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s Gravitation waves
s LIGO: a terrestrial GW detector

m Detector performance and initial
scientific result

= Advanced LIGO
= \Welcome Chinese colleagues
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Replace gravitational field by curvature of space-time
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uco “Colliding Black Holes”

Credit: National Center for Supercomputing Applications (NCSA)
March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech




LIGO  (Gravitational Radiation
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gravitational radiation from
Inspiral of compact

stellar-mass binary objects

(black holes, neutron stars)

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech




Neutron Binary System — Hulse

& Taylor

PSR 1913 + 16 -- Timing of
pulsars

Neutron Binary System i ~8hr I

» separated by 10° miles
*mi1=1.4me;, My, =1.36me; € = 0.617

Prediction from general relativity
e spiral in by 3 mm/orbit
 rate of change orbital period

March 2, 2004

Comparison between observations of the binary pulsar
PSR1913+16, and the prediction of general relativity based on
loss of orbital energy via gravitational waves
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Interferometers
Based on Lasers

Gravitational Wave
Astrophysical Source

Terrestrial detectors
International Network

Detectors
In space
LISA
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LIGO

anleis 38N ard 387§

March 2, 2004

International Network

Simultaneously detect signal (within msec)

Gravitational Wave International Committee (GWIC)

GEO| | Virgo

TAMA

nnnnnnnnn

AIGO

Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech

¥ detection
confidence

¥ |ocate the sources

® verify light speed
propagation

® decompose the
polarization of
gravitational waves

®Open up a new
field of astrophysics!



vico LIGO, VIRGO, GEO, TAMA ...
International network
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LIGO Astrophysics Sources by Frequency | "f;f

= EM waves are
studied over ~20
orders of
magnitude
= (ULF radio —> HE

y-rays)

= Gravitational
Waves over ~10
orders of
magnitude

(terrestrial +
space)

March 2, 2004
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Gravitational
wave
observations
will provide

Visible

a new way to
view the

dynamics of
the Universe
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tico Nature of Gravitational Radiation {4 *

General Relativity predicts :  + - Polarization:

: : : e o N . g —
* Transverse space-time distortions, s ,.f’ 5 R '\.* PN J" ‘:,
freely propagating at speed of light %, Lol e et N
Mass of graviton =0 : =
:r X - Polarization: |
« Stretches and squashes space N s e P
between “test masses” — strain ¢ ¢ a oy ¢ i
“-\__F_,J’ h" L . o LN

h=AL/L i
C i :  T=o0 roew g faw o p_ap T=P_
Conservation laws: . =1 == =7 ew = Fawr|

econs of energy = no monopole radiation

econs of momentum = no dipole radiation

| Contrast with EM dipole radiation:
equadrupole wave (spin 2) = two . o
polarizations X ((4_, )) /I\

plus (®) and cross (®)

Spin of graviton = 2
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Lico Interferometric Detection of GWs §.4 \g*
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mirrors
y p L-AL
GW acts on freely| laser &l
- L L+AL
falling masses: k
Beam AL
splitter h = —
V=0 L T o=Ad
For fixed ability to N
measure AL, make L photodiode P, =P_sin?(2kAL)
as big as possible!

P

Antenna pattern:
(not very directional!)

/3

+ polarization . polarization unpolarized
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i O Detecting a Passing Wave
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Interferometer

March 2, 2004
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tico Interferometer Concept

s Laser used to
measure relative = Arms in LIGO are 4km

Iengths of two = Measure difference in
orthogonal arms length to one part in 1041 or
1018 meters
a ...causing the I
Interference pattern [3 As a wave
to change at the == passes, the
photodiode arm lengths
change in
I~ different
—’ ,E]/k ways....
7k
S 4 '.

