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LIGO
Introduction

o Laser Inter{erometer Gravitational
Wave Observatory
>) DIRECT Detection of Gravitational Waves

o Joint Caltech/MlT Project funded by
the National Science Foundation

o Under Construction
>) Two Sites -- Louisiana and Washington

LIGO-G960115-00-M



The Seience

t Newtonian Gravity has instaneous
action at a distance

Einstein general relativity theory
describes gravity as due to curvature
of space-time

lensing

o The fluctuating fields give gravitational
waves that propogate at speed of light

o LIGO: Laser Intederometer
G ravitational Wave Observatory
>) Direct detection of gravitational waves

LIGO-G960108-0GM





Gravitational Lenses
bending of light rays

Multiple images from deflection of light
rays in gravitational fields

Stars or galaxies producing such
images are called gravitational lenses

Not true lenses, since deflection angle
decreases with impact parameter,
therefore no well-defined focal length

Can detect 'dark matter'

LIGO-G960108-OG,M





Compact Binary Obiects
curvature of space-ti me

tGl LIGO-G960108-00-M



Two Black
gravitational

Holes Gollide
wave emission

. Calculation of direct collision and

emission of gravitational waves
)> NCSA - Anninos, Hobill, Seidel, Smarr, Sven

LtGO-G960108-0GM



Gravitational Waves
binary insPiral

I
I
o

two large masses 'ceform surrounding space-

time
gravitational influence travels at speed of light

ripples emanate from the bodies

deformations vary, depending on details

LIGO-G9€O108-0GM



Gravitational Waves
Evidence

. Russell Hulse and JosePh TaYlor

. Neutron Bin ary System

)> separated by 106 miles

)> ffi1=1.4m0; ffi2=1 .36mo, t = 0.617

l Predictions frorn general relativity

-Bhr

17 I sec
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Hulse and Taylor
ti ming of the orbital Period

. perio,C speeds up of 14 sec f rom 1975-94
>) measured to -50 Lrsec accuracy

deviation grows quadratically with time

due to loss of orbital energy, from the emission
of qravitational waves
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Neutron Binary Systems
ln-spiral

o
o

LIGO frequency band
>) last 15 minutes (-100 cycles)

'Chirp Signal'
Detailed waveform gives masses,
spins, distance, eccentricity of orbit, etc
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LIGO
Science Goals

c Final Inspiral of Bin ary Systems (chirp)

Design Benchmark: last 15 min

20,000 cycles

600 MLyr

o Supernovae (burst)

o Periodic Sources (track frequency)

t Early Universe (correlations)

o Unknown Sources

LIGO-G960108-0GM



FICL RES

FIG'i..{grey.scalerenderingoftheentropydistributionattheendofthesimulation,about

i0 milliseconds into the explosion. Note the pronounced poleto-pole asymmetry in the ejecta

and the velocity field (as depicted with the velocity vectors)' The physical scale is 2000 km from

rhe center ro rhe edge. Darker colcr indicates lorver entropy and' 0 = 0 on the bulge side of the

symmetry axis.
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Animations from
"'['he Astt'onolnel"s: Witves ol' tlte Future"

Used with permission of Los Angeles Public
Television station
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LIGO
Scientific Mission

o Direct Detection of Gravitational
Waves

Benchmark Source: Neutron Binary Coalescence
. Detect the last 15 minutes of Hulse/Taylor type

binary system (eg. 100 million years)

. Sensitivity -- detection rate >3 year

Other Sources

o Fundamental Physics (GR)

Velocity Limit
>) Measure Polarization and Propagation Speed

LIGO-G960108-0GM





Gravitational Waves
the effect

Leonardo da Vinci's Vitruvian man

stretch and squash in perpendicular directions
at the frequency of the gravitational waves

. The effect is greatly exaggerated!!
>, if the man was 4.5 light years high, he would grow by

only a 'hairs width'
,, for LIGO (4 km), stretch (squash) = 10-18 m will be

detected at frequencies of 10 Hz to 104 Hz. lt can
detect waves from a distance of 600 106 light years

LIGO-G960108-00-M



Gravitational Waves
Effecfs

o Displacement of free Particles
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Gravitational Waves
Detection
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o Bar detector

@ Gravitational Waves
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o I nterferometer detector
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LIGO INTERFENOMETERS

!-aser

L+A L

hotodetector

HTc makeAL
large enough
for detection
requires
LZ4km

t Measured waveform, hQimd = AUL,
is a linear combination of h+ and hx
which depends on interferometer's
orientation



LIGO Systems Engineering and Integration

40 m Lab

40 m Displacement Sensitivity
Comparison of Estimated Nolse Levels on 10128194
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Interferometer
Noise Limitations

INTERFEROMETER,
SIGNAL, AND NOISE

(frequency

laser recycli
residual gas noise)

I
noise) b 

1

L1

S|GNAL= Ll - l*
photodetector
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I n itial I nterferometers
Norse Floor
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NEttTnON STAR B|NAR|ES ,t: *"fra

[" N ear-G u a ranteed" soL] rcel
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to-23
1 10 100 1000

frequency, Hz

Present
Search

1

103

106

109

1012

1015

f 15 minutes &1 0,000 orbits in LIGO band

fRich information in waveforms:
masses, spins, distance, di rection,
nuclear equation of state
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LIGO Plans

o Main Activity
1996 Constructi+n Unde r^way

-mostly civil

1997 Faciliiy Ccnstru*tic*
-vacuum syster.r

1998 Interferorn*ter ccr:struction
-complete facilities

1999 Construction Compiete
-interferometers in vacuLm

2000 Commission Detectors
-first light; testing

2001 Engineering Tesis
-sensitivity; engineering run

2002 Initial LIGC Detector Run

h - 10-21

LIGO-G960't 08-00-M
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Beam Tbbe

5LIGO 11t13/94
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Conclusions
.: LIGC Construction is well

Und*rway

: Direct Detection of
G ravitational Waves Appears
Realistic within 10 years

Capable of Opening a New
Field of Observational
Astronomy with Gravitational
Waves is the Long Term
Goal.
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L}GO
some facts

r The Project
)> construction cost -$300M
,> construction scheduled for completion in 1999

t Cperations of LIGO Laboratory
,> operating budget is -$25M lYear

,> initial design sensitivity by 2002

r Caltech and LIGO
>, faculty:B. Barish, K. Libbrecht; T. Prince, R.Vogt
>) total staff - 80
,> LIGO project management at Caltech

)> LIGO central engineering support at Caltech

,, Advanced R&D at Caltech (a0m, etc)
>) Detector support and operations
)> Graduate Thesis

LIGO€96010&.0G.M


