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They Exist !

On the Earth:
o TAMA 300 / KAGRA - Tokyo / Toyama, Japan
@ GEO 600 / HF - Hannover/Ruthe, Germany
@ Virgo 3000 / AdVirgo - Pisa/Cascina, Italy
@ LIGO 4000 / aLIGO - Washington+Louisiana, USA

@ BARS: ALLEGRO, AURIGA, NAUTILUS, EXPLORER

Space:

@ LISA 5x1076 - Orbiting the Sun (2035-2040)
@ Pulsar Timing (IPTA) - Analyzing Radio data (NOW)
@ BBO/DECIGO - Directly Observe Inflation (?22?)
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GWs and Bars

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

@ Much improvement in Bars
@ Cryogenics

® Quantum Limited Readout

Detector Location Freq. Peak Strain
(Hz)  Strain Noise

(he) (h(f))
ALLEGRO LSU 900 Td07™ w107
EXPLORER CERN 900 7x107' 7x10°'?
NIOBE UWA 700 5x107' 7x107%*
NAUTILUS Frascati 900 6x107' 7x 107
AURIGA  Legnaro 900 3x107'® 7x10°'
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UNIVERSITY OF MARYLAND

Joe Weber + Bar

Bar display at LIGO Hanford 3



First World-wide GW Network:
IGEC

International Gravitational Event Collaboration
Established 1997 in Perth

Included all
operating bar
detectors in the
world

/| Detector Location Freq.
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Anti-
Symmetric
Port

COURTESY LILLIAN MACARTHUR PhotoDetector 1{ ¥
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Typical Optical Configuration

Michelson Interferometer
+ Fabry-Perot Arms

: end test mass
+ Power Recycling

km scale Fabry-Perot
arm cavity
recycling
mirror input test mass

Laser

beam splitter

GW Signal Readout
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quantum fluctuations in the very early Universe
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Beyond Einstein Roadmap



1979:

Gravitational Wave Observed

PSR1913+16: |
‘Hulse-Taylor
Binary Pulsar’

.
SCIENCE DP‘H LO| IBRAR
LT :



http://nobelprize.org/nobel_prizes/physics/laureates/1993/
http://nobelprize.org/nobel_prizes/physics/laureates/1993/
http://nobelprize.org/nobel_prizes/physics/laureates/1993/
http://nobelprize.org/nobel_prizes/physics/laureates/1993/

Timeline of GV Detectors
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LIGO Laser Interferometer Gravitational-wave Observatory

Hanford Nuclear Reservation,
Eastern Washlng‘fW_' Two nearly identical sites (very different

seismic, cultural environments)

Arms aligned to observe same
polarization

Hanford used to have a 3rd
interferometer of half length
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GE0600

G
e
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: = Interferometer with 600 m arrffs&m:

located near Hannover, Germany

Developed many advanced

. techniques:

monolithic glass suspensions,
signal recycling, electro-static

- drive, stray charge reduction,...

14




)
=
—_
&
>
“
=
z
- —
o
s
..
-
—
Qvl
-
semm
-
- —
£
=
<
o
—
~
o
- o—
~
vl
=

s S 31 Nov 5403
s S3TT Dec 31 403

‘&W Mar 23406/ 7

LLLI R
Heeee |

e

mmr™i—
HELTE D ] e
Heere |
Heere v |
Heeee
——
el |

Ty

AR S S

Hieee
Heere 1
e
i

il

Ll
s

.l“ﬁﬂ
L T
L=

TITT T T
e

e
mnrT
e
e

|4+ & —
[ 4] 4 b -
Willd L o
i
e
L4 L -
e i
WL L L

T = .. TR TR
upege TO5 . (THRIEE TTTNN NG -
1 > o T TN

I8 o sl (TEVAN B (TN |

iy L
HIH +
] 4=
SR W B Wy &
Wi |
e
R0 Sy S8
e

AL L

>~
— ~
|

=

—

[ZHN Yl ASY




| ——SRtuning=1kHz |
. | —SRtiuning = 550 Hz |

Strain [1/sqrt(Hz)]

Frequency [Hz]

Location of Signal Recycling Mirror
Changes Frequency Response

(Frequency of Maximum Sensitivity)
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\Algelo
One interferometer

with 3 km arms,
located near Pisa, Italy
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Building



C1 Nov 2003
C2 Feb 2004

C3 Apr 2004

C4 Jun 2004

C5 Dec 2004

C6 Aug 2005

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

z]

Sensitivity [

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




TAMA300

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

@ Project started 1995

@ First large interferometer ... ~,',_,},-’»5~¢r =
- a, 4 <
to begin observations & -

