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LIGO
The Project

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

o Under Construction 1995-1999
)) Two Sites -- Louisiana and Washington

o DIRECT Detection of Gravitational
Waves

test General Relativity in strong field and high
velocity limit

- measure polarization and propagation speed

)) Astrophysics
compact binary systems

stellar collapse

early universe

LIGO€900108-00-M



Gravitational Waves
lnternational Effort

o Techniques

') Resonant Bar Detectors (LSU, Rome, etc)
narrow band

>) Large Scale Interferometers
broad band

o International Interferometer Effort
)) U.S. -- LIGO ffwb Sites)

Galtech & MIT (Wash and Louisiana)
)) Europe -- VIRGO (One Site)

French and ltalian (near pisa)

)) Smaller etforts
Germany, Japan, Australia

o Time Scale (lnter{erometers)
)) Approximately year 2000

Llco€900108-00-M



LIGO
lnterterometers

| "il!

^v-JT."rT

hotodetector

tTo makeAl
large enough
for detection
requires
L:4km

I Measured waveform ,hlimd) - AL/L,
is a linear combination of h* and hx ,

which depends on interferometer's
orientation

LIGO-G960108-0GM



Gravitational Waves
General Relativity

o Non-spherically symmetric
accelerations of mass

r Main term - time dependence of
quadrupole moment

)> binary systems always radiate
)) non-sherically symmetric supernova collapse
)) non-axisymmetric rotations

o Types of waves
)' bursts, periodic or quasi-periodic waves
)) stochastic background from compact binaries,

primordial waves and cosmic strings or phase
transitions

Lloo€900108-00-M



LIGO
Long Range Goals

o Inspiral of Compact Binary fchirps]
)) Neutron Star/Neutron Star Inspiral

Design Benchmark: last 15 min

20,000 cycles

600 MLyr

)) Black-hole/Black-hole Inspiral and Coalescence

') Black-hole/Neutron Star Inspiral

o Supernovae [bursfsJ
)) Axisymmetric in orir galaxy
)> Non-axisymmetric -300MLyr

o Pulsars [periodic]
') rotating non-axisymmetric neutron stars

o Early Universe [stochastic]
>> Vibrating Cosmic Strings
>) Vacuum Phase Transitions
)' Vacuum Fluctuations from Planck Era

o Unknown Sources t??I

LIGO€960108-00-M



NEUTRON STAR BINARIES 3_z

f"Guaranteed"source] I
t o-16

to-17

t o-18

t o-19
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to 23

1 10 100

frequency, Hz

1 000

U5 minutes &1 0,000 orbits in LIGO band

ARich information in waveforms:
masses, spins, distance, di rection,
nuclear equation of state
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BinarySqurges
Inspiral and Coalescence

tvlINSPIMI yEp6gp-'i.--RtNGD0WN-
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G ravitational Waveforms
binary inspiral

o can determine
)> distance from the earth r
)) mas$es of the two bodies
)) orbital eccentricity e and orbital inclination i

Waveform

Time

Dependence on t, for e = 0:
Amp (hr) 2 cosr

Amp(h*) - 1+cos2r

Dependencs o;:im,rm
9=0n+ffi

f,-ffi
g=0.6

h,t

x

o
+

n e, for 1= 90o:

ffia
8=0.3

ffi4
Hh,

8=0.8
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Supernovae
simulation

o A. Burrows
)) 2-dimmodel
)) 50 msec into the explosion

LIGO€960108-00-M



The Early Universe
Stochastic Background

o The Big Bang Singularity
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Detectors
Capability
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LIGODESIGN

O OBSERVATORY CHARACTERISTICS

o Two Strcs:
- HnnFoRD, Wlsntncroru

- LvlttcsroN, Lousnrun

- L12lc = 10 msec.

o THnrr lrusrnuMENTS:
- Two 4 km INTERFERoMETERS (WAILA)

- Orue 2 km INTERFERoilETER (Henroao)

. Anus oRIENTED "pARALLEI'To oNE ANoTHER

. CoITcIDENT oBSERVATIONS AMONG ALL THREE INTERFEROME. 
f,I.*.,

TERS \.^N.J

- Rg*BKGM) = (tp + 2L12!c)rpR12R4 < l/year

. lrurlnl Serqstlvtry: hrr, < 10-21 wlrHlN 100 Hz enND cENTERED

AT MAXIMUM SENSITIVITY

- few = '100 Hz; lew = 3 x 106 m;

o OesrnvAToRY ExrcruslBlLlrY:
- EvEtrtruAL EXPANSIoN To 8 lrurenrERoMETERS

- LIIUMNG SENSITIVITIES:

