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They EXist !

On the Earth:
@ TAMA 300 - Tokyo/TAMA, Japan
® GEO 600 - Hannover/Ruthe, Germany
@ Virgo 3000 - Pisa/Cascina, Italy
@ LIGO 4000 - Washington+Louisiana, USA
@ BARS: ALLEGRO, AURIGA, NAUTILUS, EXPLORER

Space:

@ LISA 5x1076 - Orbiting the Sun (2015-2020)
@ Pulsar Timing - Analyzing Radio data (NOW)
@ BBO/DECIGO - Directly Observe Inflation
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GWs and Bars

@ First ground-based detectors—
the beginning of GW
detection: Weber

@ Much improvement in Bars
@ Cryogenics
ut

g

@ Quantum Limited Reado
..~
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First World-wide GW Network:
IGEC

International Gravitational Event Collaboration
Established 1997 in Perth

Included all

o | A : operating bar
S - !l.. _ detectors in the

NAUTILUS World
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Detecting GWs with Interferometry

Suspended mirrors act as
“freely-falling” test masses
(in horizontal plane) for

frequencies f>>f 4

test mass

light storage arm
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test mass rage arm test mass

test mass

beam
splitter photodetector




Detecting GWs with Interferometry

Suspended mirrors act as
“freely-falling” test masses
(in horizontal plane) for

frequencies f>>f 4

test mass

light storage arm

ligh
st
test mass rage arp test mass

test mass

Terrestrial detector
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Michelson Interferometer
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Reflected Port Lx
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Michelson Interferometer
+ Fabry-Perot Arms
+ Power Recycling

recycling

mirror

Laser

end test mass

km scale Fabry-Perot
arm cavity

input test mass

beam splitter

GW Signal Readout
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GEO600

'\ Interferometer
- with 600 m arms,
located near
Hannover
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\Algelo
One interferometer

with 3 km arms,
located near Pisa, Italy




—C1 Nov 2003

C2 Feb 2004

C3 Apr 2004

C4 Jun 2004

C5 Dec 2004

C6 Aug 2005

C7 Sep 2005
WSR1 Sep 2006
WSR9 Feb 2007
WSR10 Mar 2007
VSR1 May 2007

Sensitivity [h/\Hz]

Gl 1 T e ;
N W hi\’WINW“' ks

gwﬂ'ww | lx ]

| C1 & C2: single arm ; C3 & C4: recombined ; C5 & after: recycled i Frequency [Hz]




— Virgo VSR1 (18 May 2007)
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— GEO (3 Jun 2006)
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TAMA300

® 300 m interferometer, located at National
Astronomical Observatory of Japan (Tokyo)

@ Project started 1995

@ First large interferometer .= y,
to begin observations ‘

@ Best sensitivity in
world 2000-2002

from Kazuaki Kuroda
for the TAMA/CLIO/LCGT Collaboration

Mitaka campus, National
Astronomical Observatory




TAMA300 Sensitivit
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New Seismic Attenuation

Filter Zero

@ Recognized need for

better seismic isolation
Standard Filter

. . Monolithic GAS
@ Joint development with

LIGO, based on earller | Passive Damper
: Lo Recoil Mass
Virgo concept

@ Now being installed




AIGO:

AUSTRALIAN INTERNATIONAL
GRAVITATIONAL-WAVE OBSEKVATOKY ,/

o 8km x 8km AIGO site 70km
north of Perth granted 1998.

o Currently operating

80m High Optical Power
interferometer test facility
in collaboration with LIGO.&



A Global Network




Looking fo the Future
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Advanced

~Initial LIGO Goal
Enhanced LIGO Goal
—Advanced LIGO Ba_seline

Displacement [m/rHz]

x10 better amplitude sensitivity
Frequency [Hz
= x1000 rate=(reach)3
= 1 day of Advanced LIGO
» 1 year of Initial LIGO !




LIG

10724 +
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m What is so Advanced?

Parameter LIGO Advanced LIGO
20 kW 800 kW
10 kg 40 kg

Power-recycled
Fabry-Perot arm
cavity Michelson

Dual-recycled Fabry-
Perot arm cavity
Michelson

RF heterodyne

DC homodyne

3x 102/ rHz

Tunable, better than
5 x 102 / rHz in
broadband

.. ~50Hz

low

{0 10 Hz

low

Single Pendulum

Quadruple pendulum
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m Enhanced LIGO
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m Enhanced LIGO
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m Enhanced LIGO

e 4Q 4Q 4Q 4Q 4Q
05 06 07 08 09 0

@ Enough fime for one significant set of
enhancements

@ Higher laser power
@ DC readout
@ Output modecleaner

@ Aim for a factor of 2 improvement in sensitivity
(factor of 8 in event rate)

@ Early tests of Advanced LIGO hardware and
techniques
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1) Virgo Plans

Virgo+:
Intermediate upgrade toward Advanced Virgo

At least2 times sensitivity increase over

nominal Virgo

Build and commission from 2008 to mid 2009

Science run in 2010

@ Advanced Virgo:
@ Major upgrade for all subsystems
@ 10 times sensitivity increase over nominal Virgo

@ Installation beginning in 2011
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Expected sensitivity of Virgo+

,,,,,,, 50W/2 + current mirrors
—— Nominal Virgo
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) —— Virgo+ with Newtonian Noise
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Frequency [Hz]

