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Ground-based GW Detectors
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Ground-based GW Detectors — DRFPMI
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Ground-based GW Detectors — DRFPMI + SQZ
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Ground-based GW Detectors — DRFPMI + SQZ + FC
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M. Tse, etal., PRL. 123, 231107 (2019)

Reference (without squeezing)

1.8 ‘— = Quantum noise model (without squeezing)

L5 x103

[N}

1.6 === Quantum-enhanced sensitivity
: Sum of non-quantum noises
1.4 f

L1 Strain noise (1/Hz)

0.6

!
[ SR1 Squeeze
0.4 -
().3 * = = = \} t : : = : . Phase _|
30 100 Frequeney (Hz) 1000 shifter
4\
Readout 4 Readout ‘—i:\ EESE SRM
Antl‘SQZ vy SQZ ~ 4
| I O i i fio B d By H |

30 100 1000 3000

Frequency [Hz]
Ph;se
squeezing .

BHD

Amplitude
squeezing

Filter Cavity



2nd Generation GW Detectors
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3"d Generation GW Detectors

Einstein Telescope Cosmic Explorer

C.@C
EXPLORER

neXt-Generation Collaborative Design (XGCD)

hitps://indico.gssi.it/e/xgcd

e ET-CE technical discussion on topics of common interest
e Optical Design and Straylight mitigation discussed so far

Credit; Lisa Barsotti
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Cosmic Explorer

A Submission to the NSF MPSAC ngGW Subcommittee

Long Crab 1 v [ Long reverse aLIGO
MX1

Quality of Life Index
+ Climate Change & Extreme Events
« Human H

Geographic Informatign;%stem (GIS) \ - Credlt L BaI’SOttI




Cosmic Explorer

What are the steps for Cosmic Explorer? (Dawn V 2019)

Horizon planning (3G Design NSF award in 2018)
Cosmic Explorer White Paper (3G Design award product)

Community endorses the WP (through Dawn meeting?)
NRC report based on CE WP and GWIC reports
MPSAC subcommittee reviews NRC report

Physics Division develops a written plan for MPS approval
NSF Director decides to authorize CD funding

3 years (2021)

Y year (2021)

1 Y2 years? (2023)

Ya year (2024)

Conceptual Design period
Preliminary Design period award
NSF approves submission to NSB
Final Design period

NSB prioritization

OMB/Congress budget negotiations

Congress appropriates MREFC funding (2032-37)

2-3 years (2027)
2-3 years (2030)
Y2 year (2030)

2-3 years (2032)

14 years (2032)

Credit: P. Marronetti (NSF gravity program director)
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CEHS (2021)

Dawn VI (2021)
Bypassed
ngGW (2024)
In the works

In the works

Support started
in 2023 ($8M)
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Einstein Telescope — Design ET e
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EINSTEIN

Einstein Telescope — Design .
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Einstein Telescope — Design Trades ET e

TELESCOPE

. } - " Various bottom access cleanrooms in current design,
Various Alternative Layouts are Belng Studied LF filter cavity in a separate 5km tunnel

Lateral access cleanrooms to aid with flexibility,
LF filter cavity in a combined arm tunnel
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Einstein Telescope — A vs. 2L

Two scenarios
 Dof10 km
 Dof15km

Mar Baltico  Estonia

Lettonia
Mar del Nord

Two scenarios : Deniars Yituania
Regno Unito

« 2Lof15km

2L of 20 km T Paesi Bassi o Polonia Bielorusg

Lon@dra - Berlur’vo Varseawa
Germania
Belgio
Parigi Cechia
® Slovacchia
Austria nr Moldavi
Francia Lnguecs
Romania
Croazia
Serbia

Italia

i i ° oma Bul: i
2L misaligned of 45 Portogallo Mogre o8 ulgaria

(e}
Mar Tirreno . Istanb
Lisbona Spagna Grecia
®

Mar
Tunisia Mediterraneo

lournal of Cosmology and Astroparticle Physics
An |IOP and SISSA journal

Science with the Einstein Telescope: a
comparison of different designs

« Triangle 10-km arms (1 site)
« 2L15-kmarmsat45 ° (2 sites)




