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Group composition (2026)

Not listing IFAE Technical Division /| Computing staff
IFAE @ Virgo since 2018

IFAE@ LIGO since 2024 Three tesei23

STAFF RESEARCHERS

. hen industry + research positions
2 @ & @ (&  FAE @ETsince 2019 T Y + research positions)
\ A A » (A. Romero now staff in Annecy)
Matteo Cavalli- Eugenio Coccia Andrew Mario Martinez Lluisa Mir '5‘
Sforza = U i@®E Lundgren - Lir0er - Lir@rP =
- i @P = i @ .
VISITOR RESEARCHERS e

@ Prof. M. Maggiore (ET spokes person) LIS, FENINEY sdciatike e
. ag . ' - @ E - 9
Michele visiting in 2024 & 2025 — and 2026 e
posm;e;:acms Part of IFAE’s technical staff @ EGO in 2021] |Two PhD theses in 2025
Now at MIT and Niels Bohr Inst.
3 —> Two new postdocs coming (June - September)
bl e —> Headhunting for a junior leader (experimentalist)
= Lir0r

Avani Patel Kanchan Soni
PHD STUDENTS

8 © & & @

Five PhD students
One new PhD students coming

> 3

Catalina Dounia Sakshi Satish Leonardo Toti Elisabet Vallejo

Miritescu Nanadoumgar Madekar - Pages
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IFAE’s R&D for LVK & ET

- 12024/6 DESIGN STUDIES AND BAFFLES FOR p
ET VACUUM PIPE @ CERN

IFAE has made novel contributions to GW hardware since 201 9
MoA with CERN for the Design of the ET Vacuum System
Active participation in the flagship R&D platform @ Maastricht
Close collaboration with USA in common ET/CE strategies
Participating in a number of EU initiatives for EC fundings

2026 TWO LARGE INSTRUMENTS
AT VIRGO-EGO @ IT

LIGO Hanford Ob:



LVK operations and commissioning

IFAE took an energetic approach for the
involvement in VIRGO operations since 2019

2025 —> 1 person @ EGO

Work on Auxiliary Optics and

2019 Results Published interferometer alignment in collaboration with
A Cirone et al 2019 Class. Quantum Grav. 36 225004 EGO Optics Department
l. Fiori et al., Galaxies 2020, 8(4), 82

2024 —> 2 +1 people @ EGO
IMC baffle operations

ITF commissioning & h(t) calibration
Magnetic Injections

2021 + 2023 > 3+1 people @ EGO
IMC baffle operations

ITF commissioning & h(t) calibration
Magnetic Injections

_ it \ |

2019. > 3 people based @ EGO
2020.ITF commissioning /Noise hunting
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PIC
port d'informacio
cientifica

Computing resources for VIRGO/LIGO at PIC

Joined the LIGO/VIRGO Grid in Summer 2019.

Effective site integration from day 1 thanks to common sw stack
with other supported experiments: LHC, DUNE, CTA

CPU and GPU access through HTCondor. Transparent & efficient
access to sw and data through CVMFS (recently moved to
Pelican)

VA

== ND_CAMLGPU 173 K

Overall contribution to IGWN Grid since Jan’24 (data from pic 142 K

G RACC) SDSC-PRP-0OSPool-Provisioner 138 K

i -= SURFsara 131K

o o) == ComputeCanada-Cedar 130 K

6 /O Of the CPU = LIGO-CIT-CE M2 K

== Georgia_Tech_PACE_CE_LIGO 71K

e 14% of the GPU — LSU-SuperMIC-CE1 42 K
Opportunistic resources only

== Albert Einstein Institute 12 Mil

NIKHEF-ELPROD 12 Mil

. . . . . . CHTC 11 Mil

PIC high-quality contributed to LIGO/Virgo Grid since 2019 T o i

—> Repeating efforts to translate this into recognised in-kind S e

—> Recently hired a Comp Scientists at PIC working for LVK support — ComputeCanada - Cedar 6 Mil