4 Beam
/ splitter

Test-masses

photi;diude
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Michelson interferometer with Fabry-Perot arm cavities

\,
Tonu2>

47,

(\FORN,
g

LIGO LIGO Optical Scheme

end test mass

*Arm cavity storage time
T ~ 1/2nfg,,

4 km Fabry-Perot cavity

*Recycling mirror matches losses,
enhances effective power by ~ 50x

recycling

mirror \

LASER/MC

20000 W
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vco What Limits Sensitivity?

Seismic noise & vibration
limit at low frequencies W
10
Atomic vibrations (Thermal

Noise) inside components

limit at mid frequencies

N
T 21
10
Quantum nature of light =
(Shot Noise) limits at high S
frequencies =
Myriad details of the lasers, 10 |

electronics, etc., can make
problems above these

\

levels _ 2\
/ RESIDUAL GAS, 10‘9 TO\RR Hy
: - 25 - m —
Running at 10 10 10 100 1000 10000
Frequency (Hz)
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LIGO | |GO Noise-limited Sensitivity

The noise in the LIGO
Interferometers is
dominated by three
different processes
depending on the
frequency band

Shaking of ground
transfers through the
suspension into
movement of the test

mirrors

Recycling
mirror

A T
I - ] II
¢ i |
i Beam
/ splitter
photodiode ‘—

thermal noise in
mirrors and
suspensions

¥

1 1Ll lllll 1 1 lllllll 1 Illlll]

L! llII
= i 10

100 1000 104
Frequency

Fluctuations in the
number of photons

At present, noise in the LIGO detectors is dominated by
“technical” sources, associated with as-yet-imperfect
implementation of the design

March 2, 2004
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arriving at the
photodiode




LIGO LIGO Laboratory Sites

Interferometers are aligned along the connecting
the sites
Hanford, WA (4 km (H1) + 2 km (H2))

e

Calte-c-h;

L

Livingston, LA (4 km™
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S«;\'c urgo

LIGO LIGO Observatories &

o N H'ﬁ»

e

GEODETIC DATA (WGS84)
h: -6.574 m X arm: S72.2836°W
¢: N30°33'46.419531" Y arm: S17.7164°E
A: W90°46’27.265294”

\ 8 Livingston Observatory

’.—\k R HT____.f.f—4'4"""' Louisiana
Ay

E=. One interferometer (4km)

Loe

Hanford Observatory
Washington

Two interferometers
(4 km and 2 km arms)

GEODETIC DATA (WGS84)
h: 142.555 m X arm: N35.9993°W
@. N46°27°18.527841” Y arm: S54.0007°W
A:W119°24'27.565681"
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LiGO LIGO Beam Tube

» LIGO beam tube
under construction In
January 1998

= 65 ft spiral welded
sections

o . : o
e e O .\ = ‘&d = girth welded in

1.2 m diameter - 3mm stainless NO | EAKS | portable clean room

50 km of weld in the field
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LIGO LIGO Vacuum Equipment

by,

March 2, 2004 ~ Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



W->W (vertical) transfer function

- measured [ -
model

i I L i i | i I I
2 3 4 56780910 20 30 40 50 60 70809000
frequency (Hz)

Tubular coil springs with internal
damping, layered between steel
reaction masses
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Lico A LIGO Quartz Mirror

Substrates: SiO,

25 cm Diameter

10 cm thick
Homogeneity < 5 x 10~/
Internal mode Q>2x10°

Polishing Surface:
Uniformity < 1 nm rms

Radii of curvature
matched < 3%

Coating Scatter< 50 ppm
Absorption < 0.5 ppm
Uniformity <103

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO Core Optics Metrology
Current state of the art: 0.2 nm repeatabillity

~3.41

= mm
1 r 1 1 11 1 1 T 17 17 T 1 o I e S e e e B e S s e M
0 -l 40 =2 ED 1m 1zo o 1= o = 41 - go 1o 1zn 141 1m

LIGO data (1.2 nm rms) CSIRO data (1.1 nm rms)

>»Best mirrors are A/6000 over the central 8 cm diameter

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech
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é/{_/]‘/;o Commissioning and Science Runs