Naturally occurring gravity gradients (at lowest frequencies)

Scattered light phase noise (in the mid-frequency range)

Residual gas phase noise (at the highest high-frequencies)

t* t -r, Lrco-c96014o-oo.E

l F ' 
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INITIAL INTERFEROMETER
CONFIGURATION

FABRY-PEROT ARM CAVITIES
MODEST INPUT POWER (6 w)
lNlTlAL LASER: No:YAG l= 1.06 pm
POWER RECYCLING
MODEST RECYCLING FACTOR (r - sox)
MODEST CAVITY FINESSE (r - sol

Recycllng
Mirror
T - 9o/o

, tDL 2F
fI-:

' nJt+ (ot)2

6W

lnput Mirror
T - 3o/o

1} Photodetrctor

End Mlrror
R-10006

4 km Fabry.Ptrot Alm Grvity

Intrdcrometer Response Function:

9=

where
Eg = optlcrl llght phase change
o = laser frequcncy
Q = GW frequmcy
c; rprd of llght
h * rlrrln rmplltude
t; ffm length
F r Frbry-Perot finesse
r * Flbry:Perot tlme conrtrnt

l.t
i,\

CALIFORNIA INSTITUTE OF TECHNOLOGY

LfGdS zt4.sts6



INITIAL INTERFEROII,IETER DESIG N
PERFORTTIANCE GOAL

INITIAL INTIEFTROMITER SENSITIV]rY
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LIMITING PERFORMANCE DUE TO EACILITIES

STRAY LIGHT NOISE
(< 1/10 SOL,1000 kg malr)

RE8IDUAI GA8,Idg T9RNT

1 10 100
Fngurncy (H:)

x cALtFORNtA |NST|TUTE OF TECHNOLOGY(-
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LIGO DESIGN (cont.)

. OesrnvAToRy ExrerustBtLtry (conr.):
. EXTREME CARE IN DESIGNING QUIET FACILITIES

site selection

- 
-or=*1i,1::ilT,::t:::"-rD 

ro M,N,M,ZE scArrERED sr*y LIGHr

. VncuuM GHARAcTERISTICS OF BENU TUEES NruO VNCuuIr,I EOuIPMENT

DESIGNED TO PROVIDE ULTRA.HIGH VACUUM OPERATING CONDITIONS.

O OPERATIONAL CONSIDERATIONS

o AsrnoPHYsrcnl RTSEARcH
- HIGH ON.LINE AVAILABILITY

. MULTIPLE MODES OF OPEFTATION:

3X; Tontine>75o/"

2X: (WA-LA); Tontine > 85o/o

1X: Tontine > 90o/o

. AllocmoN oF oBSERVtNe IME BY pt/PAc/NSF

. TIUIE FoR DEVELOPMENT OF IMPROVED DETECTORS

+9. Ltco,cesoos+oo-M

L-{



Lteo DEsleN (cont.)

. Dera Fonmnrs
- COMPANBIUTY WITH OTHER GRAVITATIONAL WAVE IETECTONS & PARTts

CLE DETECTORS

- SAMPLE RATE AND PRECISION COIIMENSURATE Wr|H SCIETIITFTC F
stoNs

o ENaauNG RESEARcH & recntnEs
. LONG.TERII DEVELOPIIENT OF ADVANCED DETECTORTi

- UHVEFSITY-BASEDFfTERFEROTETER FACIUTIES

- LIGO RESEARcH cffi.nrw

hm m +{ 
L- b Lrcao-ce.oo47-oo-E



MAJOR LIGO SYSTETIf;S

. CIVIL CONSTRUCTION

O VACUUM EQUIPMENT & BEAIT TUBES

O DETECTOR I R&D

+5. Lrco.ce6ol4o-oo-E
r1L- f June21,19969:07amEB cAuFoRNrA r'srrurE oF rEcliltloLoey



LIGO SCHEDULE

o 1996 - 1998

. CONSTRUCTION OF FACILITIES
. CIVIL CONSTRUCTIONU 7/96 START

- VACUUM EQUIPMENT 5/96 START
. BEAM TUBES 4/96 START

. DETECTOR DESIGN & FABR|CATPI|; R&D

o 1998 - 2000

. DETECTOR INSTALLATION

. SHAKEDOWN

o 2001

o "FIRST LIGHT" AT lNlTlAL DESIGN SENSITIVffY
hr", - 10-21 (af = 1oo Hz @ 1oo Hz).

