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9 In operation

9 Under construction
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GW detectors network

* Increase the detection confidence.

* Source parameters inference (inc. sky
GEO location and GW polarization).

* Astrophysics of the source
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Observing runs
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{(@}} O3 outstanding events

* GW190412: first observed BBH possessing unequal mass ratio

- Masses: ~3, ~¥8 Mg
- First observation of GW higher multipoles (I = m = 3)

- [Abbott et al., Phys. Rev. D 102, 043015 (2020)]
T x < 0.89 (\
*  GW190425: BNS merger of total mass of ~3.4 M, I | \
- Significantly larger than any other known BNS system ~5 ' | |
(50 from mean of Galactic BNS) *é o /
- [Abbott et al., ApJL 892, L3 (2020)] E 4 _
(D _"\.‘_ /
S0 23 2k 2% ?;‘.t‘fn-” 325 350 375 400
Mior (M)

®* GW190814: the most asymmetric mass ratio merger ever observed

- (m1/m2=9)
- The secondary mass of 2.6 Mg, lies in the lower ‘mass gap” = either the lightest BH or the heaviest NS
ever observed

- [Abbott et al., ApJL 896, L44 (2020)]
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{(@}} O3 outstanding events

®* GW190521: BBH with component masses ~66 and 85 M, = final BH of 142 M,
- First observation of an intermediate mass BH (M;> 100 Mg,).
- First observation of a BH in the (pulsational) pair instability upper mass gap 65- 120 M.
- Farthest source so far (z~0.8)

- [Abbott et al., Phys. Rev. Lett. 125, 101102 (2020)] 200 . Lo 4 GRE
S
- [Abbott et al., ApJL 900, L13 (2020)] )
%1 MASS GAP { I }
. . G s A A2
*  GW200105 & GW200115: 15t unambiguous detection of s ¥ 1
: I &
NSBH (2 event candidates) 01 |
- [Abbott et al., ApJL 915, L5 (2021)] {
10
8 f f 3 final BH
#  BBH components
5
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Gravitational-Wave Transient Catalog

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars
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Binaries detected, so far = Astrophysics, cosmology, test of GR and fundamental physics
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Legend

@ Detections
Binary black hole
Binary neutron star

3e+2|  Massgap
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Neutron star - black hole

A glance at the detections

http://catalog.cardiffgravity.org/

* Total masses of BBH systems from 14 M, for
GW190924_021846 to 150 M, for GW190521

® This catalog includes binary systems with significantly
asymmetric mass ratios
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* Available events start shaping our understanding of populatior

(.6

* Statistical recovery of key information (HO, lensing, spin 0.4

distribution, higher order corrections, eccentricity, ...) is

b

ecoming possible: 2> 04 - 05
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((@}} GWs are probing GR in strong field conditions

E T TTTIIT | T TTTI | T TTTTIT | T TTTI | T TTTTIT | T TTTTIm ?
1072 C
E
BBH coalescences 10°4F
: —_ Double Pulsar
allow tq test GR in = : opin Dl -
strong field = 10°F
o, . il
conditions — E Double Pulsar
~ 10%F LAGEOS Orbital Decay
= o o
~ E Cassini.
[l 10 [
10 Lunar Laser Ranging
E O Gravit g
12 F ] 3
v 10 Perihelion Precession
unes N. et al. of Mercu
Phys. Rev. D 94, 084002 (2016) Y
Editedby ET science case team -14 E L [ v [ v [ v [T L i 3
10 77 -10 -8 6 4 2
10 10 10 10 10 10 10

O =M/L

V. Fafone - String Theory as a Bridge - February 2025



{(@}} Testing GR with O3 events

S * Residuals from best-fit waveforms consistent with detector noise

/ji ! (14 =)M/M,

X h ®  Consistency of parameters inferred from inspiral and ringdown phases of the

1.0 .
signal

B | | ‘ ° Consistency with no dispersion of GWs and massless graviton
\;_ 0,047 ﬂ ey v >
< ¢ Ringdown frequencies and damping times consistent with GR