1999 2000 2001 2002 2003 2004
,3Q,4Q11Q 2Q 3Q 4Q,1Q 2Q 3Q 4Q;1Q 2Q 3Q 4Q1Q 2Q 3Q 4Q JLQ 4 2Q 3G

1I 1I I1 I m

Inauguration  First Lock Full Lock all IFO's
: : El E2 E3E4 E5 E6 EY ES E9 E10
Engineering —e o e o o oo o o °
: S1 S2

Runs Science oo — RE
First
Science
Data
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LIGO

le-16 T

le-20

h[f]. 1/Sqrt[Hz]
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Lico Sensitivity and 3 Science Runs  ¢. \
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: . 5 M
Best Strain Sensitivities for the LIGO Interferometers : /

le-16
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Comparlsons among S1, S2, S3

LIGO-G030548-02-E
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1st Science Run |:--

end Sept. 2002 i
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= i
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| ]
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= 59 days ) MW
<= le-21 ; ;
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vico In-Lock Data Summary from S1

Red lines: integrated up time Green bands (w/ black borders): epochs of lock

H1: 235 hrs H2: 298 hrs L1: 170 hrs

3o 715618813 51 run: science segmerts Trom 714150013 1o 715618813

v
[ = totai= 170krs

| / L
i :\H“” [ AN N an il B
) ok b faR BGT DA MWD 01 G N2 GeD DROE 0% B SR CheR DN

sAugust 23 — September 9, 2002: 408 hrs (17 days).
*H1 (4km): duty cycle 57.6% ; Total Locked time: 235 hrs
*H2 (2km): duty cycle 73.1% ; Total Locked time: 298 hrs
L1 (4km): duty cycle 41.7% ; Total Locked time: 170 hrs

*Double coincidences:
L1 && H1: duty cycle 28.4%; Total coincident time: 116 hrs
o1 && H2 : duty cycle 32.1%; Total coincident time: 131 hrs
*H1 && H2 : duty cycle 46.1%; Total coincident time: 188 hrs

*Triple Coincidence: L1, H1, and H2 : duty cycle 23.4% ;
*Total coincident time: 95.7 hrs

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech


http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H2
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H2
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H2
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/H2
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/L1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/L1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/L1
http://www.phys.lsu.edu/faculty/gonzalez/S1LockStats/L1

= Compact binary inspiral: “chirps”
= NS-NS waveforms are well described
= BH-BH need better waveforms
= Search technique: matched templates
= Supernovae / GRBs: “bursts”

= burst signals in coincidence with signals in
electromagnetic radiation

= Challenge to search for untriggered bursts
= Pulsars in our galaxy: “periodic signals”

= search for observed neutron stars (frequency,
Doppler shift)

» all sky search (computing challenge) hv

= -modes °

Su

Analog from
cosmic microwave

. . y : I ;
= Cosmological Signals “stochastic background” background --
WMAP 2003

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO Frequency-Time Characteristics & y

Broadband Stochastic Background

Mergers

= CW (quasi-periodic)
ViR Y A S Y i S
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vico 1. Compact binary sources
Coalescence inspirals

Detectability of coalescing binary sources during S1

(for optimal location & orientation relative to antenna pattern)
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10000

Insplral Merger | Ringdown
=
.. | e =
%*“ -
2> | =

|

|

!f\

»
r ol

time

=—known —>| supercompute r|-c—k nown——=

~1000 cycles simulations
~1 min | ? J
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LIGO

2. Periodic sources

10-1% T T T T T T T
10-14 31 ... .

1015 sensitivities 42 2km
10-16 &y _- H1 4km
10-17 L'-a'f -- L1 4km
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100 1
frequency (Hz)

Crab pulsar

= hy: Amplitude detectable with 99%
confidence during observation time T

= Limit of detectability for rotating NS with
equatorial ellipticity, ¢= dl/l,,:
103,104, 10° @ 10 kpc
=Known EM pulsars

= Values of h, derived from measured spin-
down

PSR J1939+2134
P =0.00155781 s
fow =1283.86 Hz
P =1.0519 109 s/s
D =3.6 kpc

= |F spin-down were entirely attributable to
GW emissions

» Rigorous astrophysical upper limit from
energy conservation arguments

Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO

Sensitivity of LIGO to burst sources

3. Burst sources

10—19

10-20

10-%
E..I R TTTT REERETIT B S AR

10 100 1000 104
Frequency (Hz)