%' J:ffiffi:;



CIVIL CO}ffTTR.ICTION

O CHARACTERISTICS

. INFRASTRUCTURE
- LARGE AND CLEAN LABORATORY (CLEAN CONSTRUCTTON

PRACTICES; HlcH BAY: 9 m HOOK HEtclrr)
. BEAM TUBE ENCLOSURES TO PROTECT T}il}F,WALLED TI'BE
. OFFICE SPACE/TABORATORY SPACC TO AC@rrcOATE

STAFF AND VIS]TORS

- ROADS, FOUNDATIONS, STRUCTURES, ETC.

. REQUIREHENTS
' REI|OTE SITES WITH SE|S*fiC STABILITY .. TFftCK SLAB;*SO.

LATED FOUNDATIONS; SEPARATED BU|LDINGS

- FEW INTERNAL NOISE SOURCES, EMUEMF BACKGrcUND6,
ETC.

' REMOTELY OPERABLE FACILITIES: ENVIRONMENTAL CON-
TROL AND STATE VECTOR LOGGING

. CLEANLINESS

fr m on LIGO-G960003-00-E
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Support Facilities in Operations Support
Building

Area Purpose

Control Room / Analysis
Area

All equipment control functlons, machine diagnostics, data analysis and
archiving

Optics Laboratory Cleaning, maintenance, test and calibration of lasers and optics

Vacuum Preparation Vacuum preparation and certification, mechanical-Q testing

Electronics TesUMainte-
nance

Control/Data systems staging, test, and maintenance

Mechanical lTechnical Mechanical staging, assembly and testing; vacuum-pump maintenance

Equipment Rooms Telecommunications, comBut€r networking, etc.

Shipping / Receiving Outdoors<-->Clean-Room interfaces; cleaning; storage

Changing / Cleaning Clean-room transition $pece for people, small equipment entering LVEA

Office I Library Space Resident staff, detached-duty staff, visiting scientists/students

Conference room Smaller group meetings, drawing leyout space

Multi-Use Space Seminars, "all-hands meetiflgo", and public entry/rcception

Kitch en/showe r/restrooms

\/
N,

l-of-+ Lrco-ce6oooo-oo-M



CIUL CONSTRUCTION

O STATUS

. BOTH SITES UNDER CONSTRUCTION
O WASHINGTON SITE

. GRADED TO FINAL TOPOGHAPHY; SOIL SETTLEIIE}IT COMPLETED

- BEAM TUBE SLAB/ROADS/ENCLOSURES UNDER CONSTRUCTTON (2|/
e6)

. LOUISIANA SITE
. LOGGED
. GROUND BREAKING TOOK ruTCE 7I%
. S]TE CLEARED AND GRUBBED

- BEING GRADED TO INTERFEffiff€TER pr-ANE (8/96)

. FINAL DESIGN OF THE LIGO FACILITIES (BUILDINGS}
COMPLETED 4196

- Lnsen & Vaccurtr Eourpmenr Aners (LVEA/VEA)

- OpeRAnoils & SuppoRr Burrone (OSB)

- MecHANTcAL Eourpnaenr Roou

- Cnruleo Waren Punr
. PROCUREMENT FOR FACILITY CONSTRUCTK}N UNDER

WAY:
. BIDS IN FOR 3 INTERFEROMETER FACT..ITY AT HANFORD 6/96

- PREPARING BID PACKAGE FOR 2INTERFEROtrETER FACILITY FOR LA

LIGO-c960tZ$-OGE

June 21, 1996 9:07 amtffim Prl



il) :\
VACUUM EQUIPMENT & BEA]IT TUBE
' WILL BE THE LARGEST ULTRA'HIGH VACUUttt (<10-e torr) SySTEM tN

THE WORLD (- 20,0@ ms)
. VERY LOW ALLOWED AIR LEAKAGE:

r< 1o-e eru cc/s, He
- 
.''1:,:::,]tr,':i: (ALL RESIDUALS);