- USdC 6 Mil


https://gracc.opensciencegrid.org/d/ujFlp3vVz/gpu-payload-jobs?orgId=1&var-VOName=All&var-Project=LIGO&var-Facility=All&var-ExitCode=All&var-Probe=All&var-interval=1d&from=1704067200000&to=1748735999000

IFAE Physics Analysis @ LVK & ET papers

« A rich physics program using LVK data including a number of short-author list Q1 paper [not listing here LVK papers with many authors]

e Stochastic GWs
o A.Romero et al., Phys. Rev. Lett. 126, 151301 (2021)
o A.Romero et al., Phys. Rev. Lett., vol. 128, 051301 (2022)

o Test of GR & Cosmology using GWs
e G. Caneva et al., Phys. Rev. Lett. 132, 251401 (2024)

« S. Mastrogiovanni et al., Annalen Phys. 536 (2024) 2, 2200180

e R.Grayet al., JCAP 12 (2023) 023.
e S. Mastrogiovanni et al., Phys.Rev.D 108 (2023) 4, 042002

« Search for CBC events using Al
« A. Menendez et al., CQG 41 135018 (2024)

e M. Andres-Carcasona et al., Mon. Not. Roy. Astron.Soc. 527 (2023) 2, 2887-2894
e A. Menéndez-Vazquez, et al., Phys. Rev. D 103, 062004 (2021).

e Search for Dark Matter and PBHs
e M. Andres-Carcasona et al., Phys.Rev.D 107 (2023) 8, 082003
e« M. Andrés-Carcasona et al., Phys. Rev. D 110, 023040 (2024)
e G. Morras et al., Phys.Dark Univ. 42 (2023) 101285

« Also a number for. Hardware and Simulations for both Virgo and ET

« M. Andres-Carcasona et al., Phys.Rev.D 107 (2023) 6, 062001
M. Andres-Carcasona et al., Phys.Rev.D 108 (2023) 10, 102001
A. Macquet et al., Class.Quant.Grav. 40 (2023) 7, 077001

O. Ballester et al., CQG 39 (2022) 115011

A. Romero-Rodriguez et al., Galaxies 10, 86 (2022)

A. Romero-Rodriguez et al, 2021, Class. Quantum Grav. 38 045002

IFAE members also playing important roles in some of the O3 and O4 LVK analyses
e Main contacts in Stochastic GWs in O3
* Main contacts in pyRing (ringdown analysis) & beyond GR analyses
* Main contacts in a number of Continuous GW searches
* Main contacts in Cosmology (measure of HO) O3 analysis + H2 weights for O4

= = NSy . : .
GW team very visible in numerous |82 g= G fites o - o W= _x g

int. conferences and workshops
across the years
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Equity, Diversity and Inclusion
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Alba Romero-Rodriguez winner of
the 2023 Virgo Awards

Gravitational Waves Group

Alba Romero-Rodriguez (former PhD Student at IFAE and now at the
Vrije Universiteit Brussel) is one of the wiiners of the third edition of
the Virgo Awards

The Virgo Award Committee recognized her activity during her PhD at IFAE
within the search for the stochastic background of gravitational waves within
the LVK collaborations, from modeling and development of novel data analysis
strategies all the way to instrumentation.

The Virgo Awards are given by the internationg - (SR =
o e oo | NNOW Wit staff position in Annecy
to the operation of the experiment and to the r

AMERICAN PHYSICAL SOCIETY
EDITORIAL OFFICE

1 Research Road * Ridge, NY 11961 e https://journals.aps.org/
(631) 591-4000

Physical Review Letters«Physical Review ¢ Reviews of Modern Physics PhyéTc"s

Dear Sir or Madam,

We are pleased to inform you that the Letter

Search for a scalar induced stochastic gravitational
wave background in the third LIGO-Virgo observing run

‘ Alba Romero-Rodriguez et al.
; Phys. Rev. Lett. 128, 051301 (2022)

Published 1 February 2022

has been highlighted by the editors as an Editors’ Suggestion. Publication of a Letter is