10 : " ®  No detection of echoes

—0.5 0.0 0.5 1.0 15 2 ! ‘I- 3G
AM;/ M; P(Axs/xs) °

Tensorial polarizations preferred wrt scalar and/or vector polarizations

hitps://arxiv.org/abs/2112.06861

= |Improved constraints on Lorentz violation

= Graviton mass M, < 1.27x10-» eVic

= Constraints on post-Newtonian parameters improved by a factor of 2
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CO SMO I Ogy wW |t h B B H S https:/ /arxiv.org/abs/2111.03604

Astrophys. J. 949,76 (2023)

v.06 — GWI70B17
0.05 4 : EEE&ET’EJ)D;WITDBIT
* Based on 47 highly significant (FAR<0.25/yr, SNR>11) £ 004 e
CBC observations: T oo
* 42 BBH, 2 BNS, 2NSBH, GW190814 g 0021
0.01 4
* GW detection: measurement of luminosity distance 000
20 40 60 80 100 120 140
Hylkms~! Mpc™']
* Different methods to constrain HO: Hubble constant posterior.

: obtained using all dark standard sirens without any galaxy catalog information and fixing the BBH
population model.

Orange dashed: using all dark standard sirens with GLADE+ Kband galaxy catalog information and fixed population
assumptions.

Black solid : GW 170817 and its EM counterpart.

Blue solid: combining dark standard sirens and GLADE+ Kband catalog information (orange dashed line) with
GW 170817 and its EM counterpart (black solid line).

The pink and green shaded areas identify the 68% CI constraints on HO inferred from the CMB anisotropies (Ade et al.
2016) and in the local Universe from SHOES (Riess et al. 2019) respectively.
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https://arxiv.org/abs/2111.03604
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The O4 run

O4 started in May 2023 - O4a
Commissioning break January - April 2024 - 04b
Third and last tranche of the run from Januart 28th 2025 - 04c

Commissioning break April - June 2025

Current official end date: 7th of October 2025
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= GEO600
= Hanford
= Livingston

= \irgo

https:/ / gwosc.org /detector_status/today
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({@}} The O4 run

* GW interferometers are robust detectors i e

[1396796418-1422118818]

Triple interferometer [31.1%]
Double interferometer [36.8%)
Single interferometer [20.8%]
No interferometer [11.3%)

* Good network duty cycle

https: wosc.org/detector status/Q4b

H1 operational state L1 operational state

[1396796418-1422118818, state all]

Virgo operational state

[1396796418-1422118818, state all]

Observing [48.6%)

- - Obser\”ng [68 _l%] [1396796418-1422118818, state. all]
: m Observing [70.8%
M Ready [0.6%) m Ready [0.6%] = LO;:;‘?jé%] |
0, 9 ’
= Locked [3.5%] " Locked [5.1%] m Not locked [24.3%)
= B Not locked [26.0%) W Undefined [0.0%]
- m Undefined [0.2%] reetnea e

Not locked [47.3%)
Undefined [0.0%] ‘
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https://gwosc.org/detector_status/O4b/

{(@}} The O4 run

Binary neutron star inspiral range

https: wosc.org/detector status/O4b

Angle-averaged range [Mpc]

ety L
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01+02+03 = 90, O4a* = 81, O4b* = 102, Total = 273 3.0 3%

280 1 * O4a and O4b entries are preliminary candidates found online. X 4 8 12 16 20 24 28 32

260 Time [weeks] from 2024-04-10 15:00:00 UTC (1396796418.0)
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* Events scaled as expected according to sensitivity
improvement
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* Large number of alerts sent to the scientific community
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https://gwosc.org/detector_status/O4b/
https://dcc.ligo.org/public/0190/G2302098/026/cumulative_events.png

The O4 run

(((#7

* Virgo joined the run starting from O4b

3
;LIGO Hanford

;. .LIGO Livingston

¥
[

Having 3 detectors is crucial for good localisation:

* best O4a (Virgo off) is 80 deg?

