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Start of the project

Preparations towards a European Design study
already started years ago within the ILIAS project
where we had a networking group on future
gravitational wave detectors.

Name finding was a difficult procedure ©

Submitted proposal on April 30th 2007. Start was
foreseen for Jan. 2008

Start of DS remained unclear for a long time and
was postponed to May 2008.

In Sept. 2008 funding finally became available
(start backdated to May)




1st annual ET Meeting,




2nd annual ET Meeting
Erice, Oct. 2009




3rd annual ET Meeting
Budapest, Nov. 2010

Let's again take a picture of the whole team
In the coffee break @ 16:00
? here in this auditorium?
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Thermal
noise of
mirrors and
suspensions
/ cryogenics

Optical Astrophysics

configuration Issues Management

Infrastructure

J. v.d. Brand F. Ricci A. Freise B.S. J. Colas

Sathyaprakash M. Punturo
H. Luck
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WG2: Thermal Noise, Suspension,

Cryogenics
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WG3: Optical Configuration

ET-C/ET-D [
Low Frequncy

ET-C/ET-D )

High Frequncy

1550nm SRM 1064nm SRM . .
Filter cavity 1
......... - - -[]---------
SHEeEes PD Filter cavity 1 =
- el e e 1 0] Saueezer
\ 2N .
Optical element, Optical element, Laser beam 1550nm
ﬂ Fused Silica, Silicon, Laser beam 1064nm
room temperature cryogenic 000 dcecceeea= squeezed light beam




Material selection

EINSTEIN

LS

- Fused Silica Sapphire Silicon
Parameter T (K) Value Ref. Value Ref. Value Ref.
10K 6.3J/kgK [134] | 0.085J/kgK | [134] 0.276 J /kgK [134]
heat capacity 20K 25.2J /kgK [134] 0.72J /kgK [134] 3.41J/kgK [134]
' 30K 54.6 J /kgK [134] 2.6 J/kgK [134] 18.55J /kgK [134]
300K 738 J /kgK [134] 781J /kgK [134] 713 J /kgK [134]
thermal 10K 0.098 W/mK [134] 68 W/mK [134] 2110 W/mK [134]
20K 0.13W/mK [134] 575 W/mK [134] 4940 W/mK [134]
conductivity 30K 0.18 W/mK [134] | 1478 W/mK | [134] 4810 W/mK [134]
300K 1.5W/mK [134] 284 W/mK [134] 148 W/mK [134]
thermal expansion 10K | —22x 107K T [ [134] [ 1.0x 10°°K-T [ [134] | 8.8 x 10-T"K-T | [134]
’ 20K | =58 x 1077K~! | [134] | 40x 107°K~! | [134] | =25 x 107K~ | [134
i 30K | -80x 107 "K' 4oxt0' ——7—— . — 1.0x10° . — T
coetficient 300K | 5.0 x 100K J=d=rietea] + Tanai cosing 350
X 10K . . | ® Coating loss 600°C heat treatment ” . I 9 =
mechanical 20K — . “a L4 Costig loss 001G st stent R I 1
30K a 2 Y
loss 200K g : X % 6.0x10° :.“{ i
10K g 2omorq @ 1 3 NI "
20K £ 1 % § 4.0x10° ’ .
dn/dT 30K = ¢ ’ £ % g
300K 1o . 1 = ] “ Lo
et LT FEEITIRPYTININE Miany,
0.0 T r r T - T |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)
@ 300K 8103 A1203 Ti : T&zOs TaQOs T102 Nb205
Loss angle 05x107% | 24x107* | 2x107* | 38x107* | 63x1073 | 6.7x 1071
Density (kgm—2) 2200 3700 6425 6850 4230 4590
Thermal conductivity (Wm K1) 0.5 3.3 0.6 0.6 0.45 1
Specific heat ( JK ~'kg—!) 746 310 269 306 130 590
Thermal expansion coefficient (K1) | 0.51 x 107°% | 84x107° | 36x107° | 3.6 x107° | 5x10~° 5.8 x 10~°
Thermo-optic coefficient (K1) 8x107% | 13x107° | 14x107% | 23%x107° | —1.8x107* | 1.43 x 107
Young modulus (GPa) 60 210 140 140 290 60
Poisson’s ratio 0.17 0.22 0.23 0.23 0.28 0.2
Refractive index 1.45 1.63 2.06 2.03 2.3 2.21