Einstein Telescope — Science ET e

DIV2: Cosmology

DIV3: Population Studies

DIV4: Multimessenger
Observations

DIV5: Synergies with GW
detectors

DIV6:Nuclear Physics

DIV 7: Stellar Collapse
and isolated NS

DIV8: Waveforms
DIV9: Common Tools

DIV10: Data Analysis
MDC



Einstein Telescope — Science Impacts N““{f‘

Detection horizon for black-hole binaries

Years after the Big Bang
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Einstein Telescope — Science Impacts
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Einstein Telescope — Milestone

Eu 2an Strategy F
e ET in the ESFRI Roadmap

Svezia Finlandia

[ —— Norvegia

Q Lituania
Regno Unito ommenaca” ® 5
S e " A Bielorussia
é 99 3 Polonia Q) .
'he project and the é)g P S era
ollaboration activities PR
now also include Sl Q )
agencies and institutions Francia Q) svue Romania
belonging to: LT S Rt
Large preparatory funds * Austria Syao., S
available in some country (IT, France : T Yt
NL, ...),Iz_an I;ZU INFRA-CI;)E\.{(h Germany » 5 8 v 0 ) o
roposal just approved wi . agna o orecs
PrOPOsatIUSt app Hungary spagna Q40 Q 63 -

a grant of 3.45M€ and an EU
INFRA-TECH proposal has
been just submitted

Switzerland
UK
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Einstein Telescope — Site Candidates ET e
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Presentazione della candidatura italiana per Einstein Telescope
Palazzo Chigi =
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Roma, 06/06/2023 - Il Presidente del Consiglio, Giorgia Meloni, interviene alla presentazione della candidatura italiana per Einstein Telescope, la futura grande infrastruttura di ricerca per la rivelazione
delle onde gravitazionali. Levento si tiene nella sede dell'INAF Istituto Nazionale di Astrofisica.
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Einstein Telescope — Site Candidates ET\E'“STE'N

TELESCOPE

Borehole seismic data (1yr)
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Einstein Telescope — Collaboration

\*‘» Kanada

Mexiko

Kuba
Puerto Rico
Guatemala
Nicaragua
Venezuela
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« 257 institutions

« 30 countries

¥ Indien

EINSTEIN
‘.-( 2 I: - -- -

Russland

Sl.(h\;(é ba "@

©

TMyanmar,
(Birma)

Thailand.

Vietnam _Philippinen

Malaysia

Indonesien

Papua-Neuguinea

Neuseelan



=
L
T
)
’
L

1748

1730
1713
1685 1704 1706

1682

Einstein Telescope — Collaboration
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Einstein Telescope — Timeline

EIN S'I:E‘I N
TELESCOPE

E T‘ * Tentative schedule

nommmmmmm‘m
O o ESRIsaws

CDR  ESFRI proposal I
2011 2020 I
|

- Enabling technologies development |
Sites qualification -, Site decision |
Cost evaluation S g O :
Building governance I
Raising initial funds :
Raising construction funds I

Committing codstruction funds :

Pre-engineering studies I
~» Rloperative TD -+ ETRIconstruction |

~——+ Detector operative TD ~ 1 ETITFs construction :

ET installation I

Commissioning IIESEED

ESFRI Phases: Design Preparatory Implementation Operation

28



Einstein Telescope — R&D

E T ‘ EINSTEIN
TELESCOPE

ET-PATHFINDER

« New facility for testing ET-LF technology in a
low-noise, full-interferometer setup

« Key aspects: Silicon mirrors (3 to 100+kg),
cryogenics cryogenic liquids and sorption
coolers, water/ice management), “‘new”
wavelengths (1550 and 2090nm), coatings
etc

- Start with 2 FPMI, one initially at 120K and
one 15K (2022+)

« >20 partners from NL/B/G/FR/SP/UK
« Initial capital funding of 14.5 MEuro

» Detailed Design Report available at
apps.et-gw.eu/tds/?content=3&r=17177

« Open for everyone interested to join
« For more information please see:
www.etpathfinder.eu

CREDIT: S. Hild

terreg @ ©

Vlaanderen-Nederland

Fonds voor

Inverted pendulum 2

Active platform

rtower Inverted pendulum 1

Vacuum System of 130 cubic meters.
Vacuum system EU tender completed.
Vessels in production now.

