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An International Network of

Interferometers

LIGO

4kmx2

2km

•detection confidence

• locate the sources

•decompose the

polarization of

gravitational waves

•complemental - time

and direction

GEO

600m

Virgo

3km TAMA

300m

AIGO

80mx0.5

LCGT

3km
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The LIGO Laboratory Sites
Interferometers are aligned along the great circle connecting the sites

Caltech

MIT

3002 km

(L/c = 10 m
s)

Livingston, LA
4 km (L1)

Hanford, WA 
4 km (H1) + 2 km (H2)

<- Livingston, LA

Hanford, WA -> 

GW Sympo on July 14, 2005 4LIGO-G050317-01-E  

LIGO Beam Tube

1.2 m diameter - 3mm stainless

50 km of weld
NO LEAKS !!

! LIGO beam tube
under construction in
January 1998

! 65 ft spiral welded
sections

! Girth welded in
portable clean room

! In situ 160 C bake

! 20,000 m3 10-8 to 10-9

torr
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LIGO Vacuum Equipment
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Seismic Isolation System

Tubular coil springs with internal
damping, layered between steel
reaction masses

Isolation Performance
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     Core Optics
installation and alignment
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A LIGO Mirror

Substrates: SiO2

25 cm Diameter, 10 cm thick

Homogeneity < 5 x 10-7

Internal mode Q’s > 2 x 106

Polishing
Surface uniformity < 1 nm rms

Radii of curvature matched < 3%

Coating
Scatter < 50 ppm

Absorption < 0.5 ppm

Uniformity <10-3

!Best mirrors are !/6000 over the central 8 cm diameter
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Monitoring interferometer status

Environment

monitor

(wind,seismic,

temperatur,etc)

NS-NS

range

in Mpc

Calibration

line

State :

unlocked,

Michelson lock,

full lock,

data taking
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How does the signal look like

1.4/1.4 Solar Mass NS/NS Inspiral

signal in AS_Q... (Lormand, Adhikari)

GPS time (S), !T = 0.062s
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Results from the 1st/2nd Science Run

! Binary inspirals (S2):
» Neutron star binary coalescence: range up to 1.5 Mpc,

rate ! 47/y/MW (90% CL)

» Black hole coalescence (0.2-1M
"

) in Galactic halo: rate ! 63/y/MW (90% CL)

! Pulsars (S2):
» Limits on 28 pulsars

» Upper limits on h as low as 2"10-24 (95% CL)
and as low as 5"10-6 on the eccentricity

! Stochastic background (S1):
» Energy limit as fraction of closure density:

      h2

100
"0 ! 23 ± 4.6 (90% CL)

» PRELIMINARY S2:
      h2

100
"0 ! 0.018 +0.007-0.003 (90% CL)

! Burst (S2):
» Sensitivity: hrss ~ 10-20 - 10-19 /# Hz,

                  rate ! 0.26/day (90% CL)

» GRB030329: hrss ! 6"10-21 /# Hz

LIGO-GEO directed pulsar search
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20 years history of LIGO

! 1989 - First proposal submitted (210 M$)

! 1994 - NSF approves revised plan (360 M$)

! 1999 - Construction completed

! - commissioning of subsystems and entire interferometers

! - 2002-2006 - LIGO operation extension approved
» 33 M$ / year for operation and R&D

! 2002 August - first science data

! 2003 - Advanced LIGO proposal submitted

! 2004 - NSB approved Advanced LIGO proposal
» FY2006 request to US Congress : 184 M$ for construction and 195 M$ for operation

until FY2014

! 2005 winter - start of a long science run (S5)
» 3 interferometers at the design sensitivity to collect 1 year of data

! 2008 - Advanced LIGO funding starts
» 195M$ for operation and maintenance between 2008~2014

! - possible mini upgrade discussed

! 2010~2011 - LIGO interferometers stop operation for upgrade

! 2013 - Advanced LIGO operation starts
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LIGO Organization & Support