60°
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* best O4b (Virgo on) is 5 deg?

V. Fafone - String Theory as a Bridge - February 2025

14



{{@}}:irst exceptional event from 04 published

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

GW230529 | , .
LK. ApJ2024) 11| | | | Leveseee®®’
L ]
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S ee00000000000
o
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Get to know

BWI30599 () | - semmmns g

Full name GW230529_181500 Detectors Offline OR not operational

® Online BUT not used for analysis*
H . v o @ Online AND used for analysis

most likely a merger between a Primary object in lower mass gap
Neutron Star & Black Hole (NSBH) further supports that this region is not empty

a ()

"'1.4 Mo "'3.6 Mo Mass(Mo)

Most symmetric NSBH event so far

more likely than prior GW NSBHs to have the neutron star * Although the KAGRA detector was in observing mode, its sensitivity
ripped apart by the black hole was insufficient to impact the analysis of GW230529

https:/ /www ligo.caltech.edu/news/ligo20240 405
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https://www.ligo.org/detections/GW230529.php

FILLING THE MASS <—> GAP

with observations of compact binaries from gravitational waves

| -

GW190425 | o ' =
(primary) GW200115
(primary)

-, GW190814
2] (secondary)

Mass of compact object (M) 1 2 3 4 < 6

Includes components of compact binary mergers detected with a False Alarm Rate (FAR) of less than 0.25 per year

https:/ /www ligo.caltech.edu/news/ligo20240 405 17
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FILLING THE MASS <—> GAP

with observations of compact binaries from gravitational waves

| )
GW190425 | o : -
(primary) (primary)
| O—

GW230529

(secondary) H® I
- GW190814
2] (secondary)

Mass of compact object (M) 1 2 3 4 < 6

Includes components of compact binary mergers detected with a False Alarm Rate (FAR) of less than 0.25 per year

https:/ /www ligo.caltech.edu/news/ligo20240 405 18
V. Fafone - String Theory as a Bridge - February 2025



{{@}} Including GW230529 decreases the minimum mass of black

holes in the NSBH population

https://dcc.ligo.org/P2300352 /public/
10% Only GW200105 + GW200115
= mm With GW230529
| ®
e — Differential merger rate (mean)
ey , == Mmin,BH posterior (90% credible interval)
- 10 2
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10——1 F 1 e 1

10 12 14 16 18
mpn [Me]
Merger rate of NSBH binaries (vertical axis) as a function of the mass of the BH (horizontal axis) in the system. The solid curves show the merger rates for

two different models and the shaded areas show the uncertainties corresponding to these models. The dashed vertical lines show the expected range for th

minimal mass of a BH, with 90% probability. The grey color considers an NSBH-only population model excluding GW230529. The blue color also includes

GW230529 in the NSBH population model.
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((@}} Including GW230529 decreases the minimum mass of black

holes in the NSBH population

https://dcc.ligo.org/P2300352 /public/

L i == Only GW200105 + GW200115
- . i == With GW230529
O |
e i : i — Differential merger rate (mean)
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Probability of the existence of a mass gap (in NSBH) decreases from 98.6% to 7.2%
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Next steps

Updated
2025-01-26

LIGO
Virgo

KAGRA

== O1 02 == 03
80 100 100-140
Mpc  Mpc Mpc

30 40-50

Mpc Mpc
07
Mpc

== 04 05
150 -160+ 240-325
Mpc Mpc
50-80
Mpc Being finalized
I
1-3 =10 25-128
Mpc Mpc Mpc
[ T

G2002127-v28

T
2015

T T T T T T T T

T T T T T T T

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Adapted from https://observing.docs.ligo.org/plan/

Plans for the upgrades in view of O5

LIGO

New mirror coatings with x2 better thermal
noise

Homodyne detection — more flexible, more
precise

Larger beam splitter — less clipping loss
New thermal compensation, etc.