J[H2l: < 10-13 torr.llttr/cm2/s
J[H2OJ:< 1 0'16 tsrr.lltrrlcmz/s

",*;"i,il::*=:ff ::_::,"il*:?,;;L'JJ;:::ilLowER
THROUGHOUT FABRICATION AND INTEGRATION PROCESS- OVER 140 km OF WELDS

O MOSTLY STANDARD VACUUM PUMP & CONTROL HARDWARE
O VERY LARGE APERTURE GATE VALVES TO ISOLAT E 1.24M BEAMTUBES

. LARGE PUMPING SPEEDS AND VOLUMES.. BEAM TUBE PUMPING
SOLELY FROM 4km ENDS

F - .cALlFqFllli_lllsflrurE oFrEcHNoLocy, ff-.*--

; LIGON 2t4-sts6



VACUUM EQUIPMENT

O STATUS .

. SPECIFICATIONS DEFINED - SCIENCE REQUIREMENTS
REVIEW 8/94

. DESIGN PHASE COMPLETED 10/95

. PROCCESS SYSTEMS INTERNATTONAL (pst) SELECTED
FOR HARDWARE CONTRACT

. FINAL DESIGN REVIEW HELD 5'96

. FIHST ARTICLE CHAIIBER (B_EffipUttER CHAmBE@
UNDER CONSTRUCTF0{ - tlSS

. PROTOTYPE LARGE 
^PERTIIRE 

(1tz n] U*UW rcR
BEAM TUBE INTERFACE I.N{TER CONST|IT'@TbN$

. FRSiT TWO ARTICLES DUE AT }*AD*FORD 8/96

fri.t7- 
LtGo€960140-00.E

lt \ 5 ..h,rr 21, 1996 9:07 am



BEAM TUBES

. PRODUCTION OF 16 XM TUBES FOR LIGO
. QUALIFICATION TEST REVIEW HELD N95

. FABRICATIoN CONTRACT OF BEAM TUBES INITIATED 12195

- FINAL DESIGN REVIEW #96

- INFRASTRUCTURE CONSTRUCTION NEAR S]TE 4/96 .7196

- INSTALLATION AT WASHINGTON STARTS 10/96

. BEAM TUBE BAFFLE DESIGN COMPLETE
''^:FLE s u', 

n:='T=*iilJtr#il" ctAzE
(1 mm; r-400cm-1)

R < .1 (Averaged over S & P platuations)

'^: "= 
ml{.-[11l1:m ;,;n#rN N P
P) TO MINIMIZE COHERENCE EFFECTS

1 mm THICK 304 L SS MAilERlAL' H2 DEPLETED

LIGO-G$o140-00-E

IrF2t. 1996 9:07 am
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INSTALLATION PLAN

ROOM
COVERED
PREP AREA

D--r{\O ti



LIGO INSIALLATION PIAN

WHEELED
CLEAN ROOM

FI-ATBED
(suN sctttN
ttANsroIf)

WHEELED WELD/
TEST SHELTER

TERMINATION CONCRETE

STRUCTURB

& VALVB
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DETECTOR / R&D

O CHARACTERISTICS

. BASELINE CONFIGURATION EMPLOYS PROVEN TEC}I-
NIQUES

-40m AND Srtl SCALE SYSTEMS (rr CtT & Mff)
.OPTICS EXPERIMENTS ON RECOMBINATION A}ID RECYCUNG BEING

PERFORMED IN R&D
.PRECISION ENGINEERING

-BASEUNE coNFtcuRAnoil cHANGED 8/95 FRoil An+ (0.5145 pm ) LAsER ro
No3*: YAG tAsER (1.064 pm )

. COLLABORATIVE STUDIES YVITH INDUSTRY TO
DEVELOP IIIRROR COATING AND POLISHING TECHilOL.
OGIES

. BUILGIN DESIGN FLEXIBILITY FOR LATER IHPROVE-
MENTS AS R&D RESULTS BECOME AVAILABLE

.PASSIVE & ACTIVE SEISMIC ISOLATION

.SENSING AND CONTROL

-ADVANCED CONTROL & DATA SYSTEM USING STATE-OF-THE.ART
LAN/VYAN ARCHITECTURES

ti 
&t Llco-Gs6o14o-ocE

L^n June 21, 1996 3:@ pm



.DETECTOR / R&D

. STATUS

. DESIGN UNDER WAY:
- PRESTAB|L|ZED LASER SUBSYSTEM (pSL)

