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Overview

“ ET in a global network
“ Why a triangle?
* Why a Michelson?

- New technologies!?
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Assignment for WP3

= Target: Produce a reference design (no technical design) for a
broadband interferometer with a tenfold sensitivity improvement
versus the current state of the art (advanced detectors).

~  Structure of the WP3 tasks:

~Investigate the geometry of the ET detector (footprint of the entire detector, as defined
by the optical systems)
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Impact of pOSsib’Ié glob.al’netwo.r.ks
on the ET interferometer.design

Functioning of ET in various conceivable scenarios of a global network:

advanced detectors (Advanced LIGO, Advanced Virgo, LGCT, LIGO South, ...)
advanced detectors plus third generation dectors in USA, Japan, ...
third generation detectors

Conclusion: different performance in different €@0nstellation, however, no influence on the
optical design of the single site!
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- An old idea...

A detailed analysis of the how the
triangle makes efficient use of “tunnel’
length was presented by Ruediger in

| 985.

[W.Winkler et al.: Plans for a large gravitational wave
antenna in Germany. Fourth Marcel Grossmann Meeting on
General Relativity, 1986, 621-630]

To my knowledge, no other early

documentation on this idea exist! This
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Multiple Interferometers

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, 3rd general ET workshop
7 24/11/2010

Wednesday, 24 November 2010



X
‘ER-

Multiple Interferometers

YV

Fo(t)ho (t)+ Fy(t)hy(t) [P Jaranowski et al, Phys Rev D 58 1998]

Both solutions have an integrated tunnel length of 30 km, they can resolve both
GW polarisations, feature redundant interferometers and have equivalent sensitivity.

A Freise, 3rd general ET workshop
8 24/11/2010
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Large Infrastructure
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The Triangle!

A Freise, 3rd general ET workshop
1 24/11/2010
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__‘q 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!

2independent [ Mach-Zehnder \ [
cavities

NS general ET workshop
24/11/2010
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| me ET single :
| ms ET Xylophone total |
' ET-LF ’

ET-HF

10 km

Strain [1/sqrt(Hz)]

Frequency [Hz]

® Low power (no thermal effects), cooled, long suspensions

High power, squeezing, 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]

A Freise, 3rd general ET workshop
= 24/11/2010
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Summary so far

® Broadband detector
® Three L-shaped detectors in a triangle

® Each detector consists of two interferometers
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Technology reviews

* Technology reviews documented in internal notes and
papers:
*  Quantum noise reduction

~ High power lasers

- | Diffractive interferometers

- | Squeezed light

| Displacement noise free interferometry

Laguerre-Gauss modes and non-Gaussian beams

Waveguide coatings



e Displacement Noise Free
Interferometry
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[S. Hild GWADWY 2008,
S.Tarabrin ET-024-09]

A Freise, 3rd general ET workshop
2 24/11/2010
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?}'fg Diffractive Interferometry

Alignment limits from transla . pnase noise

_ I/ h 4 km cos(a) 7.4km)\ [/ d
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07 A Freise, 3rd general ET workshop
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" Wide beams: non-Gausssian or
Laguerre-Gauss

| — |

o Wide beams can reduce  _SG_: GG
thermal noise

® Under consideraration: ‘ e

non-Gaussian beams or
Laguerre-Gauss modes

@ To be tested: do these

=\
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Laguerre Gauss modes

ER-

TN comparison for Adv.Virgo

Helical Sinusoidal/Cosinusoidal
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A Freise, 3rd general ET workshop
8 24/11/2010
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; LG interferometry,
recent results

First experimental results:
successfully locked a mode-
cleaner to various higher-order
LG modes. Ouput mode purity
>99% with no indication of

- problems due to mode

="\
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Waveguide Coatings

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

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

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

4 A Freise, 3rd general ET workshop
T 24/11/2010
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Waveguide coatings, recent results
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Squeezed Light
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Quantum Noise Reduction
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Filter cavity
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10dB frequency-dependent squeezing

[H. Rehbein und H. Mueller-Ebhardt, ET note ET-010-09 2009]

A Freise, 3rd general ET workshop
23 24/11/2010
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8  Sagnac vs. Michelson

RSE SAGNAC

ITM g 1
PRM -
LASER [ , ]

IT™ ETM
== SRM

i A Freise, 3rd general ET workshop
i 24/11/2010
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Sagnac vs. Michelson Example

RSE - tuned SR SAGNAC-optimised

ETO1-RSE Nowse curve. P = 500 0 W, NSNS U71Mpc BHDON 50T Mpe ETO1-SAGNAC Noise curve F‘N « 200 0 W, NSNS 1202Mpc BMDM 14760Mpec
-

— QUANLLM NOISE w— QuAntum noise
Seismic noise Sesmic noise
Gravity Gradients Gravity Gradients

s Suspension thermal noise — Suspension thermal moese
Coating Brownian noise Coating Brownian noise
Ceating Thermo-oplic nomse w2\ Coating Thermo-optic nomse
Substrate Browssan noise Substrate Browssan noise ¢

, S. Hild, 2009]
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NSNS inspiral range for Sagnac Event rate increased by a
topology 47% larger factor of 3.2

A Freise, 3rd general ET workshop
25 24/11/2010
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Topology summary

® Sagnac shows better quantum noise
suppression

® However, it has one main practical problem,
the ring-cavities in the arms

® All high-precision expertise so far is with the
ons r-j--- ” S
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Draft Optical Layout

Simple drawing of an optical
layout consisting of:

3 independent detectors

2 interferometers per detector
(LF+HF)

3 filter cavities per detector
21 long suspensions
45 short suspensions
12 cryogenic mirrors

S R A R I . |
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A Freise, 3rd general ET workshop
28 24/11/2010
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Beam geometry on mirror surface depends
on incidence angle:

)
[(z,y) =

¢ ‘ 2 ¢ 2

: —2x° -2y~
—————— eXD = exp =
T Wg Wy w2 wy

with w, > w,

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

Wednesday, 24 November 2010

LG33, 1064nm 80 cm 115 cm
LGO0O, 1550nm 60 cm 84 cm
29

8 Mirror and Beamsplitter Size

ront view

A Freise, 3rd general ET workshop
24/11/2010




We want to have small beams in the central interferometer.