First tower acceptancet&ss (18-9mbar) in July
First tower delivery scheduled for 4. August 2021
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Einstein Telescope — R&D
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ET Structure

ETO: ET Organization
ET Proto-Council

ESFRI BGR

Coordi nators Board of Government Representatives

S. Bentvelsen BSR

A. Zoccoli Board of Scientific Representatives

ET Project Directorate

A.Freise, F.Ferroni
M. Martinez

External
Advisory Bodies

Administration
Offices Engineering Project

Communicationll BREGEELE Office
Office

Projects

Infradev ET-PP
Implementation
plan of ET
Observatory
M. Martinez
(Managed by
Project Directorate)

ET Collaboration

Spokesperson: M. Punturo CB
Deputy: H.Luck Collaboration Board

EB
Executive Board

Design of ET

Vacuum Pipe

P. Chiggiato
(CERN coordination)

ISB

Instrument E-Infrastructure
Science Board Board

0SB SPB/SCB
Observational Site Preparation/
Science Board Characterization

Civil Engineering
(CERN advisory)

National Host Teams

EMR PN

Host Team

Sardinia
Host Team

Private companies Private companies

32



Instrument Science Board (ISB)
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ISB > Optics > Squeezed Light Working Group

Sungho Lee, Chang Hee Kim, Kyungmin Kim,
Byeongjun Park

« Global design subgroup
« EPR simulation subgroup

Young-Sik Ra, Geunhee Gwak, Byeong-Yoon Go
« Squeezed light source (1550 nm) subgroup

June Gyu Park

» Global design subgroup
« PyGWINC simulation subgroup

Noise [dB]

Soojong Pak, Hojae Ahn, Sumin Lee

« Global design subgroup




ISB > Optics >
Input Output Optics / Wavefront Sensing & Control

Soojong Pak, Hojae Ahn, Sumin Lee

* Input Output Optics working group
- Wavefront Sensing and Control working group

Sungho Lee
« Input Output Optics working group

Q_/ Mode Cleaner 3km L
PRM PR = ITMY
psL s —U?D mhix ETMIX
A\
IFI o BS W 3km D
Output Optics | .;.SRZ




ISB — Optics— Core Optics Working Group (HF/LF)

Kyung-ha Lee

« Atomic structure characterization research for

RT and cryogenic coating potential candidates

e Atomic structure characterization via TEM

- Adapting the approach we have established in past 3 years to find the optimal
coating candidates for ET-HF which will operate in room temperature condition
and ET-LF which will operate in cryogenic condition

 Interface study

- Investigate the fundamental reason for the discrepancy between single layer loss
and multi-layer loss

- Potential diffusion of particular elements across the interface between each layer

36



ISB - Interferometer - Noise Characterization

*
i
i
H
"

0 X & @ W m

Kujin Kwak, Kihyun Jung, Woojin Lee

« Experienced with KAGRA Detector Char.
« Glitch finding, classification, elimination

s =2 B =

Ths nage wst likely belengs to Spire vith a 55,15 percent confidence, ’

0

[ ]

Young-Min Kim
« Experienced with LIGO/KAGRA Detector Char.
« Collaboration with the UNIST group

This ivie nost likely belogs to Spre with & 6 60 perent omfidce.

Current Process

1 I i = iigﬂal ‘l Classification of glitch ‘ AT Sl el
 Trying to introduce Al in the gitch ocurence [N O Yl (veneoven Cancellation
glitch classification

Apply Filter

_

Identification through

* In the future, it is possible to Al Taiing Al
contribute to the detector
characterization for ET that
will be built similar to the
KAGRA environment.