Julien Marque
Rencontres de Moriond

1000

30

10000

Virgo+ configuration
not yet set

» Higher power
laser

» Fused silica
suspensions

» Increase arm
finesse

Final Decision to be
made late 2007
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Advaned Virqo

dvanced Virgo with SR

@ Similar scope o 4 el M N S
to AdLIGO N : A
I
@ Larger mirrors =
L2
@ Improved —
coatings <
@ Higher laser
10 100 1000
power Frequency [H z]

® DC read-out

@ R&D underway

31



Plans of GEO

= operate GEO600 / GEO-HF as
LSC detector

Stefan Hild

LSC data analysis

laser and suspensions for ie
Dual-Signal-Recycling AdvLIGO (laser for Enh. LIGO)

. contribute to AAVVIRGO design  Joptics rabie meefie <>

R&D and design towards third
generation detectors Damping Controls

(Seismic Isolation System)

= M,

Hierarchical Global
Controls

— DSRM

! Rotator Electrostatic
SQZ

, agi uati
7 Photo diode [FEIE } R - J i wen




Stefan Hild

Linear noise spectral density [1/ waz]

N
Ov

[N
[=3

)

-
O

)

GEO HF

— GEO Design, 7KW ICP
— GEO HF, 70KW ICP, 1.=0.88, SQZ=60B

| —— GEO HF, 70kW ICP, r,=0.80, tuned, SQZ=6dB

~ full coating thermal noise, silica

Frequency [Hz]

power-
recycling
mirror

squeezed :
vacuum noise’

signal-recycling
mirror

squeezed vacuum
/1 ¥ noise + signal

W rphotodetector




LCoT .
- Large-scale Cryogenic

@ 3 km baseline
@ Utilizes cryogenic mirrors (sapphire)

@ Construction at an underground site (Kamioka
mine)

@ Two parallel interferometers installed in a
common vacuum envelope

@ Suspension point interferometer

Kazuaki Kuroda
for the TAMA/CLIO/LCGT Collaboration
34



LCGT noise budget ~. =771«w f,,=230 Hz

sig

TAMA
noise level

Frequency [HZz]

Kazuaki Kuroda
for the TAMA/CLIO/LCGT Collaboration
35




LCGT
Conceptual Design

Vacuum is common

36



AIGO Planning

@ Western Australian Centre of Excellence for
Gravitational Astronomy 2005

& WA Government Steerj

o Project prospectus
completed 2006

o AIGO concept plan
submitted to Minister
for Science Oct 2006-

RN .,.x’__.'—- S

@ AlIGO International
Advisory Committee
appointed




o AIGO provides strong science benefits e.g. host
galaxy localization

o 5km baseline sensitive to inspirals in the range ~
24510]\% [o]@

o Australian Consortium welcomes new partners in
this project
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Einstein Gravitational-Wave

Telescope (ET

107"
20 LIGO 2905 AUR|GA 2005
Virgo Desig
~ 107
I
=
3 102
£ 107%°
107
LNl Einstein GW Telescope
1 0-25

1 10 100 1000 10000
from Harald Liick Frequency [HZ]
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ET Baseline Concept

———— —

= Overall beam tube length ~ 30km
Possibly different geometry

%

40



Some Timelines
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Coalescence of — NS-NS and BH-BH
Massive Black Holes Coalescence

/ Resolved \ /

Galactic Binaries

—— SN Core
Collapse
Unresolved
Galactic
Binaries LISA LIGO N
| | | | | | | | |
1074 1072 10° 102 104

Frequency [Hz]
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Support Proof mass Telescope ~ Mirror Secondary

,thermal ~ _“support  /support
~ shield

cylinder .

Fiber to other
optical assembly

Interferometer
Electronics

Accelerometer "\
Electronics ~

Electronics
plate

Fiber from

Secondary
laser

mirror

1 AU = 1.5x108 km




21210,

@®|_ast year of every merging NS-NS, NS-BH, BH-BH of
stellar mass at z<8. ~1 arcmin positions.

®L_uminosity distances for (1): ~104-10° sources,
accurate to < 1%

®Measure dz/dt in galactic sources from stretching of
chirp, gives H(z). Dark energy probe.

®All mergers of intermediate mass BH at any z.

®Cosmic/Superstrings over entire range G/c2>10-14




BBO & Stochastic Background

JDEM §

-15

-20 1 1 1

log(f) (Hz)

LIGO-I

1GO

- least contrived

scale-free inflation

models
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BBO v. LISA

BBO

LISA

Arm length L (km)

Laser Power I, (W)

Laser A\ (nm)

Mirror diam D (m)

Accel. noise (m s 2Hz 1/?)
Proof Mass M (kg)
Interferometer op

Proof mass accel

5 x 104

300

355

2.9

3x10 7 at 0.1 Hz
10 Al,O45

dark fringe

854 107" m: 8+

5 x 10°
|

1065
0.3

3 x 10 1° at 1mHz
1.6 Au/Pt
fringe counting

0

c/(2wL) (Hz)
Position shot noise (m Hz /%)
Pointing stability req

1
1.5 x 1017
10~ 12rad Hz /2

0.01
1.1 x 10
10—8rad Hz /2




Summary

®Lxisting Ground Based Interferometers at/near design
®Next Generation of IFOs promise daily/weekly detections

®Spaced Based Interferometers are 10-20 years in the future

®