IFAE papers as PRL and PRD editors suggestions

Editors' Suggestion

Constraints on primordial black holes from LIGO-Virgo-
KAGRA O3 events

o e

M. Andrés-Carcasona, A. J. lovino, V. Vaskonen, H. Veermae, M. Martinez, O. Pujolas, and
LI. M. Mir

Phys. Rev. D 110, 023040 (2024) — Published 30 July 2024

Primordial black holes are one possible formation channel for
the binary black holes observed by LIGO-Virgo-Kagra. The
authors perform a data analysis of the O3 events to infer

stringent constraint on the primordial black hole abundance in a
wide mass range. Furthermore, they show that this result is

robust with respect to astrophysical modeling.
Show Abstract +




Highlights of (recent) Results

With IFAE scientists at the front

Primordial BH
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Phys. Rev. D 103, 062004 (2021)
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lvkmeeting2024.ifae.es

Barcelona, September
23rd — 27th, 2024
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The Emstem Telescope - https://www.et-gw.eu/

Gravitational Waves detector -,
based on laser mtenﬂe(ometry
with 10 - 15 km arms underground

. Large UI—'IV.vo‘Iumes
Cryogenics

Lase and p_[emse optics

- High preecision mechanics

> Low noise controls

igh qu"Wopﬁ electronics

lanova we ve optics
nnovative IR detection

Detection horizon for black-hole binaries

Years after the Big Bang
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The Einsteln Telescope

What. when. where. how much —

p D 2021 > 2022 > 2024 D 2025 ) 2026 ) 2028 ) 2030 D .. > 2035 4
O

ESFRI proposal

£ Ne |
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Sites qualification Site decision

T

Cost evaluation

Building governance

Raising initial funds
Raising construction funds

Committing construction funds
Pre-engineering studies

» Rl operative TD » ET RI construction

- Detector operative TD - ET ITFs construction

ET installation

Commissioning CEINSIED

ESFRI Phases: Operation

Preparatory Implementation

ET Estimated Costs (M€)

\zo, 1%
N

2000M€

0,
125, 7% “ Tunnel

& Surface Lab

781, 45%

Underground Services

566, 33% “ Direction

. -

“ Vacuum Systems
Optics & Lasers
Suspensions
Cryogenics

Installation

As first estimated in 2021

Three sites formally expressed
Interest in hosting the infrastructure

@ Limburg area
(border NL-B-D)
-> Promoted by Nikhef
[About 900M<€ secured]

@ Sardinia
-> Promoted by INFN
[About 1300M<€ secured]

@ Lusatia/Saxony
-> Promoted by DESY

The three sites carrying out a full program of site
characterization, noise evaluation, geology, costing,
socio-economic impacts, sustainability, etc..

ET is evaluating the possibility of building a distributed
2 L 15km arm configuration instead of a single
triangular 10km arm — work ongoing to compare options

Current timeline

« Site characterisation work finished by end of 2026 — tenders
« Site(s) decisions expected by end 2027
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o [T unding & tender opportunities AEESCNON A 2 B RS
Commission | Single Electronic Data Interchange Area (SEDIA) »)%s\\\\\\\\\\m
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4 | SEARCH FUNDING & TENDERS ¥ HOW TOPARTICIPATE ¥ PROJECTS & RESULTS WORK AS AN EXPERT
Einstein Telescope ‘f
Preparatory Phase

Preparatory phase of new ESFRI research infrastructure projects | 1o izon-INFra-2021

Goals for ET Preparatory Phase
Governance é? ‘
Financial architecture/plan/framework

Industrial Returns and KTT
ET legal entity 12M€

Final ET design and cost evaluation (total value)
Site or sites selection uctures landscape, m
Construction funding

User services Type of

Computing model 3.45M¢€ ased

Sustainability

Deadline -‘/kym
single-stage 30 September 2021 20 Januq ©

Einstein Telescope Preparatory Phase (ET-PP) in 2022 - 2026 — —
HORIZON-INFRA-DEV EU Project coordinated by IFAE This is an intense activity with large

international visibility
-  https://etpp.ifae.es —> 6 months more — 4th annual meeting in BCN last week



https://etpp.ifae.es
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5 ET stray light simulations