Denoise
(DQ Flag Creation Dentification of Types

and Application and Causes of Noise Use to ET
through Al)

Discover New Noise
Sources with Al

37
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Observational Science Board (OSB)

'
>/

Chris v.d. Broeck
Paolo Pani
Raphael Porto

'y

Cosmology

Archisman Ghosh
Angelo Ricciardone
Mairi Sakellariadou || Antonio Riotto

Population
Studies

| Giulia Cusin
Michela Mapelli

Marica Branchesi - Michele Maggiore - Ed Porter

MM
observations

Stephen Smartt
| susanna vergani

I Giancarlo Ghirlanda

Synergies

w. other
GW observ.

Nelson Christensen
Samaya Nissanke
B. Sathyaprakash

Nuclear
physics

Tim Dietrich
Tanja Hinderer
Michaela Oertel

Marie-Anne
Bizouard
Enrico Cappellaro
Pablo Cerda-Duran

Laura Bernard
Harald Pfeiffer
Patricia Schmidt

Science

Potential

Michal Bejger
Ik Siong Heng
Andrea Maselli

DA platform

Chris v.d. Broeck
Elena Cuoco
Tania Regimbau

1

Dark Energy

Estimation of
cosmological
parameters
Meadifications
of gravity at
cosmological
scales

Stochastic
background of
cosmological
origin

Predictions of
population of
astrophysical
origin
Predictions of
primordial BHs

Stochastic
backgrounds of
astrophysical
origin

ET / high-
energy

ET / optical

ET / radio

neutrinos

oo )
Synergies

with 2G+
detector
)
Synergies
with CE, 3G

—
)

Synergies
with LISA

—

EoS of NSsin
isolated
systems

EoS in NSsin

binary

systems

Nucleo-
synthesis in
BNS mergers

f*
Predictions
for

Supernovae
Predictions

for

\ magnetars )

Predictions
for cosmic

string bursts

Waveforms
relevant for
ET

Improvement of
waveforms for
BBH

Improvement of
waveforms for
NSBH

Improvement of
waveforms for
BNS

Science
potential for
various
detector
configurations

Common tools

DA platform
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OSB - Division 3 - Population Studies

Chunglee Kim, Sumi Lee, Seohyun Park

« BBH populations of astrophysical origin
* BH mass spectrum and BBH formation

ET will be sensitive to observe

massive BBHs than those 100 ~
detectable by LIGO-Virgo- ]
KAGRA detectors

« Mass of ET sources: O(1) ~ 10 A
0O(10,000) of Msun ]

» Redshift : up to O(10)~0(100)

Redshift

= LIGO A+

= Voyager

w= Cosmic Explorer
== Einstein Telescope

—> Participating in the ET Blue
Book (science cases)

0.1

- ET mock data challenge 1 10 100 1000 10000

Total source-frame mass / Mg,
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OSB - Division 7 - Stellar Collapse and Isolated Neutron Stars

Kujin Kwak, Kihyun Jung

« Numerical method developed for the relativistic photon :3
radiative transfer - Neutrino transfer during the core
collapse

Young-Min Kim, Jinho Kim

« Numerical simulation for EOS of neutron stars
« Collaboration with the UNIST group

 LMXBs (Low Mass X-ray Binaries):

« XRBs (X-ray Bursts), Superbursts, Evolution and population studies in
collaboration with Ewha and IBS/CENS

« Stellar evolution (SE) of massive stars with MESA (public SE code)
* Pre-supernova models with different conditions

« Predicting neutrino fluxes as well as GW signals

40



Korean Group in the ET Collaboration

i ET Membership
Korean Research Unit

v 20 members from 7 institutions .
(KASI, KAIST, KHU, UNIST, EWU, SKKU, Yonsei) Zs

ca, 300 FRTEs
(FRTE # FTE)

v KGWG: 68 members (2024-09-19) "=
v' 14 members in 2022, at the start of the ET &

Collaboration s gt
v NIMS group will join soon! o G mmberit







