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Gravitational Waves
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Albert Einstein 1916
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The beginning of a revolutionary era in gravitational wave astronomy
September 2015: The observation of gravitational waves

LIGO, Livingston, LA

LIGO, Hanford, WA
GW150915 PRL 116, 061102 (2016

The Einstein Telescope | Christian Stegmann | DMLab Annual Meeting, Bonn, 16. Oct. 2025



Page 4The Einstein Telescope | Christian Stegmann | DMLab Annual Meeting, Bonn, 16. Oct. 2025



17. August 2017

12:41:06 Universal Time (GMT)



Page 6

Mulitmessenger Campaign for GW170817 ï the first 2 seconds
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[1 Mpc is 1022 m]

[LVC+Fermi+Integral, ApJ Lett, 848:L13, 2017; 
LVC, PRL., 119, 161101 (2017)]

[LVC+Fermi+Integral, 

ApJ Lett, 848:L13, 2017; 

LVC, PRL., 119, 161101 (2017)]
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Unique laboratories at the frontiers of our understanding
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Relativistic jets

Expansion of the universe

Nucleosynthesis

The nature of neutron stars
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Mulitmessenger Campaign for GW170817 ï up to 1000 days 
and counting
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GW EM
[1 Mpc is 1022 m]

[credit: Kunal Mooley]

[1 Jansky is 10-26 W/m 2/Hz]

[LVC, PRL, 119, 161101 (2017),
LIGO, Virgo, EM partners +,  ApJLetters848 L12 (2017)]
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Advanced Virgo
3 km

Advanced LIGO Hanford, 
4 km

Advanced LIGO 
Livingston
4 km

(Advanced LIGO
INDIA, 4 km)

KAGRA, 3km 

GEO600

The Gravitational Wave Network

The Einstein Telescope | Christian Stegmann | DMLab Annual Meeting, Bonn, 16. Oct. 2025



Page 10

The Ăadvancedñ Generation
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aLIGO#, Virgo_nEXTS (2.5G?)

O4 plans : Started on 24 May 2023 and runs for 18 (20) months

with a maintenance break of 2 months in the middle.

Public alerts : https://gracedb.ligo.org/latest/

Plans are being made

for theĂpost O5 erañ:

ÅMore laser power

ÅMore squeezing
Å Larger mirrors

ÅModified suspensions

Å Better coatings

Å BH readout

Current Infrastructures will 

reach their ends of lifetime and 

a limit in performance

(self noise, size)

ĄWe need new infrastructures
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see LVKC, 2508.18082 (GWTC-4), 2111.03606 (GWTC-3), 

arXiv 2010.14527 (GWTC-2; LVC, arXiv 1811.15007 (GWTC-1)
see also Venumadhav, Zackay, Dai, é2019; Zackay et al. 
2019a,b, Magee et al 2019, Nitz, + 2019, 2020, 2021]

2015-2024, O1-O4a: 995 days
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[LVKC, 2111.03606 (GWTC3)]

The Compact Object Zoo in 2020-21



Page 13
+ O4a (05/23-1/24): 995 days, GWTC-4 1/25

[see LVKC, 2508.18082 (GWTC-4)]

The Compact Object Zoo in 2023-24

+ O4a (05/23-1/24): 995 days, GWTC-4



Page 14
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The Compact Object Zoo in 2023-24

+ O4a (05/23-1/24): 995 days, GWTC-4
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+ GW250114
LVKC: PRL 135, 111403] 

The Compact Object Zoo in 2023-24

+ GW250114
+ O4a (05/23-1/24): 995 days, GWTC-4
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[see LVKC,
arXiv:  2507.08219 

2508.18082 (GWTC-4)]

The Compact Object Zoo in 2023-24

+ O4a (05/23-1/24): 995 days, GWTC-4
[see LVKC,

arXiv:  2507.08219 
2508.18082 (GWTC-4)]
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Challenge 1: Why have we not seen more multi -messenger 
mergers? mergers
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GWTC-3: 10 ς1700 Gpc-3 yr-1 (BNS)

GWTC-4: 7.6 ς250 Gpc-3 yr-1 

GWTC-1: 110 ς3840 Gpc-3 yr-1 (BNS)

[LVKC, arXiv: 2508.18083, 2025]

[LVKC, arXiv: 2111.03606, 2022]

[LVC, 1811.15007, 2019]

[Mandel + Broekgarden2021]

GWTC-4 + public alerts (O4b+c) indicate that BNS merger rate is low 
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Challenge 1: Why have we not seen more multi -messenger 
mergers? mergers
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[Coughlin et al. 2020;  see also Antier et al. 2020, 