LIGO Laboratory

MIT + Caltech
~170 people

LIGO Scientific 
Collaboration

44 member institutions

> 400 scientists 

U.S. National Science Foundation

UK

Germany

Japan

Russia

India

Spain

Australia

$

SCIENCE
data analysis
monitor tool

Detector
R&D

DESIGN

CONSTRUCTION

OPERATION
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Time Line

NowInauguration

1999 2000 2001 2002 2003

3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

E2
Engineering

E3 E5 E9 E10E7 E8 E11

First Lock Full Lock all IFO

10-17 10-18 10-20 10-21

2004 2005

1 2 3 4 1 2 3 4 1 2 3 4

2006

S1 S4
Science

S2 RunsS3 S5

10-224K strain noise at 150 Hz [Hz-1/2]

from ICRR GW

homepage

0.1Mpc 0.9Mpc 3Mpc 8Mpc 15Mpc

->200Mpc
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S4 Sensitivity
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2001

2003
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Thermal lensing effect

Thermal lens

Thermoelastic deformation

100 nm “Bump”
On HR surface

10 nm “lens”
In Beam Splitter

In Input Test Mass
100 nm “lens” for Sapphia
1000 nm “lens” for Silika

•Extend LIGO I “WFS” to spatially

 resolve phase/ OPD errors

•Thermal actuation on core optics
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Thermal Compensation System

! Cold power recycling cavity is unstable: poor buildup
and mode shape for the RF sidebands

! Require 10$s of mW absorbed by 1%m beam

Over-heat
Correction

Inhomogeneous
Correction

Under-heat
Correction

CO2

Laser

?

ZnSe
Viewport

Over-heat pattern
Inner radius = 4cm
Outer radius =11cm

ITM
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Sideband beam images at
the dark port

No Heating        30 mW   60 mW                  90 mW

    120 mW     150 mW        180 mW           Input beam

Best match
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Bad duty cycle of LLO4k
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Active Seismic Isolation
Hydraulic External

Pre-Isolator (HEPI)

BSC

HYDRAULIC
ACTUATOR
(HORIZONTAL)

OFFLOAD
SPRINGS

HYDRAULIC
LINES & VALVES

CROSSBEAM

PIER

BSC

HAM

81%63%LHO2k

80%69%LHO4k

75%22%LLO4k

S4S3

Duty cycle

before and

after HEPI
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Advanced LIGO

Enhanced Systems

•  suspension

•  laser

•  seismic isolation

•  test mass

Rate

Improvement

~ 104

+
narrow band

optical configuration



GW Sympo on July 14, 2005 23LIGO-G050317-01-E  

180 W LASER,

MODULATION SYSTEM

40 KG FUSED

SILICA TEST

MASSES

PRM  Power Recycling Mirror

BS     Beam Splitter

ITM    Input Test Mass

ETM   End Test Mass

SRM  Signal Recycling Mirror

PD     Photodiode

Advanced LIGO Design Features

ACTIVE

SEISMIC

ISOLATION

FUSED SILICA,

MULTIPLE PENDULUM

SUSPENSION

quadruple

pendulum

Silica fibres

Silicate bonds

less direct force

suppress shot noise

180 W LASER

selectively enhance signal
SRM

ACTIVE

SEISMIC

ISOLATION

suppress seismic noise

suppress seismic and

thermal noise FUSED SILICA,

MULTIPLE PENDULUM
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Advanced LIGO
10000 times more possibility

Sky map showing locations of superclusters, walls, and voids of

galaxies within about 500 mill ion light years. Superimposed circles

show the range of LIGO (orange inner circle) and the 10 times larger

range of AdvLIGO (purple outer circle). The milky way is at the center

in this representation. Credit: the underlying black and white image

with names of clusters and voids is by Richard Powell; the

superimposed color circles were added by Beverly Berger, Division of

Physics, NSF.