. PRELIMINARY DESIGN READINESS REVIEW 6AF
- PROTOWPE SYSTEM BEING OPERATED ON 40 m INTERFEROMETER
- CHANGE TO Nd:YAG LASER REQUIRES NEW PROTOWPE FABRICATK'N IN 1996/

1997

- LENGTH SENSING & ALIGNMENT SYSTEII DESIGN READINESS REVTEre HELD 5/
95' 

T6 uoDELtNG/stMULATroN woRK BE,NG 
'ERF'RMED 

FoR sERvo DEsrcll
JPL SUPPORT - TIME DOTASI LARGE-SCALE AXTAL DISPLACEMENTS

- sus,=*,,iJ:H:i-S:J ;:ffffiX,',;flffiliil#:H: prcro-
TYPE SUSPENSION TO BE INTSALLED h{TO 40 m- coR: "'":;,",?lr::Hil::'trnffffi;5w HELD 2/e6

PATHFINDER PROGRAM WIT}I INDUSTRY HAS DErcNSTRATED CAPA.
BILITY OF MEETING LIGO REOT'IREMENTS

. MoD'..'.'xI# trJi"i?::Hf#T:JH1fffftril#',il,1ff pR E.
STABILIZED LASER PROTOTYPE

- ACTIVE SEISMIC ISOLATION (STAC|S SYSTEM FROH BARRY eONTROLS, tNC.) SUC-
CESSFULLY DEMONSTRATED AT MIT. HAY BE USED IN INMAL LIGO

- sElsMlc lsolATloN sYsrEM (PASS|VE) BETNG OpilMtZED AND DES|GNED By
HYTEC, tNC. (LOS ALAMOS, N.if.)

- IHPROVED DESIGN PROVIDES SIGNIFICANT LIGHTU'EIGHTING . ACTIVE
]SOLATION FEASIBLE- 
;15x35"1?3l31ililt3^."ttER 

spRrNGS MAy TNCREASE rsolAnolu

cAuFofi,.l lNstrurg oF TEclrNolocy 2tL

LrLz
LtGO-G960140-00-E

June 21, 1996 3:02 pm



40m lnterferometer Research

Program to test opticaUsensing configuration on 40m
o Non-recycled Fabry-Perot Michelson interferometer

, extensive effort to understand noise at high frequencies
, incremental improvements in noise floor
, much more known about noise propagation in system

. Preparations for recycling in parallel
optics specified, ordered
se rvos/se nso rs specif ied,

o plan to start conversion to recycllrg in July

Prelininary Data frorn qba[y Recordrined 40-lrleiler lnterferonroter

1o't'

1o-t'

1o'tt

{!

t 'o-"€
x

1o-tt

1o'tt

1o-"

Freq^wry (Hz)

1o-t"

1o-t'

1o-t"

ro't'

io-tt

ro-t'

ro-tt

LIGO€960140-00-E

June 21, 1996 2:53 pm
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Phase Noise lnterferometer Research

o

a

Cornmissioning and first stage of rneasurements comfleted

Non-recycled Michelson, Argon laser

' noise sources explained at present sensitivity level

10' t,"lii., 1oo

o Recycling mirror installed, servo systems being tested
. Measurements during next month

. Conversion to 1.06 p m in mid-summer

I ro*
!
s
(D
o
o
o

-E 
to'

L

n
t-r74

LIGGG960140-00-E

June 21, 1996 2:53 pm

Michelson phase ncise: Jan 96 (pink), tlov 95 (blue) and Sepl95 (ge€n)

tmil w



R&D OBJECTIVES

o Support initial detector technology
. cLosE cooRDtNATtoN wtrH DerecroR
. TASKS AND SCHEDULES PLANNED TO DELIVER INFORMATION WHEN