Result:
Baseline Conceptual Design

Single Site Geometry (mostly political reasons)
Underground 100 — 200 m

30km overall tunnel length

Triangular Topology, tunnels doubly used

Dual Recycled FP Michelson

10 dB Squeezing + Filter Cavities

Xylophone configuration: cryo low power, room
temp. high power
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Xylophone: hot & cool

Strain [1/sqrt(Hz)]
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Mirror diameter x
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Mirror masses
Laser Wavelength
SR- Phase

10 SR Transmittance

Beam shape
Beam Radius
Suspension

10 km
500 W
3 MW
290 K
Fused Silica

620 mm X
300 mm

200 kg
1064 nm
Tuned
10%
LG33
72 mm
SA 8m?

10 km
3W

18 kW
10K ?
Silicon

620 x 300mm
(or 450 x 600mm)

210 kg
1550 nm
Detuned (0.6 rad)

20 %
TEMOO
90 mm
SA17m
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The infrastructure

[=] SChematIC VIeW Einstein Telescope ,g‘:’ >

. . Xylophone option (ET-C) wil o )
o Numb f 'l ! =21
Full infrastructure realized L HN (Gl (T, T, SR, Bs, P of LF 08
. Each detector (red, green and blue) '”I' of which 12 are crogenic.
consists of two Michelson inter- 3
_I n Itlal deteCtor(S) ferometers. The HF detectors need "’ ¥ X N‘zg‘;’;r gg'"gsmazi‘éipe'gc;gf
) . - , BS, an =
Im pleme ntatlon one flItercaVlty. each: while th-.a LF linerar filtercavities and 54 for
detectors require 2 filter cavities r triangular filter cavities
each due to the use of detuned
1 deteCtor (2 ITF) signal recycling. Beams per tunnel =7
Physics already
possible in

coincidence with the
Improved advanced
detectors

Progressive implementation
2 detector (4 ITF)

Redundancy and cross-
correlation

Full implementation
3 detector (6 ITF)
Virtual interferometry

2 polarizations
reconstruction










The Transversal Writing Team -

@ - consists of researchers of each working group

and participant
=@ - IS writing the
@ - has got week

Design Study document
y telecon meetings

= - has produced

a very nice draft of the design

study document; now containing 232 pages
and still rapidly growing

@ - Is discussing

transversal‘ issues, e.g.

compatibility of vacuum- and optical system.




The Transversal Writing Team -

Harald Ltck, Michele Punturo, ET-EB, Stefano
Braccini, Carlo Bradaschia, Chris Van Den
Broeck, David Rabeling, Franco Frasconi, Paola
Puppo, Roberto Passaquieti, Ronny Nawrodt,
Sheila Rowan, Stefan Hild, Tania Regimbau,
Thomas Dent, Andre Thring, Badri Krishnan,
Daniel Friedrich, Giancarlo Cella, Helge Mller
Ebhardt, Janyce Franc, Keiko Kokeyama, Matteo
Lorenzini, Peter Wessels, Sofiane Aoudia, Stuart
Reid




The Design Study Document

SEVENTH FRAMEWORK
PROGRAMME

European Commis

Einstein gravitational wave Telescope conceptual design

study

ET-0106A-10

S Aoudia', P Amaro-Seoane raccini?, C Bradaschia®®, Jvan den Brand?,
C Van Den Broeck?, G Cella?, J ' K Danzmann!, T Dent®, V Fafone®, R Flaminio”,
' ise?, D Friedrich!, E Genin®, C Graf!,
¢ Krishnan'®, M Lorenzini'!, H Liick’,
B Mours'?, H Miiller-Ebhardt!, R Nawrodt!®, G Pargue A Pasqualetti®, M Punturo!*®,

P Puppo'®, D Rabeling?, T Regimba SReid",

FRicci'®® SRowan!”, L Santamaria'® B Sathyaprakash®, S Tarabrin®, A Thiiring!, P WeBels!?
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