Patersonetet al., 2021,   Sasadaetet al. 2021, Chang et 
al. 2021,  Kimetet al.  2021, Hussain e tal. 2020]

[LVKC; arxiv: 2509.04348]

First Binary Neutron Star Merger

GW170817

Distance closest event so far

Sky error: 400 full Moons

Second Binary Neutron Star Merger

GW190425

Distance: 4 x the distance of GW170817

Sky error: ¼ of the sky 

GWTC-4 (2023-24)

The best localised events

with two LIGOS

Challenge: Rate, Depth, Area, Target-of-Opportunity, accuracy of GW alerts, other 

     astrophysical transients and variables

Opportunity : improvement of GW localisations, golden binaries, new facilities
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2nd Ą 3rd Generation Sensitivities
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More than a factor of 10 improvement

40 km and/or  20 km

L-shaped 

aLIGOO3
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Possible topologies of the Einstein Telescope
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[arXiv: 2303.15923]
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Low -Frequency -Interferometer 

(ET-LF)

New key technologies in 

cryogenics and cryo-vacuum

Å Extreme ultra-low noise cooling 

requirements

Å New thermal shielding and 

cryopump requirements

Å Silicon (Sapphire) test masses

Å Large test masses (200kg, 

45cm diam.)

Å Long Seismic suspensions 

(17m towers)

High -Frequency

Interferometer (ET -HF)

Advancement of 2G technologies

Å Underground construction

Å Longer arms (4 Ą 10 km)

Å High circulating light power (3 

MW)

Å Larger laser power (1064 nm, 

500 W)

Å Heavier test masses (20 Ą 200 

kg SiO2)

Å ... 

The Einstein telescope faces many exciting technological 
challenges
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Hearing the Ăwhole universe ñ with the Einstein Telescope

Credit: E. Hall (MIT)
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A new and spectacular view deep into the history of our
Universe
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Einstein Telescope

today

Å BH-BH mergers with 20-100 Msun visible up to redshifts of z ~ 20 (today up to z ~ 1).

Å NS-NS binary stars with total masses around 3 Msun visible up to z ~ 2-3 (GW170817 was at z ~ 0.01)

Å Detection rates 105 - 106 BH-BH and 7 x 104 NS-NS mergers per year.
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Probing the structure of neutron stars

The Einstein Telescope | Christian Stegmann | DMLab Annual Meeting, Bonn, 16. Oct. 2025



Page 25

LIGO O2

Probing the structure of neutron stars

Å Measurement of tidal effect for BH-BH merger offer an unique window to the environment of black holes

The Einstein Telescope | Christian Stegmann | DMLab Annual Meeting, Bonn, 16. Oct. 2025
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GW Astronomy promises groundbreaking new insights for 
astronomy, astroparticle  and particle physics, and cosmology  

It will shine light on

Å the cosmic history of stellar evolution , 

Å the origin (stellar versus primordial), evolution and 

demographics of black holes , and 

Å the interior structure of neutron stars , with 

potentially important implications for the 

fundamental theory of strong interactions at ultra-

high densities. 
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It will 

Å allow to investigate dark matter candidates that 

cannot be tested by other means

Å perform exquisite tests of the theory of General 

Relativity  in its strong-gravity regime. 

Å have the potential to elucidate the nature of dark 

energy

Å lead to modifications of General Relativity on 

cosmological scales , 

Å provide an image of the earliest moments after 

the Big Bang  and of physics at correspondingly 

high-energy scales, through the detection of 

stochastic GW backgrounds of cosmological origin. 

Gravitational wave instruments will penetrate 

deeply into uncharted territories, where surprises 

are bound to await us.
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Earthquake probability
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Seismic Hazard Harmonization in Europe

Return Period 475y
Giardini et al., 2013

ET Candidate SiteET Candidate Site

ET Candidate Site

http://www.share-eu.org/node/6.html
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A site for ET?
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Several ciriteria are relevant for the site decision and can be roughly divided into four categories

Category Lusatia

1. Can the scientific programme be carried out by ET at this location? promising

2. Can ET be built at this site cost-efficiently and with calculable risks? Itôs being investigated.

3. Can ET be operated at this location for decades? Itôs being investigated.

4. Is there political support and financial commitment for the site? Yes, for the site studies and for a 
preparatory study
(no commitment yet for the 
construction from Germany for any 
of the sites)
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Lusatia ï well studied, well documented

Granodiorite

Greywake
Drillings

DZA1: up and running

DZA2: up and running

DZA4: permit granted

DZA6: permit granted

DZA5: drilling

DZA3: drilling

DZA7: drilling

DZA8: scouting
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