NEEDED

. DOMINATES PRESENT ACTIVITY

o Develop new approaches for later interferome-
ters
O ENHANCEHENTS TO THE INITIAL DETECTORS
. NETY TERR]TORY FOR ADVANCED DETECTORS

o Form liaisons with other interested research
groups

. FORUM FOR SHARTNG |DEAS, EFFORT

cAuFoRNrA rNsrrurE oF TEcHNoLoc, H LrGo-G96o140-oo-E

l . ?,{ June21, 19963:o2pm



SUMMARY

O LIGO IS BEING BUILT AS AN OBSERUATORY
FOR GW ASTROPHYSICS

. LIGO FACILITIES HAVE PROCEEDED FROM
FINAL DESIGN INTO FABRICATION & CON.
STRUCTION PHASES

. CIVIL CONSTRUCTION TO START 8196
O ARM SLABS COTPLETED AT HANFORD
. BEAM TUBE FABRICATIOI#il.ISTALLANON START 10/96
. VACUUM EQUIPIIENT FIRST ARTICLES UNDER FABRI.

CATION
- BEAif TUBE-VACUUM EQUIPIfrEHT INTERFACE VALY'ES (1.2 S t"E)E AT

HANFORD 8196

. FIRST ARTICLE BEAMSPLTTTER CHAHBER COMPLETE 9496

O LIGO DETECTOR SYSTEM DESIGN PROCEED.
ING

. BASELINE EXPECTED TO BE DESIGN GOALS
- to'18 itETERs RMS @ lut Hz

- lo'e RlotANs RMs oPTtcAL PHAsE
. DETECTOR INSTALLATION AT HANFORD STARTS 7198



R&D FOR LARGE BASELINE
DETECTOR SYSTEMS

O INTEGRATED AND COLLABORATIVE R&D
PROGRAM

. Current LIGO research and development
program

o Example enhancements to the initial LIGO
detector

o Longer range program: key issues and
opportunities
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Current LIGO R&D Program

>>Primary function to support initial detector design,
fabrication, installation, diagnostics and operation

r Achieve sensitivity requirements for initial detector: sensing,
random force and technical noise.

. displacement xr-, (100 Hz) < 4 x 10-18 m

. optical phase O,,,'s(100 Hz) < 5 x 10-10 radians

- Test the initial LIGO interferometer configuration in a
suspended system

. servo control and acquisition

. scale to LIGO by modeling

. noise propagation through system

- *:' 
rlfl#ix "ld:rux.','"",-e 

ms

. charactenze and test initial full size optics

' technical design of active and passive seismic isolation

. :jll##:r*:*ln:illllhtk" sys em

) > Tools and facilities
. 40 meter and 5 meter prototypes
. special facilities: optics test, seismic isolation test, fixed mass interferometers
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The Initial LIGO Detector

))
a

Program
Scheduled for installation beeinnins

. Triple coincidence operation h.-, - t0-20

. Design sensitivity h,,n, = 10-21

7t98

12t00

11/01

Thble L: Initial detector parameters

Laser type @wavelength Nd:YAG |u = l.064ll

Input power at recycling cavity

Contrast defect l-c <3x10-3

<lx10a

Power recyling gain

Arm cavity storage time

Cavity input mirror transmission 3 x 10-2

Total optical loss 4 x l0-2

10.7 kg

Pendulum Q (structure damping)

Pendulum period (single)
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Enhancements to the initial
detector

)) Initial detector balances risk and performance
. "best is the enemy of possible"
. deferral of less mature but promising techniques

- decisions involve PAC and community through LRC

) ) Possible scenarios:
. detections have been made and statistics is needed
. detections have been made and optimizations are required
. no detections have been made but new posited sources
. compact binary coalescences still most likely sources
. a tested new technical concept is promisins
a??

) > Assume for the following

) > enhancements broadly defined as incremental changes to
the initial detector requiring R&D but not major configurational
changes

4of8 LIGO-G950000-00-M



Example incremental
enhancements

Double pendulum suspension
Reduction in contribution of thermal noise from f,nal isolation stase

Electrostatic controller for final stase:

Improved test grass Q

Reduced sensitivity to fluctuating magnetic fields

Mechanical filter for control noise

Improved seismic isolation

Reduced pendulum losses
Alternate mounting techniques

New flexure design and materials

Reduced internal test mass losses
Higher Q test mass: basic materials research and new designs

I mproved seismic isolation
Lower spring constant springs

External active isolation (if not incorporated in the initial detector)

Higher circulating power in arms
Higher input laser power

Lower loss coatings on test mass mirrors

Increased test mass
Needed to reduce radiation pressure noise

Reduction in pendulum thermal noise
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Example incremental
enhancements

