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The 3rd Generation
The advanced GW detector network
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Michelson-Interferometer

Sensitivity: ~ 0,0000000000004 pm

Mirror Wave length: 1 um
Atom: 0,0001 pm
Nucleus: 0,00000001 pm
Proton: 0,000000001 pm
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Goals of the next Generation

extension
to lower
frequencies

m— LIGO

Virgo
= Ejnstein Telescope
= Cosmic Explorer

10-times
increased
sensitivity

+ polarization X polarization

Access to polarization
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Scientific Reach

“Redshift :
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Scientific Reach

Horizon
10% detected
50% detected
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Increased Signa

VIRGO (ltaly)

light storage arm test mass

light storage arm

test mass test mass

test mass

beam
splitter photodetector
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Increased Signal
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LIGO (U.S.)
2 x4 km

beam
splitter

test mass

photodetector
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Increased Signal
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Einstein Telescope (Europe)
3x10km
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Increased Signal
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Cosmic Explorer (U.S.)
20 km & 40 km
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Understanding the noise
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= Quantum noise

= Seismic noise

= Gravity Gradients

= Suspension thermal noise

= Total mirror thermal noise
Excess Gas
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Understanding the noise
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Quantum Noise

Laser: = 1000 ]/s
Photons: =~ 1,5 - 10717]
~ 7 - 102 Photons/s
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GW-Interferometer

ET-HF: mirrors
Fused silica
® 62 cm /200 kg
3 MW laser power

test mass

light storage arm

light :
Sto
test mass 'age arm test mass

test mass

beam
splitter photodetector
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Understanding the noise
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Thermal Noise
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Thermal Noise
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Brownian motion cause the reflective layers to move
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Thermal Noise

cool the mirror to 10 K
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Brownian motion cause the reflective layers to move
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Thermal Noise

cool the mirror to 10 K

improve reflectivity — reduce absorption

Absorption 3.4 ppm
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Laser heats the mirror
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GW-Interferometer

test mass
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test mass

ET-LF: mirrors
Silicon
® 40 ..60 cm / 200 kg

18 kKW laser power
Temperature 10 ...20 K

test mass

light storage arm

test mass

beam
splitter photodetector



Pressure

Collective Modes

Low mechanical loss (high Q-value)
- low coupling of collective modes

to thermal bath

fused silica

: I
fused silica:
] 11661 H=
® 17193 Hz
- Fitof = 17193 Hz g

cryst. quartz:
115684 Hz

17112 Hz
@ 300 K

Damping Q"

Temperature [K]
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Understanding the noise
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Newtonian noise / Gravity Gradient Noise

Attraction by moving objects cannot be shielded

mL.FPerera

Seismic waves in the rock
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Newtonian noise

Active Noise Mitigation

seismic wave
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* wave field reconstruction
* active compensation
e test at DZA underground lab
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Conclusion
* The next generation of Telescopes will
open new horizons in GW astronomy.

* Higher, omnidirectiononal sensitivity,

lower frequencies, access to polarization.

* |nteresting technological challenges.

Approval soon ?
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PHYsICS IN COLLISION
£2n¢ Internasonal Cort P r Colision

October 10 - 13, 2023
Universidad de Tarapaca. Arica, Chile
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Seismic Isolation
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Isolation frequency band

Transmissibility
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Seismic Isolation
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Seismic Isolation

Metal masses
(1%t & 2" pendulums)

“Main Chain”

Penultimate mass
(3" pendulum) =

Side-view of reaction

Test mass : and test masses
(4t pendulum)

12.10.23 | o =7 36



Seismic Isolation
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6. lower resonance frequency

108+

1 0'10 L
107

resonance frequency: wy = +/ g/l

mathematical pendulum

d?*x(t)
W = —k X(t)

= wg =+ k/m

make k small! (here k = mg/l)

m

inverted pendulum

d?x(t)
dt?

add a blade spring

2
T = Gy~ k) x(0)

m = +k x(t)

144
dt? N

make small!

| blade
i spring
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ET seismisc isolators

follow the conceptof thQ_VIRéO superattenuator {Q
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Seismic Isolation: Geometric Anti-Spring Filters

compressed
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