"‘ Einstein Telescope:
- The Interferometer Design
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Summary

= ET is a triangle of three detectors
= using two interferometers per detector

© |Interferometers are Michelson
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10 km

a. The L-shape provides the for a differential
measurement of quadrupole waves

b. ‘Two parallel interferometers provide (nullstream
creation, operation during maintenance and upgrades)

c. Two interferometers under 45 degrees can resolve

[A. Freise et.al.: Triple Michelson interferometer for a third-generation

gravitational wave detector, Classical and Quantum Gravity, 2009, 26]
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i;@ Interferometer Topology:
Defined by Quantum Noise Reduction

Several QNR topologies seem feasible:
Micheslon with SR, variational output, squeezing
Sagnac or Mach Zehnder Interferometer with SR, ...
Optical bars, optical levers, double optical spring, ...

All can be build using the L-shape form factor!

— 2 independent Mach-Zehnder
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Quantum Noise Reduction
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10dB frequency-dependent squeezing

[H. Rehbein und H. Mueller-Ebhardt, ET note ET-010-09 2009]
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Sagnac vs. Michelson Example

RSE - tuned SR SAGNAC-optimised

ETO01-RSE Noise curve: Pln =500.0 W; NSNS: 871Mpc BHBH:9075Mpc ET01-SAGNAC Noise curve: Pin =500.0 W; NSNS: 1282Mpc BHBH:14760Mpc
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NSNS inspiral range for Sagnac Event rate increased by a
topology 47% larger factor of 3.2
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[S. Chelkowski, H. Miiller-Ebhardt, S. Hild, 2009]




#  Jopology summary

® Sagnac shows better quantum noise suppression

® However, it has one technical challenge: the ring-cavities
in the arms requiring even larger mirrors

® All high-precision expertise so far is with the Michelson

- ® Michelson with RSE/SR and squeezing and filte
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Each detector consists of two interferometer covering a
part of the full frequency range.

The Xylophone

range power | lambda T

LF |.5-30 Hz 18 kW | 1550 nm arm: ~10 K, rest: 290 K

HF | 30 - 10000 Hz | 3 MW | 1064 nm 290 K

ET-C/ET-D ! ET-C/ET-D
Low Frequncy S84 High Frequncy
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@® Low power (no thermal effects), cooled, long suspensions

High power, LG modes, room temperature, ‘normal’ suspensions

[S Hild et al: A xylophone configuration for a third-generation gravitational wave detector, Classical and Quantum
Gravity, 2010, 27]
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= Quantum noise o e e = Quantum noise

- Seismic noise [ = Seismic noise

- Gravity Gradients 3 = Gravity Gradients

- Suspension thermal noise =ad e e e - Suspension thermal noise
= Total mirror thermal noise I = Total mirror thermal noise
Excess Gas r Excess Gas

ET-LF: Total noise ¥ —ET-HIF: Total noise
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Summary so far

® Broadband detector

® Three L-shaped detectors in a triangle

Y - aYs \ NAfTAar 5 AL e
'Lﬁx\ v‘tﬁq“l @%?ﬁ"y A e 0 ‘I af "’ Z,}r

.
} " 11T C A ! \
.4 O A P a SO TAVA
5 & MTIDIVDLYD VI d_)\:*@
R - N/ e B N =

Pl




Squeezed Light

® ET requires 10dB effective
squeezing

® HF:one 300 m long i,
filter cavity —grvs v

LF: two 10 km long )
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Lossy cavity

freq. independent squeezing (‘2 %

Degraded Vacuum
Quantum noise | squeezed state noise

Quantum noise
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- mode purity >99%.
R R s S O SO s R SR S

!-! Reducing coating
thermal noise: LG modes

Theoretical and experimental
results: successfully locked a
mode-cleaner to various
higher-order LG modes. Ouput
Simulations




!‘. Reducing coating
- thermal noise: LG modes

Theoretical and experimental
results: successfully locked a
mode-cleaner to various
higher-order LG modes. Ouput
- mode purity >99%. Simulations
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ii» Waveguide Coatings

® Waveguides may provide
another way to reduce coating
Brownian noise.

Constructive interference
Incident light
OR

e lIdea: replacing the dielectric
(lossy, thick) by a
(low loss, thin) mono-crystalline
silicon nano-structure or a (thin)
single layer diffractive coating.

Destructive interference

Brickner et al., Optics Express 17 (2009) 163 - 169

® Experimental results from the
Glasgow |0m prototype

IAP Jena 2.0kV 7.0mm x35.0k SE(M) 11/7/2008 1.00um

Brickner et al., Optics Letters 33 (2008) 264 - 266
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= Waveguide Coatings

® VWaveguides may provide

another way to reduce coating
Brownian noise.

e lIdea: replacing the dielectru Se

(lossy, thick) multi-layer sta. by a
(low loss, thin) mono-crystalline
- silicon nano-structure or a (thin)

s

Brickner et al., Optics Express 17 (2009) 163 - 169

e it h e LA
e . S i y Fag . 2on 1 . 3
¢ * AITTrACT ‘!\v Walal X 2} g A '.‘? oA 5

Si

. 500 nm

IAP Jena  2.0kV 7.0mm x35.0k SE(M) 11/7/2008 1.00um



"‘ "Standard Optical
‘ Technologies’

® For several technologies we found that we can now
inherit and extend the work for Advanced detectors:

° Injection system (mode cleaning)

~ ® Detection system (except for filter cavities)




Optical Layout

Interactive graphic at:

Einstein Telescope

GWADW Elba
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Lasers
LF HF
lambda 1550 1064
beam shape TEMOO LG33
power 6 W 1000 W
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® All room temperature mirrors are fused silica
® Crygenic mirrors are silicon
® arm cavities:

LF HF
mirror material silicon fused silica
mirror size 62 x 30 cm 45 x 50 cm
,.mlrrormass_,, .200kg | L ldslegivasasss
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Simple drawing of an optical
layout consisting of:

Draft Optical Layout

3 independent detectors

2 interferometers per detector
(LF+HF)

3 filter cavities per detector
21 long suspensions

45 short suspensions

12 cryogenic mirrors
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Mirror and Beamsplitter Size

ront view

Beam geometry on mirror surface depends
on incidence angle:

2
o) = 2o (2

T Wy Wy
with w,; > w,

€T

The horizontal beam size is w,=w,/cos(a). Thus

also mirrors and especially beam splitters must
be larger by the same factor.

BS diam. 45 deg | BS diam. 60 deg

LG33, 1064nm 80 cm 115 cm

LGOO, 1550nm 60 cm 84 cm
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Better Beam Sizes

We want to have small beams in the central interferometer.

This could be achieved by focusing the beam down between IM and BS

300m =\
RM BS

I.
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sensitivity curves
Led by Stefan Hild but a WORKING GROUPS
transversal group effort: L
from sensitivity curve ET - WP2
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Workarea News

ET sensitivities page

& Thursday, 25 June 20 8

914:16 g Michele Punturo =]
One of the core tasks of the ET design study team, worked out malily by the WP3, is to provide snapshots of the
ongoing analyses of the potential ET sensitivity options. This webpage contains such preliminary, but well
documented sensitivity options that evolved from the ET design study activities. Below you can find download links
for:

* date files for the sensitivity curves

» and references to the respective documentation

If you have questions regarding this page, please contact Stefan Hild or Andreas Freise for more information.

| — ET-B (from arXiv:0810.0604)
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"GW detector design is
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Detector Vacumn

Create a vacuum in the detector's arms and cut down on acoustit .
But the more air you pump out, the more money you'll have to t|
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