Laser
1550nm SRM

Squeezer pp

-

Low Frequency
ITMy
PRM BS

: p0¢ L
— .. P LA, Squeezer

\

ET
High Frequency

ETMy

ITMx ETMx

Laser
1064nm SRM
Filter cavity 2

...........

r[ Optical element,

Laser beam 1550nm \

i§ Optical element,
Fused Silica, I Silicon, Laser beam 1064nm
\ room temperature B Cryogenic L e emeeea squeezed light beam j
[FO A mode | mirror @ Rc W 20 W g—factor
ET-HF | 1064 nm | TEMy 62cm 5070m | 1.42cm | 5000m | 12.0cm 0.95
ET-LF | 1550nm | TEMgo 45cm 5580m | 29cm | 5000m | 9.0cm 0.63

Detailed simulations of the light propagation in the optical cavities
—> Crucial input to determine tune diameter [huge impact on cost]

Determines t
Determines t

Determines t

ne mitigation strategy for reducing stray light noise
ne baffle requirements (dimensions and optical specs)
ne distribution of baffles in the 10km and 15km arms

—> Possible thanks to close relation with Caltech - LIGO since 2020

—> Running common ET/Cosmic Explorer meetings on Stray Light Control

IFAE recognised now as the reference inside ET for these aspects
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M. Andrés-Carcasona et al.,

Phys. Rev. D 108, 102001 (2023)

M Andrés-Carcasona et al 2025 Class. Quantum Grav. 42 215021



IFAE @ LVK&ET Organization S Y

L

2024/5 IGWN Sessions

ETO (ET Organisation) ET Collaboration

f—

Board of governmental representatives

Collaboration board = FAE [3
Board of SCIe.ntlfIC Cootdinatocs
representatives
Executive board
ET Directorate Il IE n. =
17 |
> Specific boards
) IER = IER =
Project office Sl . b
] department ISB OSB A pot dinformacid
Administrative
office SCB SSB

IFAE is central in LKV & ET Governance

® Part of ETO Directorate and Coordinator of ET-PP EU project
® Chair of the ET Collaboration board (until end 2025)

® Convener of Virgo - SLC WG ; Programme Committee

® Co-convener of ET-SLC WG (until 2021 — fall 2025)

® Co-chair of the IGWN design committee

IFAE is member of the ETO funders group & ET-COMPASS

Collaboration Agreement

oncernin

IFAE — CERN MoUs on Vacuum and Civil Engineering work

PPPPP




New competences in advanced optics

Some key ideas for 2026—27 — Initiating close collaboration with the

UPC Applied Optics Engineering Dept.

Use the imminent Virgo upgrade as a unique opportunity and as an advanced R&D platform to increase the experimental
Communlty working on Gravitational Waves and the capaC|t|es of the Spanish industry in preparation for ET
— this is relevant for ET-HF & ET-LF

Stray light control — already happening
Payloads for the main mirrors

e Control systems for the mirrors

Get involved in the flagship ET R&D platform for d'evelopment thenew Cryogenlctechnology for ET—LF
— also opens possible involvement in the ET cryotraps

IR W iececsy
) -_—

Cryogenics — already happening

L N
T

0

Stray light control in cryogenic temperatures @ 1550 nm

A -
B ‘:/« R
i

* Participation in EU INFRA-DEV and INFRA-TECH calls for R&D

Maintain IFAE a central player in the ET Governance

ETO Work Plan for ET ESFRI Project

ETO Membership Organisational Communications and

. " Enlargement and Development and Public Affairs
« ET-PP Coordination St Enpenen . Sonaneoa 10

WP2 and WP3 WP1, 2and 3 WP1 and WP3
T2.2,731,T3.2, T3.3 T1.1,T22,T2.4 T1.2,T3.2and T3.3

ET-COMPASS activities on ET cost and risk evaluation

ET-wide Project Management — WP2 / T2.1

‘ Technical + Costing ‘ Risks

Desi;n | Civilref. WP2.723 || wp2 T23
documents ‘ ' :

Detector
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We are excited to explore potential synergies in the GW field with you



