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LIGO
schedule

o Construction {1 995-1 999)
)> Facilities and Initial Detector

)) presently 78% complete !

r Commission {1 999-2001 )
>, lmplement Initial Detectors

h - 10-20 - Coincidence (Hanford/Livingston)

- Engineering run (end of 2000)

h - 10-" - Initial Design Sensitivihy (end 2001)

o Operations (2002 + .r. )
)> Data Taking/Analysis
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LIGO Schedule
main activities

1996 Construction Underway
-mostly civil

1997 Facility Construction
-beam pipe & enclosure

1998 Construct Detectors

-complete vacuum systems

1999 Install Detectors
-intederometers in vacuum

2000 Commission Detectors
-first light; testing

2001 Engineering Tests

zoaz Initiar 
'-'c 

'o];".l*ilu:"'
- h - 10-21
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Technical Status
facilities

o Hanford Construction
)> building occupied, nearly complete
)> we own the beam tube !! (prebake -2 10-7 torr)
>) near term activities - beam tube bakeout,

vacuum system implementation

o Louisiana Construction
)) buildings recently occupied

)) near term activities - second 4 km beam tube
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Outgassing Result From First 2 km
Module

Table 1: Prebake Outgaosing Rates (torr liters/sec cm2;

gas
measured at

1100 hrs
assumed llt comments

H2 < 7.4x10-14 larger than QT by 2
mil( correction for ordinary 304 SS

2.7x105 c*2 at J(H2)=1x10-ll
Jequiv(Hz)<3.5x10-la

co 6.9 x 10-15 7.6 xl0-r2 / t(hr) smaller than QT by 10

coz 1.9 x 10-la 2.1 xl0-lt I t(ttt) smaller than QT by 2

cH+ 5.2 x l0-16 5.6 x10-13 / t(hr) larger than QT by 4

Hzo 8.0xtOel(trr) see table 7 and 8
smaller than QT by 2

Hydrocarbons

!+t, +3,55,57
8xt0-3*J(H20) larger than QT by 2
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LIGO 1O-Vf Laser
Schematic Diagram



Pre-stabilized Laser
Performance Requ i rements

o Output power
) ) > 8.5 W in a circular TEMee mode

o Beam quality
)) < 100 mW total in alf non-TEMoo modes

o Relative power fluctuations in the gravitationaf-
wave band

)) .r0-7 tt J-ut from 1OO Hz to l0 kHz

o Relative power ffuctuations above 24.5 MHz
)) < 1.005 x the shot noise limit for 600 mW of laser power

. Frequency fluctuations

) ) < 0.1 x ( rcA/ fl Hz/ JHz from 100 Hz to 1 k{z
. Beam relative pointing angle fluctuations

)) <2xto-6 tt JH,

LIGO€960000.00rM



LfGO 10-W Laser
Brassboard Unit Data

double-pass output power
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Core Optics Requi rements

))25 cm diameter x 10 cm thick (except beamsplitter: 4cm thick)
>>Beams fill some optics (to -1ppm level)

))1064 nm HR mirrors and AR second surface coatings.
. Principal performance requirements:

))< 50 ppm loss per surface (limits resonant stored energy: shot noise)
nsurface figure errors to scatter negligible power from TEMoo (best dark fringe)

- Similar requirement for bulk inhomogeneity

>rHigh mechanical e to,,suppress,,thermal noise (e > few x 106)
))Low bulk (<-5ppm/cm).and coating (<2ppm) absorption (thermar rensing rimit to

beam power and dark fringe contrast).

igh purity fusedGim
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Absorption in lnput Test Masses
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Pathfinder polishing
Surface Figure ResuTts

) ) NIST measurements of C
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Detector Status
detector/r&d

o lnitial Detector

construction

o Detector focus
>) Laser developed and constructed at Lightwave;

prestablization at Caltech (Hanford summer g8)

)) Core Optics - optics, polishing (under
construction)

)) Data Acquisition/Data Analysis - (construction)
)) Length and Alignment Sensing - (design)

o R&D
)> Phase Noise Interferometer - (near goal)

)> LfGo Lab advanced R&D program - (initiated)
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Power Recycled Michelson Acquiri ng
Lock
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LIGO Funding
by task and by year

r Construction Project

o Operations
)> physical detector integration

'> commission detector
coincidences end of 2000 h - 10-20

design sensitivity end of 2001 h = J Q-21

o Advanced R&D funding
>) develop enhanced detector subsystems
>) new inter{erometer configurations