\initial

step 3
jmprove

seismic

stepl doubld

thermal noise

---.--tt

light power

m

Fi

bll

2

log10 (frequency Hz)
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Example incremental
enhancements

> > After final step:

Thble 2: Sample enhanced detector parameters

sample enhanced value

Laser power (0.3 input efficiency)

contrast defect

arm cavity storage time

mirror internal Q

Pendulum Q (double pendulum)

T(l00Hz) = -120 dB
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Longer range program

) ) Principal issues:
. reduction in thermal noise --- issue for low frequency detection
. increase in power handling of the optics -- issue for high frequency detection
. new interferometer configurations will be needed

. optimization of the fower handling and response for specific searches

) ) Interferometer response: trade bandwidth for sensitivity

- spectral response tailored to sources
. improvement in periodic searches where limited by phase noise

. stochastic background searches improve as (AB)0't5 fuuorc increased sensitivity
. adaptive filters that follow the coalescences

- technical development
. interferometer configurations using opaque test masses

-- extends choice of materials with low optical and mechanical loss

-- reductions in thermal wavefront distortion
. interferometer configurations less sensitive to wavefront perturbations
. techniques to hold interferometers at operating points

> >Thermal noise
. fundamental materials research is needed

. direct measurement of test mass internal thermal noise

) ) Seismic noise
. passive and active seismic isolation to the level of the natural g gradients
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I

The Uses of
LIGO

. Physics Gapability
o The Schedule
o Data Analysis
. Plans of the LIGO Group
o Modes of Collaboration

tLNl
Barry Barish

LIGO-G960108-00'M



GnpnBtLlnES oF THE rNrnAL LIGO ITTenFERoMETERS
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CepeBtLlnES oF ETHANcED
LIGO ITTenFERoMETERS
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LIGO
Coincidenees

o Two Sites - Three Interterometers

') Single Interferometer *50/hr

non-gaussian level

>) Hanford (Doubles) -1lday
correlated rate (x1 000)

)) Hanford + Livingston <0.1/yr

uncorrelated (x5000)

o Coincidences with other Detectors
)) VIRGO, Geo-600, etc

)' Resonant Bars or Spheres

o Coincidence Data

>) LIGO - no polarization information
), LIGO + VIRGO - polarization decomposition;

position in sky < 1 degree
>) Stochastic Background

LIGO€960108-00-M



LIGO
The Project

o Construction Project (1 995-1 999)
,) facilities and initial detector
)' simulation and analysis systems

o Commission Facility (1998-2001)
)) implement initial detectors

h - 10-20 - coincidence
- initial search (end of 2000)

h - 10-" - initial design sensitivity (end 2001)

)) data analysis/software development
)) R&D towards enhancements/future detectors

developments and demonstrations; collaborative

o Full Operations QA02 +... )
>) running and data analysis

coincidences with other detectors

data availability

>) enhance initial detector
advanced R&D; highly collaborative

flexibility and infrastructure

LIGO-G960108-0GM



SUMMARY INTEGRATED SCHEDULE

CALENDAR YEAR

LEGEND: @ DESIGN

IiI FffiI FAB'CONSTI ! ! E.lgrillll
!il"-T--l*l- I rNsrALL
iil

, -l--i-*-l"- I lNsrALL
hili

ii i @TESTTAC
+.k=l--t- i*-1--i- I lNsrAtL lN vAc.-
WAJOINTOCC. i | ,

r I i r i lf ffiTESTTAGCEPT

Effi't *o i 
- 

cRmcALPATH

Vacuum EquiPment

Beam Tube Enclosure

Civil (Site/Buildings)

Facility Shakedown

Interferometer 1

lnterferometer 2

Control & Data SYstem

Physical Erwironment Monitor

Vacuum EquiPment

Beam Tube Enclosure

Civil (Site/Buildings)

Facility Shakedwn

Control & Data SYstem

Physical Environment Monitor

LAYACSYS i:
REIDY '-_F

iiii^fficrr'-.ri.ii

Coincidence Tests / Operations

WADETECTOR
READY

IA DETECTOR
READY
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LIGO
Approved Funding

1 992

1 993

1 994

1 995

1 996

1 997

1 998

1 999

2000

2001

Total

$15.9M

$20.0M

0

$85.0M

$55.0M

$55.0M

$41 .2M

72.1M

$3.ztttt

$4.0M

$4.0M

$4.0M

$4.0M

$1 9.1 M

$24.0M

$4.0M

$89.0M

$59.0M

$56.1 M

$48.5M

i$eo.gr/
I

i$zt.1M
i $19.1M
i

i $goo.gu

I
I
?

i
I
!

i

is,
.L- --_-.

