-mismatch between recycling and arm cavities;
e Measurements interpreted after coupled simulation activity;
e Resultsin line with FSR scans.
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Thermal effects summary 2/2 Elba 2023

e Simulating marginally stable cavities in Advanced Virgo (A. Green)

. I(:)i[\es)se used to model effects of imperfections on some relevant ITF observables (like DARM
TF);

* Imperfections affect error signals, and produce offsets;
e Results from simulations and commissioning being used for the optical design of upcoming
Virgo upgrades;
e A* thermal modelling (A. Brooks)
e TCS in post-O5 era is going to be challenging (more stringent requirements);

. Int%nse modelling ongoing coupling FEA and optical simulations, including tolerancing
studies;

* Work-in-progress, but solutions meeting requirements are coming out;

* Next generation Gravitational Wave Simulation package (H. Yamamoto)
 Many simulation packages around, non is doing everything;
 Need something like HEP GEANTA4, user friendly (or transparent);
e Trans-Collaboration effort needed.



Current Prototype

(Thu, Koji Arai, Sebastian
Steinlechner, Bram Slagmolen)




E-TEST project for proof of concepts

E-TEST Prototype

tvpe eatures of E-TEST Project:
P " 0‘0 Suspend large silicon mirror (100 Kg)

perate at cryogenic temperature (25 K)

Pevelope cryogenic sensors and electronics.

hser and oplics at 2 microns.

mpact suspension (4.5 meters) with isolating at
frequency (0.1-10 Hz).

W
"hl l&'i—_'

WTH Nik[het m ZZ Fraunhofer By Mastricht Universty
w
-:ﬁ::: - G.M NMWP,

pec 62200540 1 =

-O2Grov e

ARC Centre of Excellence for Gravitational Wave Discovery

High power 2um cryogenic Silicon
suspended coupled cavity progress [

and challenges

: Aaron Goodwin-Jones standing in for Carl Blair Outline
j\ ETpathfinder overview ¢ A |
Main target: provide a testbed for ET = il i i & sive - DRl W PO * O @ * Introduction A
technologies/concepts and qualify them in low-noise z W, Target: 1e e B

— 10m prototype

environment.
= Suspension platform
2 FPMIl interferometers: = interferometer (SPI)
1) 15500m @ 18K & = i :
2) 2090nm @ 123K g ; i E;erfgorrerl:z:;f phasq__fne_tg
~ : “‘r&k_ T o ‘ ; v ’ Homodyne quadrature
jxi;.:;%( ,.‘ iL eolliblel| - | % % ————e = interferometers (HoQl) Test of Ne
S & = ifp. = - > — Installation th w !ﬂterferOmet .

3 — Signal processing ¥ e AE| 10m Pr, e SEnSOI’S in
| | e — Performance (in air) ototype
] _Johanpgg Lehmap,

n

25.05.2023
S. Steinlechner for ETpathfinder 2
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A Universal Interferometer (UIFO N\ Test mass
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LF noise and control (1St session) ,GWaDW
(1Q))

how to beat the low frequency wall?
Elba 2023

~IP suspensions

Suspension 6D inertial sensors a

platforms stabilization

101
£
¥ 1072
H

but, seismic and
ontrol noises are




e Tackling difficult problems in low-frequency noise with a combination of studies of
existing systems and development of new tools.

* There are now multiple technologies on the table for near-future seismic upgrades for
both inertial and relative control.

Most of the new approaches necessarily deal with noise in a MIMO way, to at least tackle
the biggest cross-couplings at the design stage.



e For future lower-frequency instruments, our modelling tools and noise projections are
becoming more sophisticated.

“Controls Noise” is approaching the stage where we can add some terms to GWINC-type
design tools.

Rotational inertial sensor technologies can now meaningfully characterize sites and
potentially improve performance.

 We see advanced MIMO controls tools entering the observatories, a goal we spoke about
many times at previous GWADWs.
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the alignment of tha PRC
beam, so we need to

. - Local Sensor RMS effect reduce the latter with
) lower noise local damping

Last year it was said that 5 Scattered light
asc noise limits sensitivity
e et ] . We need 1o shield the
o i ' é vacuum chambers (BSC,
Ll Al e CLL L at least) with baffles, so
better isolation system in i that there is no line of
R I Cat LD g sight from the test masses
unstable recyeling cavities £ to the chamber walls
are issues in virgo. Would Ew R {baffles hanging from
everything be better if we SEM Sensce Moa stage 2 of the IS, e.g.)
have both the tower L '
suspension and stable " s Qg )
recycling cavities? (kagra : -
has both though with A major issue
Cryogenic...).. aoSo
Driving noise [not enly
MIMO control Can you prove it will help DARM? through mechanics, also
GG Y desian techniques new electronics 1), sensor
- g Iques. The coupling of things to DARM is often naise Is also relevant, but
Y - not well understood - it would be useful to the main topic in designing
Better polishing for il el have a way to make upgrade - even if it is 3G datectors is driving

everything just Yikely' 1o make an improvement. This is

noise as it impacts on the

N et T Point prevented by resource limits - so lets the overall mechanical
light 2t the level of the mirrors by Absorber/Mirror figura out how to get some additional design of suspensions and
tightening the roughness specs Imperfections + resources (more commission team, better payloads

DARM LSC/ASC development facilities, mare $5)

&1 Residual Motion > P
Excess unmodeled
ML+out-of-loop sensors Length noi
ength noise on simulation of the Random memo on
The problem with the in-loop output the choice of