[ lJ l NSF Review -March 3t - Aprit2,tees Ltco-eeaoooo-ooM

fiscal yr construction R&D operations advanced R&D
thru 1994 35.9 11.2

1 995 85 4
1996 70 2.4
1997 55 1.6 0.3 0,8
1 998 26.2 0.9 7.3 2,7
1 999 20.9 2.8
2000 21.1 2.9
2001 19.1 2.9

tota I 272.1 20 68.7 12.1



LIGO
construction costs

o tracking integrated cost-schedule
reporting
)> construction funds

)> committed

$2e2.1M

$200.7M

$24e.0M ?
>) remaining contingency $ 21 .0M

emphasize now on cost to complete
analysis

running contingency analysis

estimate estimated
pqc-gn! actual to percent

task complete costs comolete continoencY
facilities 88o/" 137.5 28 9o/o

detector 35Y" 18.7 34.8 35o/o

R&D 87% 20.3 3.1 0%
oroiect mot 84o/o 24.1 28.5 22o/o

data svstem 5.5
total 78o/o 200.7 70.4 3O"/o

NSF Review -March 31 - Aprit 2,1998 LtGO-G980000-0GM



LIGO
contingency analysis

rate of spending contingency remains
reasonable (eg. $2.9M since Oct 97)
we have committed about 50"/" or
original contingency while completing
78% of LIGO construction project

50

'45
40

35

30
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40% 60%
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Change Control Log

change Requests approved since october rggT Review

cR-970033 1.1.!
1.1.4

UA
1.4.4
1 '1:5
1.1.4
1.1A
1.1.2
t.t.j
1.1.2
1.1.4

1.1.4
1.1.4_

1.2.3*

1.1..4-

1.2.1

9iY!19

Cenera! 9o"pputiry
Genaral Crr

cR-970034 Sep-97 50,000
cR-970035 Sep-97 229,000
cR-970036 Sep-97 250,000
cR-970038 Ream Trlha \/ar.rrn O^1,^-EE Sep-97 250,000
cR-97003e

_ __... . u,v , 
=:11.!l!f 

I rrst\lg I_llclDE z
gp"tqo Oct-97 (441,000)

cR-970040 Nov-97 110,000

cR-970041 Nov-97 110,000
cR-970042

_ _-... . yyv heyv! | lrrr ^qluDuilell[ 
_ Loulslana

Civil Co

us
l{ancal Dhalno Eial,l ref-r

Nov-97 873,140
cR-970043 Dec-97 324,329
cR-980001 Dec€7 1,099,000

cR-980002
, rv..-vr. rrv.lee I .ef\r uuvtt\ lJllcrl;[lvcrs (lilol

@
=*gr

Jan-98 39,331

cR-980003 Jan-98 104,115
cR-980004 Feb-98 510.000
cR-e800gg
cR-980006

Feb-98 (757,000)
Feb=98 69,000
Mar-98 147,052

l8LIGO Lrco-c980034_00-P



LIGO
potential calls on contingency

r To manage contingency and assess
change control requests, we keep a
running list of all identified potential
calls on contingency

contingency
>) Most recent contingency calls come from the list

o We have the ability to manage the
remaining contingency and complete
LIGO on cost!

NSF Review -March 31 - April 2,1998 LIGO-G980000-0GM



Analysis of Potential Contingency Needs for
Facilities

LIGO-c980034-00-P



LIGO
schedule

o facilities construction nearing completion on
schedule

o detector is about 3 months behind schedule

Facilities

Beam Tube Final
SelectA&E Contactor
Complete Beam Tube QualTest

C omplete Performance Baseline
Initiate Beam Tube Fabrication
Initiate Slab Conshrction
Initiate Buildinq Consfuction

Vacuum Equipment
lnitiate Facility S hakedown

NSF Review -March 31 - April 2,1998 LIGO-G980000-00-M



'.tr*t$.\

Project Management Plan Milestones Status
Detector

*_Milesto@on Gurrent
Froiemion

ug-98

ata Acqusruon
cs Hnvtron Monitoring

__DecS7_* omplete__-Jril€tt--

egt n LA hterferometer Installation
In uotnct

LIGO
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Construction
summary

structi
o Total costs, milestones, v?riances

') construction project 78% complete; variances
small

facilities near complete
detector under construction

consistent with budget

Construction Schedule

Develop site based support

Detector physical integration

management determined

Testing and commissioning

O

o

NSF Review -March 3l - April 2,1998 LIGO-G98000O,0O-fVl