Virgo

Stable signal recycling

New mirror coatings with x2 better thermal
noise

Possible other updates: laser & optical
systems

V. Fafone - String Theory as a Bridge - February 2025
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((@}} Next steps

*  Current thinking
ovisgrze Ol w02 | mm O3 e O4 o5 - Start is paced by upgrades after O4:
80 100 100-140 150-160+ 240-325
LIGO Mpc  Mpc Mpc Mpc Mpc 15'2 years gap
- Intersperse commissioning and
! FPoRmRE Ry AN Moo Being finalized observations
Virgo i T,
07 13 =10 25128 * Binary detection rates
Mpc Mpc Mpc Mpc
KAGRA I [ LU, - 03~1/5days
G2002127-v28 20|15 20115 2ol17 2ol1s zolw 2(120 20I21 20122 2(;23 2ole4 2;25 2(?:26 2o|27 2clvea 2(129 zolao - 04~1 / (2'3) days
- 05~3/day
Adapted from https://observing.docs.ligo.org/plan/
* Other science

- Improved SNR
- New sources?

V. Fafone - String Theory as a Bridge - February 2025 22
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What about the post O5?

Updated mm Ol == 02 == O3 == O4 == 05
2025-01-26
80 100 100-140 150 -160+ 240-325
Ll G O Mpc  Mpc Mpc Mpc Mpc
30 40-50 50-80 o
Moc Mpc Mpc Being finalized
Virgo I . T,
0.7 1-3 =10 25-128
Mpc Mpc Mpc : Mpc
KAGRA | | i
T T T T T T T T T T T T T T
G2002127-v28 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

V. Fafone - String Theory as a Bridge - February 2025

Post-O5

A* Virgo_nEXT

ET/CE

~2035-40

23



{{@}} Virgo nEXT and A#

Goal: get the most out of the facility w/o cryogenics and other wavelength
- Higher power: 1.5MW
-  Better coatings
- 100kg test masses
- 10dB squeezing

Achieve close to a factor of 2 amplitude sensitivity improvement

Starting observations at beginning of 2030s and observe for several years, till 37
generation detectors (ET, Cosmic Explorer) start their operations.

An engine for observational science and a pathfinder for next-generation
technologies.

V. Fafone - String Theory as a Bridge - February 2025
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Monumental successes of
the Advanced detectors

* First detection of GWs from a BBH system (GW150914)
* Physics of BHs

* First detection of GWs from a BNS system (GW170817)
* Birth of the multimessenger astronomy with GWs
* Costraining EOS of NS

* Localisation capabilities of a GW source

* Measurement of the GW propagation speed
e Test of GR

 Alternative measurement of H,

* GW polarisations

* Intermediate mass black hole (GW190521)

25
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Toward next generation

« 2 generation GW detectors will explore
the local Universe, even in their post-O5
configuration, initiating precision GW
astronomy, but to have cosmological
investigations a factor of 10 improvement

in terms detection distance is needed

Einstein Telescope
Advanced LIGO / Virgo +

Big bang

L . s L . L s s s L ; . ; .
G2002127-v11 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Redshift

100 '

Primordial BH?

- -

10
BBHs from POP3 stars merger?

T T T Trrr

OFI

10 o G
70729
170809

GW1510

90413_134308

GW170823
GW170818

GW170104

W170814

-1

10 =——GW151226 —@ - - - -
e GW150914
GW170608 —aLlGo
GW170817 CE

102 ¢

100 101 102 103

Total source-frame mass [Mg]

3G ground-based detectors will be required to access the high redshift Universe
V. Fafone - String Theory as a Bridge - February 2025 26
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Moving toward future facilities

Fac111t¥ Installation Commissioning Observation
Construction
04 Now 05 ~2030 06 ~2035
e I —_—

Existing Facilities: LIGO, Virgo, KAGRA

Y

Time axis to scale, although with some uncertainty

Future ground-based facilities will be well-separated around the Earth, with exquisite sensitivity
A network including more sensitive post-O5 detectors would be a cornerstone for future discoveries.