- . control loops
SBNsSors is that in a complex

system it is difficult to attribute {Pé::g::;eﬁ::;?;;.m including the noise s"IsPen_s‘on chains
their readings to any particular contrast defect generators It seems it would be
procass, this is why out-of-loop embedded in: where inherently difficult te damp
Sencors are so useful — thay are we are? mechanical resonances in

the complicated
suspension chain itself
without affecting the GW
obs freq band, even
fargetting about the global

just easier to understand. This
extends to the simples sensors
possible (seismometers an the
floar, door sensors, fan on/foff

Feed-forward from
facility sensors to
isolation

Are the residual

sensors, maybe even cameras

etc.), The problem is that it MICH / SRCL ASC laop; sometimes

required a lot of humanpawer to Implement arrays of couplings understood [ some of the remnant or
tall h 'work and thi Mmatien/retation sensors in 1 "overlooked” mechanical

install such a network and then the bulldings and feed physically? eriooke: o =

implement models to search for resonances would be
the correlation between the
“difficult” in-loop sensors and the
“easy” out-of-loop onas, which
was also hardly an exciting
scientific problem, so it was
difficult to find people to do it. But
now we can do it easily with ML,
and it is interesting so thera will
be peaple willing to do it. We just
need to install a network of out

forward to isolation
systems via ML-identified
MIMO xfer functions

we believe BHD should
help, but maybe it is not
enough

dampead with the ASC
loop, and that would make
contamination at GW obs
band as well. So the
suspension should not be
so complicated. If
possible or feasible, I like
the idea of vibration-
Isalation tables with nice
inertial sensors and nice
low noise actuators

Do

HoJo

ASCvsLSC

ASC nolse Improvements
seem 1o and up being
“move the UGF down" so
we can just get it out of
the band. This cannot be
for LSC, but if feedforward
fails, how can we mitigate?

of-loop sensors and call the
computer scientists. Then we'l be

(displacement act. for OC
etrl, weak but speedy act
for damping). For 10-km
scale future ones, it might
be required to consider
tidal control with
additional tidal
interferometer(?). SPT
would be also nice idea.

able to find correlations between
the complicated ifo signals and
simple sensors about what
happens in the room.

the necessary methods.

Heavy SUS as soon
as possible

Do we really have to wait
2030 to upgrade the
suspensions? Can't we da
it sooner? Main benefit will
be reduced control noise

Continue to have
sessions like this at future
GWADWS.

Sense as many
DoFs as possible.

1f something is unsensed
how can we find out what
it's doing, and if it's
limiting DARM.

Co-Design IFO/ITF
systems to reduce
scattering.

Design the 1SC system)s,
and optical paths with
scattering as a
fundamental issue - both
small and wide angle
seattering. This desian
should be from the ground
up - nat after the fact,

| Eiauithebiatat
possible.

Try 10 remove/suppress
low frequency noise, at
the earllest stage, and
lowest fraquency as
possisle.

Controls co-design
of SUS, and ISI/SAT
systems.

Simple to control SUS/PAY,
and ISLISAT systems will
simplify commissioning,
and clarify how auxiliary
DoFs feed into DARM.

Excess Suspension
Thermal Noise

Bond Losses on the
mirrors coupling systems
with the suspension
wires.

Effects of defects on ears

and anchors: violins
quality facters can be
uged as diagnostics.

Bond losses at the level of

the marionetta: still on the

violing quality factors, but
they can be disentangled
from the bonding on
mirrors, by comparisons
on the mirror bulk guality
factors.
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A few numbers Elba 2023

e 189 participants, 50 women, 139 men
e 37 early career scientists, 10 women, 27 men

e About 140 abstracts sorted by 30 conveners, 9 women, 21 men
e 89 speakers for 30 hours, 22 women, 67 men
* 64 posters listed, 40 printed on site, 3 hours dedicated to posters

e 14 children



Many people contributed

International Advisory Committee
L.Barsotti (MIT), S.Ballmer (Syracuse),
M.Barsuglia (APC), B.Berger (Stanford),
K.Dooley (Cardiff), V. Fafone (Rome), S.
Hild (Maastricht), S.Kawamura (Nagoya),
K.Kokeyama (Cardiff), D.McClelland
(ANU), M.Mantovani (EGO), J.Mclver
(British Columbia), M.Punturo (Perugia),
P.Puppo (Rome), D.Reitze (Caltech),
S.Rowan (Glasgow), R.Schnabel
(Hamburg), D.Shoemaker (MIT),
J.Steinlechner (Maastricht), B.Willke (AEI)
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Elba 2023

Conveners

Rana Adhikari, Nancy Aggarwal, Koji Aral,
Yoichi Aso, Matteo Barsuglia, Marica
Branchesi, Daniel Brown, Elisabetta
Cesarini, Yanbei Chen, Shtefan Danilishin,
Katherine Dooley, Jenne Driggers, Viviana
Fafone, Hartmut Grote, Stefan Hild, Selji
Kawamura, Kevin Kuns, Kirk McKenzie,
Shinji Miyoki, Conor Mow-Lowry, Barbara
Patricelli, Paola Puppo, Alessio Rocchi,
Daniel Sigg, Bram Slagmolen, Kentaro
Somiya, Jessica Steinlechner, Sebastian
Steinlechner, Michael Tobar, Gabriele
Vajente, Kazuhiro Yamamoto
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Scientific Organizing Committee
e Rana Adhikari

 Marica Branchesi

e FF

e Shinji Miyoki




GWADW

(1))

Without them, it would not happen Elba 2023

Scientific Secretariat
Lucia Lilli, Claudia Tofani,
Glacomo Betti

IT: Gabriele Lo Re

EE: Maurizio Garzella

Local Organizing Committee
e Lorenzo Bellizzi

e FF

 Maria Antonietta Palaia
 Lucia Papalini

e Barbara Patricelli

e Massimiliano Razzano
 Michele Vacatello
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