Expected SNe Rate
1/50 yr - our galaxy
3/yr - Virgo cluster

March 2, 2004

Pre-supernova star

Collapse of the core

Interaction of shock
with collapsing envelope

| TV 4

neutrinos emitted

light emitted

Star brightens byru 10% times

Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech




AVE EU EARTH
TR;N P
oF ’ “OTops Now
3 < e
o c.% 10 billion
YEARS
Planck Time 1 SECOND 1‘?%333
10-43SECONDS
Singularity
creates
Space & Time
of our universe
Sources Analog from cosmic microwave
= Early universe sources (inflation, cosmic background -- WMAP 2003

strings, etc) produce very weak, non-thermal

(eg, power-law spectrum), unpolarized,

Isotropic, incoherent (stochastic) background

spectrum The integral of [1/feQ)s,(f)] over all

frequencies corresponds to the
fractional energy density in
gravitational waves in the

Universe

[ d(int) Qg (1) =Lou_

0 IO critical

= Contemporary sources (unresolved SN &
inspiral sources) produce power-law spectrum

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO |LIGO Data Analysis Groups

= LIGO Scientific Collaboration (LSC) Analysis Groups
» Typically ~30 physicists / group
= One experimentalist / One theorist co-lead each

group
= Compact binary inspiral: “chirps”

= Supernovae / GRBs / mergers: “bursts”

= Pulsars in our galaxy: ‘periodic’ &

= Cosmological Signal “stochastic background”

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO LIGO Data Analysis

LIGO is a broad-band detector, measures waveforms.

The experimentalist thinks not in terms of astrophysical
sources, but in terms of waveform morphologies.

Specific astrophysical sources suggest specific
waveforms, but we don’t want to miss the unexpected!

Four different waveform morphologies being considered:

= Bursts (of limited duration), for which we have models (chirps,
ringdowns)

= Bursts, for which we have no reliable models (supernovas, ...)

= Continuous waves, narrow bandwidth - periodic (pulsars)

= Continuous waves, broad bandwidth - stochastic (BB background)

Each requires radically different data analysis technigues.
Algorithms and implementation are under development.
Marching into the unknown — look out for surprises!

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGO Summary of S1

LIGO interferometers in coincidence. These have resulted in

four methodology papers:
Papers submitted to Physical Review D:

+ * Analysis of LIGO data for gravitational waves from binary
neutron stars*, gr-qc/0308069

+ “ Setting upper limits on the strength of periodic gravitational
waves using the first science data from the GEO600 and LIGO
detectors”, gr-qc/0308050

+ “First upper limits on gravitational wave bursts from LIGO"
+ “Analysis of First LIGO Science Data for Stochastic Gravitational
Waves
. A paper describing the instruments has also been written.

+ “Detector Description and Performance for the First Coincidence
Observations between LIGO and GEQO”, gr-qc/0308043, accepted
for publication by Nuclear Instruments and Methods

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



LIGOo Papers in Publication

1. gr-qc/0312088 [abs, ps, pdf, other] :

Title: Analysiz of First LIGO Science Data for Stochastic Gravitational Waves
Authors: LIGO Scientific Collaboration: B. Abbott, et al
Comments: 26 pages, 17 figures

2. gr-qc/0312056 [abs, ps, pdf, other] :

Title: First upper mits from LIGO on gravitational wave bursts
Authors: LIGO Scientific Collaboration: B. Abbott, et al
Comments: 21 pages, 15 fgures, for subrmssion to Phys Rev D

3. gr-qc/0308069 [abs, ps, pdf, other] :

Title: Analysiz of LIGO data for gravitational waves from binary neutron stars
Authors: The LIGD Scientific Collaboration: B Abbott, et al
Comments: 17 pages, 9 fgures

4. gr-qc/0308050 [abs, ps, pdf, other] :

Title: Setting upper limits on the strength of periodic gravitational waves using the first science data from the GEOS00 and