$0.8M+? i $O.SU

$2.sM? igz.gr,l

$2.5M?
t

i $20.eM
i

$2.5M? i $er.1M
t

$2.5M? i $1 e.1 M
I
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LIGO
R&D Program

o Pre- [detector design freezeJl<1998]
)) Program testing directed at tasks that could

effect design over the next two years

o Post- [detector design treezeJl>1998]
)) Advanced R&D program on techniques for

improved sensitivity;
)) understand performance - initial intederometer
)) gain experience running an interferometer

facility (perform search)

o Advanced R&D by LIGO Groups
)) scope - $2.5M lyear (Caltech/MlT)
,) highly collaborative
)) demonstration of techniques on 40m, 5rl
>' typicical enhancement -$5M equipment funds

. Community Program

LIGO€960108-00-M



LIGO
Data Analysis

o Data Controls
') EPICS system

o Software Environment
)> AVS -- C++ ; Object Oriented

o Simulations
)) subsystem modeling
)) end to end model under development

o Data Acquisition
,) -600 Gbytes/day raw rate
)) pre-processing; filtering
)) calibrations (length sensing, environmental, etc)

o Data Analysis
>, on-line (supernovae, etc)
r, off-line (storage and access)
>) data formats; coincidences with VIRGO, etc
)) User prograffts, documentation, etc

LIGO-G9001@-oGM



Computing
Requirements

o Large amount of data(600 Gbytes/day)
>) data storage
)) pre-processing
>) filtering and compressing

o Binary Neutron Inspiral
)) 1.5 Tbytes of templates - random access

o Periodic Sources
)) all sky search with 2000 samples/sec

o Coincidences and Communications
)) Louisiana/Livingston --> Caltech/MlT
)) T1 lines; satellites
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LIGO
C o mmiss i o n i n g/O p e rati o n s

o Management for Hanford: (staff ^, 20)

') F. Raab (Head)
,) O. Matherny (Facilities Manager)

') J. Worden (Vacuum Engineer)
)> R. Bork (Control and Data Systems)

o Management for Livingston: (staff - 20)
)) M. Coles (Head)

'> G. Stapfer (Facilities Manager)
)) A. Sibley (Vacuum Engineer)

o MIT / Caltech
)> installation, commissioning, and running
>) suppott the operations of the facilities
)) data analysis and science

o Advanced Detector development not
supported in Operations Plan

LIGO€960108-00-M



LIGO
Program Advisory Committee

o Pre Program Advisory Committee

', Member$ - Saulson (ch), Prescott, Hamilton,
Reudiger, Giazotto, Finn

>) Fall meeting: Formed charter and suggested
members for the LIGO Research Community
(LRc)

members for the LIGO Program Advisory
Committee

o Program Advisory Committee
)) being formed; first meeting in fall '96

LtGO€900108-00-M



LIGO
The Community

o Aspen Workshops (Jan gS,gO)

o LIGO Research Community (LRC)
>' Formed charter, membership of LRC (172

members; now 200+)
)> Elected Executive Board; Chairman (S.Finn)
)' Meeting @ Spring APS

o Collaborations

') VIRGO : Workshop in April on Data Formats
cooperate on technology, data analysis;
MOU in process

>) TAMA: MOU - visitors program
)) MOUs:

Bender (JILA), Byer (Stanford), Saulson
(Syracuse); Sandeman (Australian groups),
K. Thorne (Caltech), etc.
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LIGO
Modes of Use

o lndividual

') Visitor Program (-3 FTE lyr)
data analysis; 40 meter; R&D program, etc

)) R&D or Data Analysis Development leading to
collaboration

P. Saulson; B. Allen, K. Thorne

o lnstitutional
)) Collaboration on Initial Detector

Florida Group (input optics +)

)) Collaboration on Advanced R&D for
enhancements (enabling technology)

Australia on Saphire Test Masses

)) Collaboration on Data Analysis/Software
Development

)) Independent etfort toward advanced
interferometer

)) Independent Data Users
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