Better Beam Sizes

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

Wednesday, 24 November 2010



8 How to fit this into the
tunnels?

Early ideas: Current design:

LF interferometer [/ )\

e

HF interferometer 4 jiy

=

Filter cavities
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?—! Vertical stacking of
interferometer beams
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g’ Crossed beams in one tube

= '-“‘_‘-‘¢:0
R

A possible design:

4 interferometers in a single tube.

Separation of the 4 instruments: a) different

colour b) same colour ifos will be shifted by
MHz or GHz.

Remaining PROBLEM: scattering into a I
different ifo and then back

i —
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; Tube Layout

With the beams

stackable, the original o
arrangement for b
accommodating all beams

in 2 5m tunnel was

finalised o

D 1500
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Sensitivity Studies

ET PROJECT ET sensitivities page

-

B RIEGO

One of the WG3 tasks is
to provide official

sensitivity curves $

Led by Stefan Hild but a B
transversal group effort: [
from sensitivity curve ET
A, to ET B,ET C and now
ET D.

| —— ET-B (from arXiv:0810.0604)
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A Freise, 3rd general ET workshop
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1t generation
2nd generation
3rd generation

100
Frequency [HZ]

A Freise, 3rd general ET workshop
24/11/2010




More Accurate

Models...
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Used with a New
Optical Layout

ET-C/ET-D ET-C/ET-D
Low Frequncy High Frequncy

PRM

Laser Laser
1550nm SRM 1064nm
Filter cavity 2

R R

_Filter cavity 1_

A Freise, 3rd general ET workshop
P 24/11/2010
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= Quantum noise = = = Quantum noise
- Seismic noise - = = Seismic noise
- = Gravity Gradients - -| = = = Gravity Gradients
- Suspension thermal noise 1| = = = Suspension thermal noise
= Total mirror thermal noise = = = Total mirror thermal noise

Excess Gas Excess Gas
|| = ET-LF: Total noise | L -l = ET~HF: Total noise

N
T
Z
=
=
o
5
7

Strain [1/vHz]

Frequency [Hz]

A Freise, 3rd general ET workshop
24/11/2010
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ET D Parameters

Parameter

Arm length

Input power (after IMC)
Arm power

Temperature

Mirror material

Mirror diameter / thickness
Mirror masses

Laser wavelength

SR-phase

SR transmittance

Quantum noise suppression
Filter cavities

Squeezing level

Beam shape

Beam radius

Scatter loss per surface
Seismic isolation

Seismic (for f > 1Hz)
Gravity gradient subtraction

Wednesday, 24 November 2010

ET-D-HF
10 km

500 W
3MW
200K

Fused Silica
62cm / 30 cm
200 kg

1064 nm
tuned (0.0)
10 %

freq. dep. squeez.

1 x 10km

10 dB (effective)
LGj3

7.25cm

37.5 ppm

SA, 8m tall
5-1071%m/f?
none

43

ET-D-LF

10 km

3W

18 kW

10K

Silicon

min 45cm/ TBD
211 kg

1550 nm

detuned (0.6)

20 %

freq. dep. squeez.
2 x 10km

10 dB (effective)
TEMgq

9cm

37.5ppm

mod SA, 17m tall
5-107m/ f?
none

A Freise, 3rd general ET workshop
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This looks easy enough,
~ lcandoit!
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Create a vacuum in the detector's arms and cut down on coustl
But the more air you pump out, the more money you'll have to tf
hl.
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http://www.gwoptics.org
http://www.gwoptics.org
http://www.gwoptics.org
http://www.gwoptics.org
http://www.gwoptics.org
http://www.gwoptics.org
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= Mirror Sphericity

* AdVirgo example: L = 3000m, beam radius at ITM and ETM =6cm
®* ROCGCs of 153Im are required

¢ Deviation of only a few ten meters can make cavity instable
e Additional problem: polished spheres are not spherical

Example of non-spherical
mirror frominitial Virgo

Average ROC depends on
beam size used for fitting




cavity mirror diamater [cm]
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Beam sizes in Symmetrical Cavities

large beam size, lambda=1064nm
===~ minimum beam size, lambda=1054nm
large beam size, lambda=1550nm ‘
= === minimum beam size, lambda=1550nm
large beam size, LG33 mode
=== minimum beam size, LG33 mode
Advanced Virgo design

20 25
cavity length [km]

A Freise, 3rd general ET workshop
24/11/2010



known pulsar
10 M_0/10 M_0 BH-BH a=1e-6, r=10 kpc
100 Mpc

BH-BH
known pulsar
400 Mpc [a:1e—7, r=10 ka

{S-NS 300 Mpc
NS-BH 650 Mpc

100 10000
Frequency [HZ] [2007]

A Freise, 3rd general ET workshop
24/11/2010
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