Timeline compiled from , , , and

Credits: Driggers IAU GAWG 1-4, 14 Aug 2024

V. Fafone - String Theory as a Bridge - February 2025
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https://observing.docs.ligo.org/plan
https://cosmicexplorer.org/
https://www.nsf.gov/mps/phy/nggw.jsp
https://www.esa.int/Science_Exploration/Space_Science/LISA_factsheet

-

. Einstein TeIeScope =)

""’“ ET pioneered (2004+) the |deg,ot7f3rd
= x generatlon GW observat%
A new i A_)r;frastructu rec Ie to host futu -

o

observation capabilities
—— sensitivity at least 10 times better than the
- W “(nominal) advanced detectors on a large

— fraction of the (detection) frequency band
A dramatic improvement in sensitivity in the
low frequency (few Hz — 10Hz) range
High reliability and improved observation
capability
Polarisation disentanglement

Corner halls
depth about
200m

Credits: M. Punturo
B9 Bridge.- February 2025 28



~ Cosmic Explorer (CE)

40 km and 20 km L-shaped surface observatories =
10x sensitivity of today’s observatories (Advanced LIGO+) —
Global network together with Einstein Telescope ///
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100

Observation performance of ET& CE =" =

_E.t - l.‘I‘ GWI;O&\? | g

* BBH up to z~50-100 [
* 10> BBH/year 7

* Masses M;Z103 Mg Bt 100 of onrees

= Optimal source
~ 100 1000

¢ BNS to Z 2 Frequency [Hz]

* 10° BNS/year

* Possibly O(10-100)/year with e.m. )

counterpart z

[}

High SNR

100 1000
Total source-frame mass [ M|
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ET Science in a nutshell Compact Object Binary
Populations

* ET will explore almost the entire Universe listening the gravitational
\é/aves emitted by black hole, back to the dark ages after the Big
ang

I
B population
e ET

* ET will detect, with high SNR, hundreds of thousands coalescences of o 10
binary systems of Neutron Stars per year, revealing the most ) Y
intimate structure of the nuclear matter in their nuclei a0 =

Q S k=)
0 Q’ “v-) 103 4
| - o
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FUTURE DETECTIONS

EXISTING DETECTIONS

—
o
hd

Number of detections

.

10°

2025 2030 2035 2040
time

2015 2020

Broekgaarden et al arXiv:2303.17628
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https://arxiv.org/abs/2303.17628

ET Observational Science in a nutshell

ASTROPHYSICS

* Black hole properties
« origin (stellar vs. primordial)
» evolution, demography

* Neutron star properties
« interior structure (QCD at ultra-high densities,
exotic states of matter)
« demography

* Multi-band and -messenger astronomy
* joint GW/EM observations (GRB, kilonova,...)
» multiband GW detection (LISA)
* neutrinos

» Detection of new astrophysical sources
» core collapse supernovae
» isolated neutron stars
» stochastic background of astrophysical origin

FUNDAMENTAL PHYSICS AND COSMOLOGY

* The nature of compact objects
* near-horizon physics
 tests of no-hair theorem
* exotic compact objects

» Tests of General Relativity
* post-Newtonian expansion
» strong field regime

» Dark matter
* primordial BHs
» axion clouds, dark matter accreting on
compact objects

« Dark energy and modifications of gravity on
cosmological scales
« dark energy equation of state
* modified GW propagation
« Stochastic backgrounds of cosmological
origin
« inflation, phase transitions, cosmic strings




GW Science with ET

350 Msun binary @ 100 Mpc
Extreme Gravity conditions

* In GR, no-hair theorem predicts that BHs are described
only by their mass andspin (and charge)

* However, when a BH is perturbed, it reacts (in GR) in a very b 4 \ = Ui

specific manner, relaxing to its stationary configuration by
oscillating in a superpositions of quasi-normal (QN) modes,
which are damped by the emission of GWs.

* A BH, a pure space-time configuration, reacts_ like an elastic
body - Testing the “elasticity” of the space-time fabric

* Exotic compact bodies could have a different QN emission
and have echoes.