@ Best sensitivity in v i
world 2000-2002 n

from Kazuaki Kuroda
for the TAMA/CLIO/LCGT Collaboration

Mitaka campus, National
Astronomical Observatory

20



TAMA300 Sensitivit

-Illlll I ' rllllll

—— Feb. 14, -.1\-)99

— Sep. 3, 1999

A A

— Jul. 12, 2003
—— Nov. 04, 2003
— Phase2 limit

N

o
N
ks
——
e
—~—
P
=
=
@*
<
>
v
h
<
©
—
&

SRR =iyt R
10° 10° 10°
Frequency [Hz]




A Global Network
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Looking fo the Future



LIGO
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Advanced LIGO

~ Initial LIGO Goal
Enhanced LIGO Goal

— Advanced LIGO Baseline
S R S R S N

Displacement [m/rHz]

x10 better amplitude sensitivity
= x1000 rate=(reach)3

= 1 day of Advanced LIGO
» 1 year of Initial LIGO !
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LIG

10724 |

L~

s, Vela SpYndown
. Upper Limit

¥ Crab Spindown
Upper Limit

(&
it
20M,/20M,, j\ <@

Bﬂ/BH Merger, z=1 R \

100 200
frequency, Hz



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

3x102/ rHz

Tunable, better than
5x 102 / rHz in
broadband

f,,, =~ 50 Hz

low

faa 10'Hz

low

Single Pendulum

Quadruple pendulum

27




Advanced Virgo

@ Similar scope
to AALIGO

@ Larger mirrors

@ Improved
coatings

@ Higher laser
power

@ DC read-out
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dvanced Virgo with SR
dvanced Virgo without SR
irgo+ with NN

10 100 1000 10000
Frequency [H z]




Stefan Hild

Plans of GEO

Dual-Signal-Recycling

= M

= DSRM
* Rolmor

“? Photo diode

SQZ

operate GEO600 / GEO-HF as
LSC detector

LSC data analysis

laser and suspensions for
AdvLIGO (laser for Enh. LIGO)

contribute to AdvVIRGO design

R&D and design towards third
generation detectors

Damping Controls

Hierarchical Global
Controls

Electrostatic




GEO HF

Emphasize high frequencies--length less important

Pioneer advanced techniques for other large
interferometers

Tuned signal recycling and squeezing

Y
o

[ —— GEO Design, kW ICP

— GEO HF, T0kW ICP, 1 =0.83, 5QZ=6dB

—— GEO HF, 70kW ICP, 1,=0.80, tuned, SQZ=648 |
full coating thermal nolse, silica

s -h
o o

Linear nosa spectral density [1/ vHz|

-
o

10° 10°
Frequency [Hz]




KAGRA

@ 3 km baseline
@ Utilizes cryogenic mirrors (sapphire)

@ Construction at an underground site (Kamioka
mine)

@ Two parallel interferometers installed in a
common vacuum envelope

@ Suspension pointzinterdferometer
for the TAMA/CLIO/%ICGT Collaboration



LCGT
Conceptual Design

i
=
l

Vacuum is common
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o Overview of KAGRA

KAGRA science

ction of GW
pservation

 Characteristic features
— Underground at Kamioka

-
— Open istronomy
 Worl etwork

i ~

A — Gryogenic mirror
. g ow

NASA Photo

KAGRA enhances sky coverage !

Hanford (double) + Livingston + VIRGO isotropy Hanford (double) + Livingston + VIRGO + LCGT isotropy

coverage at 0.707 of maximum range coverage at 0.707 of maximum range ”
a4

e . 20K sapphire mirror
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CQG 28 (2011) 125023 B.F. Schutz



KACRA

C 2=

Main SAS: 13m tall
2 stages of floor

Vibration Isolation

=) |

unnel

P

e 19 standard filters
have been built and

' delivered: final assembly

of the GAS filters is
ongoing

* Six out of 11 pre-
isolator top filters have
been finished

* Prototypes of a
complete chain pre—
isolator, standard filter,
bottom filter and optical
payload have been
completed and are
under tests in Japan




<o
KACRA  jtimate design sensitivity of KAGRA

This sensitivity achieves 167 Mpc for

coalescence GW of 1.4 Ms NSB. Duty factor: > 80%
Expected event rate

N
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20kg test mass at 20 K 9.8 :Uels yrl
Suspension of Q=108 i

Bulk Q of mirror 108

400kW cavity power

Q of coating: 104

DC read out

—t
ol

—

o,
N
=5

-_—t

=)
N
N

il

=
N
w

quantum

i 8
=
~~
X
>
=
2
=
o
=
@
7))

mirror ‘l

\l‘.

il

=
N
S

suspension

sl

o
N
(o))

RS LA
100
Frequency (Hz)




ET Baseline Concept

Underground location

~ Reduce seismic noise

- Reduce gravity gradient noise
- Low frequency suspensions

Cryogenic
Overall beam tube length ~ 30km
Possibly different geometry

'—T"\




Einstein Gravitational-Wave
Telescope (ET

Virgo Desigh

LIGO 2005 AU{/GA 2005

DUAL Mo

(Quantum Limit)

1 100 1000 10000
from Harald Liick Frequency [HZz]