LIGD detectors
Authors: The LIGD Scientific Collaboration: B.Abbott, et al
Cormments: 16 pages, 8 figures

5. g-qc/0308043 [abs, ps, pdf, other]

Title: Detector Description and Performance for the First Coincidence Observations between LIGO and GEO

Authors: The LIGD Scientfic Collaboration: B. Abbott, et al

Coranents: 41 pages, 9 figures 17 Sept 03 author list amended, minor editorial changes

March 2, 2004
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Analysis of First LIGO Science Data for Stochastic Gravitational Waves

B. Abbott,'s R. Abbott,'® B Adhikeri, ™ A, Ageev,?L:35 B, Allen® R, Amin,® 5. B. Anderscn, '
W. G. Anderson,® M. Araya,'® H. Armandula,™® F. Asiri ' P. Aufrouth 2 C. Aulbert,! S Babak,”

R. Balasubramanian,” 8. Ballmer,'d B, . Barish,™® D. Barker,'® C. Barker-Patton,'® M. Barnes'® B, Barr,®
M. A. Barton,® K. Bayer,™ R. Beausoleil 7-H K. Belczyrski,™ R. Bennett,®-[ 5. 3. Berukoff, -l J. Betzwisser,14
BE. Bhawal,'® L A. Bilenko,™ G. Billingsley '* E. Black.™® K BI.achbum % B Bland-Weaver,'® B. Bochner, “E
L. Bogue,!s R. Bork, )% 8. Boss, 4! P. R. Brady, V. B. Bragirsky,?! 1. E. Bran® D. A. Brown\" 5. Brozek, 5§
A Bullington® A Bucnanno, 5§ k. Burgess " D Busby,'* W. E. Butler,™ B L. Byer ¥ L. Cadonati ¥

tagnoli,® 1. B. Camp ™ €. A. Cantley,® L. Cardenas,'® K. Carter,’® M. M. Casay, ™ J.
A. Chandler,”® J. Chapsky,’:H F. Charlton,' . Chatterji, Y. Chen® V. Chickarmans,'7 D. C
Christensen,’ I, Churches,” . Colacing,*? R. Coldwell ® M. Coles, ™ D. Cook,'® T
1. D E. Craighton® T. D. Creighton,'® . B M. Crooks,*® P Csatarday, ™ B. 1
E. D' Ambrosic, |3 K. Danzmann $.220 R Devies,? E. Dowr 17 D. DeBra, 7 T. Delker, % R. Degalvo, =
5. Dhursndbar,'? M. Diaz,*" H. Ding,'® R. W. F. Drever* R. J. Dupuis,®
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vico Seismic Environment at LLO

= Spiky impulsive seismic noise in 1-3 Hz band
= Related to human activity — mostly lumber industry
= Dominant frequencies accidentally coincide with stack resonances
= Impedes interferometer locking during weekdays

= Large & variable microseism

= Ocean waves excite double frequency (DF) surface waves on
land

= Fraction to several microns RMS; frequency: ~ 0.15 - 0.25 Hz
= Wavelength ~ kilometers =» L1 arm length change several
microns
= Strategy for recovering full-time duty at LLO

= Active Hydraulic External Pre-Isolator system
= 6 D.O.F active stabilization of seismic supports (External Pre-Isolator)

= Prototype demonstrated at Stanford and MIT
= Now in full production for January installation start at LLO

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



vico Dally Variability of Seismic Noise

RMS motion in 1-3 Hz band
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LIGO

LIGO Plans
schedule

Construction Underway (mostly civil)

Facility Construction (vacuum system)
Interferometer Construction (complete facilities)
Construction Complete (interferometers in vacuum)
Detector Installation (commissioning subsystems)
Commission Interferometers (first coincidences)
Sensitivity studies (initiate LIGO | Science Run)
LIGO | data run (one year integrated data at h ~ 10-2)