GW Science with ET E S gnio

o 20004 Heu?/?( ion ‘/.g,_
* Neutron stars are an extreme laboratory for nuclear physics = |« gt
* The external crust is a Coulomb Crystal of progressively more neutron-reaché 400 "%’ bense quark
nuclei. i . matter
o o qe N . . . © experiments CUIORSIANCIBER
* The core is a Fermi liquid of uniform neutron-rich matter (“Exotic phases”? & ™[ “™" .
] o olor super-
Quark-G|u0n plasma?) ) B a 100L __ .__ conductor
‘ V V ‘ ! 1012 1013 1(‘]14 1(‘]15 ‘ 161"

Density (g/cm3)

* Tidal deformation from 12
the dephasing in the GW L3
107 g e b signal - constrain the
-3 ' . EOS of the NS.
€ 102} -((\a\\L\G : . .
= - * EM information - more 2
=, NS-NS E0SHB i i =
SO P o stringent constrain. g
2 1975 > v - e EOS d ib h Quark-hadron &
= escribes the status e
SE e of the matter in the over- -
o = peren critical pressure condition.
Einstein TeleSCOpe merger
10—25 1 1 1 L 1 1
10 50 100 500 1000 5000

f (Hz) Credit: J Read 35




* One of the primary science targets of ET is to access
the 1-10Hz frequency range

* Intermediate mass black holes

* Fill the gap between the stellar mass black holes (a la
LIGO/Virgo) and the supermassive black holes (a la LISA)

e Cosmology

ET primary

sclence * high red-shift - low frequency
. I * Primordial BH and the Dark Matter quest
ta rget . IOW * Early warning in multimessenger astronomy with GW

emitted by BNS
e Even more: gravitational-wave memory effect,

frequency
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Why low frequency focus?
GW190521

Inspiral

Merger

M; = 8521Mg, M, = 66712 Mg
at z~0.82 (5.3Gpc)
Remnant My = 142*1g¢Mg

Hanford Livingston Virgo
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Ringdown

Where is the chirp?

Phys. Rev. Lett. 125, 101102 (2020)
Astrophys. J. Lett. 900, L13 (2020)
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Strain Amplitude [Hz~172]

10—21

10—22

10-23

* Higher masses correspond to
lower frequency GW emission

Why low frequency focus?

Intermediate Mass Black Holes: seeds of SMBH?

Ringdown

+ Merger — /
GW150914
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* Supermassive Black Holes
(SMBHs) are present at the
center of many galaxies:

* What is their history? How have
they formed? What are the seeds?

Black Holes in the Gravitational Universe
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Why low frequency focus?
Primordial Black Holes

* ET (and CE) will detect BBH well
beyond the SFR peak z~2

e comparing the redshift
dependence of the BH-BH merger
rate with the cosmic star formation
rate to disentangle the
contribution of BHs of stellar origin
from that of possible BHs of
primordial origin: any BBH merger
at z>30 will be of primordial origin.




Low frequency: Multi-messenger astronomy

* If we are able to cumulate enough SNR before the merging phase, we can trigger e.m.
observations before the emission of photons

* Keyword: low frequency sensitivity:

lday 6hr.  Thr. 10min. Imin. 10s Is 100 ms
1 1 1 1 1 1 ! I
il 1 |==alLIGO ==ET
Gw15091d M I\ 3
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ET key elements

-

k’

Requirements

Wide frequency range
Massive black holes (LF focus)
Localisation capability

(more) Uniform sky coverage
Polarisation disentanglement
High Reliability (high duty
cycle)

High SNR

Design Specificationm

* Xylophone (multi-
interferometer)
Design

* Underground

* Cryogenic

* Triangular shape
(2011)

e Multi-detector design

Credits: M. Punturo

/

==== 064 nm beam
= 1550 nm beam

[] fused silica optics
B [] silicon optics
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ET geometry debate: A or (two) L

In-the last two of years, the collaboration started the evaluation of the best configuration for ET,
considering the alternative of two L configuration (as LIGO, Cosmic Explorer) to maximize the
science return and reduce risks.

