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LIGO SC|ent

LIGO

eAustralian Consortium| |
for Interferometric
Gravitational Astronom
«The Univ. of Adelaide
«Andrews University

«The Australian National Univ.
«The University of Birmingham

fic Collabo

G
e
o]

0 0

L.

Universita
degli Studi
del Sannio

s S
i 4 il
L]

. . O us =0
«California Inst. of Technology & %% =8,
3 & A . N \n:l< UNIVERSITY O
«Cardiff University R .5:30 ROCHESTER
«Carleton College 0, L0 505 3
. e UNIVERSITYof WISCONSIN
«Charles Sturt Univ. DEp A UW W,
«Columbia University l;;g% ___ﬂ"' AUKEE - :
- s * b 4 THE AUSTRALIAN NATIONAL UNIVERSITY

«Embry Riddle Aeronautical Univ. 0%‘@0
«Eitvis Lorand University \‘0‘4 1

University of Florida p THE UNIVERSITY OF
® ) " San José State WESTERN AUSTRALIA

+«German/British Collaboration for
the Detection of Gravitational Waves

«University of Glasgow

«Goddard Space Flight Center
«Leibniz Universitit Hannover
«Hobart & William Smith Colleges
«Inst. of Applied Physics of the
Russian Academy of Sciences
«Polish Academy of Sciences
oIndia Inter-University Centre

for Astronomy and Astrophysics
«Louisiana State University
«Louisiana Tech University
«L.oyola University New Orleans
«University of Maryland
Max Planck Institute for
Gravit: ~

W W+

Science & Technology Facilities Council

@ Rutherford Appleton Laboratory

PENNSTATE

PAH

WASHINGTON STATE

UNIMERSITY

I

/l .
NA\ Sl “

TRINITY

UNIVERSITY
Andrews f) University

Universitat de les
Illes Balears

THE UNIVERSITY
OF ADELAIDE

CARDIFF
UNIVERSITY

iRt
(] 11

ACHUNAUTICAL UNIVERSITY

University
of Southampton

UNIVERSITY
4

SQEJ.ZEI:ISEBN/

Agricultural & Mechanical College

ation [

GODDARD SPACE FLIGHT CENTER
JERSIp b
N

— PN
TRy LAY

NORTHWESTERN
UNIVERSITY

MONTANA

STATE UNIVERSITY

IUF

== CHARLES STURT

UN

«University of Michigan
«University of Minnesota

i « The University of Mississippi

«Massachusetts Inst. of Technology,
«Monash University

«Montana State University
«Moscow State University
«National Astronomical
Observatory of Japan
«Northwestern University

‘4 eUniversity of Oregon

«Pennsylvania State University
«Rochester Inst. of Technology
«Rutherford Appleton Lab
«University of Rochester
«San Jose State University
«Univ. of Sannio at Benevento,
and Univ. of Salerno
«University of Sheffield
«University of Southampton
«Southeastern Louisiana Univ.
«Southern Univ. and A&M College
«Stanford University
«University of Strathclyde
«Syracuse University
«Univ. of Texas at Austin
«Univ. of Texas at Brownsville
« Trinity University
«Universitat de les Illes Balears
«Univ. of Massachusetts Amherst
«University of Western Australia
«Univ. of Wisconsin-Milwaukee
« Washington State University

«University of W lshmgtor‘

UNIVERSITY of

FLORIDA

I VERSITY




Direct detection of gravitational
waves from astrophysical sources

Physics

»

»

»

Observations of gravitation in the strong field, high velocity limit
Determination of wave kinematics — polarization and propagation
Tests for alternative relativistic gravitational theories

Astrophysics

»

»

»

»

Measurement of coherent inner dynamics — stellar collapse, pulsar
formation....

Compact binary coalescence — neutron star/neutron star, black hole/black
hole

Neutron star equation of state
Primeval cosmic spectrum of gravitational waves

Gravitational wave survey of the universe
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Measurement challenge

e Needed technology development to measure:

h=AL/L < 10
AL < 4x10"® meters
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Classes of sources and searches

Compact binary inspiral: template search inspiral

— BH/BH Y
— NS/NS and BH/NS
Low duty cycle transients: wavelets, T/f clusters
— Supernova
— BH normal modes
— Unknown types of sources
Externally triggered searches
— Gamma bursts
— EM transients
Periodic CW sources
— Pulsars
— Low mass x-ray binaries (quasi periodic)
Stochastic background
— Cosmological isotropic background
— Foreground sources : gravitational wave radiometry
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Systems: Interferometer Design

Parameter Initial LIGO Advanced
LIGO
Input Laser 10w 180 W
Power (10 kW arm) (>700 kW
arm)
Mirror Mass 10 kg 40 kg
Interferometer Power- Dual-recycled
Topology recycled Fabry-Perot
Fabry-Perot arm cavity
arm cavity Michelson
Michelson (Stab|e
recycling
cavities)
GW Readout RF DC
Method heterodyne homodyne
Optimal Strain 3x102%/ Tunable,
Sensitivity rHz better than 5
x 1024/ rHz
in broadband
Seismic fiow ~ 50 Hz fow ~ 12 Hz
Isolation
Performance
Mirror Single Quadruple
Suspensions Pendulum pendulum

[aser oo

pr—

Input
Mode
Cleaner

5.7 kW

4 km

B

ETM

Test Masses:
fused silica,
34 cm diam x 20 cm thick,
40 kg

™

¥
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/BS r m 815 kW
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PD
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seismic isolation system
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Schematic

Four

|
stages \~_

Damping
applied at
top stage

2 220 Main chain plus parallel reaction
/7 chain for control actuation

i (Lower support structure removed for clarity)







Suspension and isolation system







Advanced LIGO Core Optics

* 40 kg masses, 38 cm in diameter,
and figured to 0.15 nm rms
* Optical coatings are challenging
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Advanced LIGO broadband operational modes
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P.Fritschel Advanced LIGO Systems Design (2009)

Mode NS-NS Range BH-BH Range P, Tsrv ¢sre hams, 1077 (band)

0 150 Mpc 1.60 Gpe 20 W 100% - 0.53 (40-140Hz)
la 145 Mpc 1.65 Gpc 25 W 20% 0Odeg. 0.70 (110-210Hz)
1b 190 Mpc 1.85 Gpc 125 W 20% 0 deg. 0.37 (205—305 HZ)

2 200 Mpc 1.65 Gpe 125 W 20% 16 deg. 0.25 (205-305 Hz)




<Mpc> contributions as function of frequency

initial VIRGO
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NS/NS cocalescence events detected vs network SNR
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o The Advanced GW Detector Network

GEO600 (HF)

Advanced LIGO
Hanford “""" _

Advanced LIGO
Livingston

Ad\(anced -
Virgo
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LIGO Observatory Facilities

LIGO Hanford Observatory [LHO] LIGO Livingston Observatory [LLO]
26 km north of Richland, WA 42 km east of Baton Rouge, LA

2 km + 4 km interferometers in same vacuum envelope Sinagle 4 km interferometer
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Sky Localization
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The Gravitational-Wave Spectrum

Coalescence of
Massive Black Holes
NS-NS and BH-BH

Coalescence

Amplitude

Resolwved
Galactic Binaries
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Mission Concept




Spacecraft Orbits

» Spacecraft orbits evolve under gravitational forces only
* Spacecraft fly “drag-free” to shield proof masses from non-gravitational forces

Laazs LISA




UeA 3

Optical System

Test mass Teleanope Mmm

\/_,/

K-

LISA



Gravitational Wave Amplitude h

Massive black Holes In Merging alaxies
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