Begin ‘advanced’ LIGO installation



c
O
©
Q
nd
O
©
—
[®,
Q
O
C
©
>
=
<

Ific

t

sclen

few hours of
advanced

reach of a
LIGO Is

comparable
to 1l year of

tial LIGO

NI

5:35

an LIG

-
[ |
|}

[ |
1

=
s

¥th

TR AT
Least 10X Fe

LIGO I

R I
Rt o
Bk AR

T by

Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech

2004

March 2,




LIGO Initial and Advanced LIGO
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LIGO

10—21

= Newtonian background, —

Projected Advanced LIGO
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Advanced LIGO,/

estimate for LIGO sites
__ 1022
= Seismic ‘cutoff’ at 10 Hz —
//-V
= Suspension thermal noise ’
= Test mass thermal noise~ 1023
//
= Unified quantum noise ﬁ
dominates at
most frequencies for full
power, broadband tuning 1024 "
10 Hz

100 Hz

1 kHz

= Advanced LIGO's Fabry-Perot Michelson Interferometer is flexible — can tailor to
what we learn before and after we bring it on line, to the limits of this topology

March 2, 2004
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Yiko Design features

30KG
40 KG SAPPHIRE

TEST MASSES SAPPHIRE. 28.5CM¢

. SlLCA HERAEUS 3V
— I 35CM¢

INFUT MODE 1 SILCA LIGO | GRADE
CLEANER 28.5CMqg

QUAD SILICA

SUSPENSION
ACTIVE

180 W LASER, ngggg’ﬁémn
MODULATION SYSTEM

LASER MoaD.

PRM Power Recycling Mirror

BS Beam Splitter QUTPUT MODE
ITM Input Test Mass CLEANER
ETM End Test Mass

SRM Signal Recycling Mirror

PD Photodiode

» GW READOUT

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



J :
gﬂl o Test Masses / Core Optics
/ Full-size Advanced LIGO Sapphire Substrate

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech
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multi-stage solution

“Yieo Isolation

Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech
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LIGO .
Suspensions

Prototype triple pendulum
suspension

March 2, 2004 Beijing GW Detection Works



LIGO Advanced LIGO R&D

s Laser:
= Selected baseline power head design,

Prototyping: observe >1/2 final power goal in %2 of system.
Intensity stabilization to requirements (> 40Hz), within factor of 5 (10 Hz)

s Substrates:

Received full-size 40 kg, 32 cm diameter sapphire substrates
Found mechanical losses in these substrates to meet requirements

Characterized absorption in these substrates, supported successful
annealing techniques on smaller pieces to reduce absorption

New high Q measurements of small (200e6) and LIGO-sized (120e6) of
fused silica; annealing on small pieces to reduce mechanical losses

= Coatings:

Refined models for coating thermal noise

Observed coating thermal noise in two experiments, consistent with
theory

Measured and supported measurements of mechanical losses on trial
coatings

Developed strategy for coating development, put plan into motion

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech



uico LIGO Organization & Support <>

S
39{ X
B
DESIGN
CONSTRUCTION
OPERATION

»
5 3
O7oNW2>

: g K
LIGO Laboratory LIGO Suenpflc Gerumany
Collaboration Japan
MIT + Caltech 44 member institutions Russia
~170 people > 400 scientists India
Spain
Australia

s 111

U.S. National Science Foundation
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LICO Summary

= [0 study gravitation wave astronomy, a laser based
Interferometer technology has been developed in the last
decade. As of today, LIGO is approaching its initial
scientific design goal and is publishing scientific result.

= Advanced LIGO is planned to expand the observation
reach by a factor of ten, or the volume by 1,000.

= Similar to ICFA for high energy physics, a world wide
scientific collaboration on gravitation wave detection
(GWIC) has been established.

= A Chinese gravitation wave observatory will play an
Important role in this coordinated international effort.

= Prof. B. Barish, Director of LIGO, would like to express
his warm welcome to our Chinese colleagues. He will
support a bi-lateral collaboration between US and China
In this effort, and will start this collaboration with a US
NSF supported visitors program.

March 2, 2004 Beijing GW Detection Workshop, Ren-yuan Zhu, Caltech
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