Since 2011 (CDS, triangle configuration) the situation drastically changed:

O First detections, GTWC-3 catalog - BH population > new evolution models;

O Science case developed;

 Know-how with advanced (L) detectors;

O International scenario (+ Cosmic Explorer in US);

L Two candidate sites strongly supported (and a potential third site...).

The collaboration is analyzing both configurations: optimizing science return, differential risk
assessment.

First results on the science return published in. Marica Branchesi et al JCAP07(2023)068:

The 2L 15 km geometry shows an improved science return in a relevant number of science
targets

A preliminary differential risk analysis, provided by a specific committee, igJunder &aboration

Credits: M. Punturo . . 4
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New

technology in

ET Enabling
Technologies

* The multi-
interferometer

Parameter

Input power (after IMC)
Arm power

Temperature

Mirror material

Mirror diameter / thickness
Mirror masses

Laser wavelength

ET-HF

10km

500 W

3IMW

290K

fused silica
62cm/30cm
200kg

1064 nm

ET-LF

10 km

IW

18 kW

10-20 K
silicon
45cm/ 57cm
211kg

1550 nm

cryo-cooling approa ch asks for two EIrtaer) tuned (0.0) detinea (05
I I | h | SR transmittance 10 % 20 %
pa ratie tec no Ogy Quantum noise suppression  freq. dep. squeez. freq. dep. squeez.
Squeezing level 10dB (effective)  10dB (effective) techno Iogy
Beam shape TEMoo TEMpo
Beam radius 12.0cm 9cm
Scatter loss per surface 37 ppm 37 ppm
New laser e Und ergrou nd Se?sm?c isiolat\ion SA, 8m tall B r_nod SA, 17 m tall
) Seismic (for f > 1Hz) 5:1071m/ f? 5:107""m/ f?
tECh no Iogy ° C ryOge NICS Gravity gradient subtraction none | factor of a few

* Silicon (Sapphire) test masses

* Large test masses . HighItY
. innovative
* New coatings * High power laser adaptive
* New laser wavelength . Large testmasses optics
High quality : * Seismic suspensions « ‘New coatings ].
| opto—. . Frequer\cy dependent « Thermal compensation
electronics squeezing
and new * Frequency dependent

Credits: M. Punturo V. Fafone - String Theory as a

controls Bridge - February-2025 SqueeZing




 ET: large scale and complex infrastructure <

Cavern layout in one corner

e“"\
ET-LF vacuum for main interferometer optics 03‘ "‘-&
A2 : 2
&

@

ET-HF beam

access tunnel expander telescope

10km TBM tunnel

—
—
& 4’ v A

ency Jocus?
caverns

ET-LF beam
expander telescope

ET-LF filter cavities

Whylbw%réqu
| BiS e i

ET LF: central beam splitter and input output optics '

18 |

Credit: A.Freise, 2020 X| ET Symposium V. Fafone - String Theory as a Bridge - February 2025 45



* Two sites officially candidate to host ET:
* EMR EUregio, border region between Nederland,

Belgium and Germany

* Sardinia (Lula areq, Barbagia)

ET candidate sites

* A third potential site is located in Saxony
(Lusatia), public announcement done in
November 2024 to be formalized.

* Overall site evaluation is a complex task

depending on:

* Geophysical and environmental quality

* Financial and organization aspects

* Services, infrastructures

Glasgow
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risk map russgl ’ iy
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amplitude spectral density (strain Hz™'’?)
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Space vs. Ground Detectors
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- coalescence of very

— Initial LIGO

---Advanced LIGO

—Einstein Telescope
AURIGA/ALLEGRO/NAUTILUS

—LISA

——DECIGO

---BBO

—Pulsar Timing Array (Current)

- --Pulsar Timing Array (SKA)

LISA will detect

massive objects, and \\ {
provide very early \ ‘
alerts for coalescence N e
of lighter objects B s
10° 10° 10~ 1 = 12;“ 1;)2 10
Frequency (Hz)
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https://doi.org/10.12942/lrr-2011-5

The GW spectrum
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