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LIGO
the project

® National Science Foundation
» D. Berley (view from the NSF)

@ Construction Project (1995-1999)

» Facilities and Initial Detector
» presently 78% complete !

e Commission Facility (1999-2001)

» |mplement Initial Detectors
— h ~ 1020 - Coincidence (Hanford/Livingston)
- Engineering run (end of 2000)
— h~10%" - Initial Design Sensitivity (end 2001)

e Operations (2002 + ...)

» Data Taking/Analysis
~ » Enhance Initial Detector
» Advanced Detectors

\ LSC Meeting -March ‘98




LIGO Schedule

main activities
1996 Construction Underway
-mostly civil
1997 ~ Facility Construction
-beam pipe & enclosure
1998 Construct Detectors
-complete vacuum systems
1999 Install Detectors
-interferometers in vacuum
2000 Commission Detectors
-first light; testing
2001 Engineering Tests
-sensitivity; engineering run
2002 Initial LIGO Detector Run
- h~102"
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LIGO Operations
physics/enhancements

e First Physics Run (~2002-2004)

» LIGO | Development Group
» |nitial LIGO design sensitivity h ~ 102
» one year integrated data (~ 2 year run)

» data reserved for LIGO | group for two years
from collection

e Enhancements/Data Taking (~2004- ?)
» Advanced R&D to reach h ~ 1022
» incremental improvements - LIGO |
» implemented from 2004, mixed with data taking

e Advanced Detector Configurations

» development work begins now
» implementation within 10 years (eg. 2008)?
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LIGO Livingston Status

® Staffing:

>> Present site staff 7+ 2 Parsons supports construction effort (beam
tube, civil, VE, and electrical installation, bakeout)

>> Site head (Coles) resident by end of July.
® Civil construction:

>> Joint occupancy of all buildings, final acceptance expected ~ April 1

® Beam tube:

>> Right arm completed and all tubes covered
>> Pump down staging underway with pump down to start 3/24.

>> Left arm installation proceeding at 16 tubes week. Expect to complete
installation by ~ mid July.

>> Beam tube fabrication will complete by the end of April.

® Vacuum equipment

>> Installation readiness review - end of March
>> Begin receiving VE ~ April 1
>> Complete VE installation and check out by year end.
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® 1998

»
>

® 1999

»

>»
>>
»
>>

® 2000

LIGO Livingston Plans

Complete construction

Prepare support labs (electrical, vacuum, optical) for detector
installation activities

Detector component installation (Seismic, PSL,100, suspensions and
core optics, etc.)

Data acquisition system installation
PSL commissioning
Michelson and Recycled Michelson commissioning by year end

Physics and Environmental monitoring system installation and
integration

>>Add Fabry-Perot arms and bring entire interferometer into operation
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facilities

° Hanford Construction
» building occupied, nearly complete
» we own the beam tube !! (prebake ~2 107 torr)

» near term activities - beam tube bakeout,
vacuum system implementationl

® Louisiana Construction
» buildings recently occupied

» 4 km beamtube complete
» near term activities - second 4 km beam tube

L8C Mesting -March ' 98
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LIGO 10-W Laser
Schematic Diagram
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Pre-stabilized Laser
Performance Requirements

e Output power
»>85Wina cifcular TEMyg mode
e Beam quality
»> < 100 mW total in all non-TEMgyy modes
‘*» Relative power fluctuations in the gravitational-
wave band
»> <107 1//Hz from 100 Hz to 10 kHz
* Relative power fluctuations above 24.5 MHz
»> <1.005 x the shot noise limit for 600 mW of laser power
e Frequency fluctuations
» <0.1x(100/f) Hz/AHz from 100 Hz to 1 kHz
* Beam relative pointing angle fluctuations

» <2x10°° 1/ Hz
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Detector Status
detector/r& d

o Initial Detector

» most subsytems are in final design or under
construction

@ Detector focus

» Laser developed and constructed at Lightwave;
prestablization at Caltech (Hanford summer 98)

» Input Optics - Florida (Hanford summer 98)

» Core Optics - optics, polishing (under
construction)

» Seismic Isolation - procurements;(first article 98)

» Data Abquisition/Data Analysis - (construction)

» Length and Alignment Sensing - (design)

e R&D

» Phase Noise Interferometer - (near goal)
» 40 meter Interferometer - (recychng established)
» LIGO Lab advanced R&D program - (initiated)

\ L &C Meeting -March ‘' 98




034 Jo Aseuno) oloud

O3y 1e sseN 9jeq Aq pejoadsuy|
'011dO HIANIdHLVd 31vO0D 1SHlid




Shot Noise

' -1
§h(f) z% (%E(f)) 5(0)

FeopeeTy oF /

INTERFEROME TER
OPTICAL CONFIGURHTION DeTe@MINED Pemnew

(mieror R'¢ ETC) By Eppecrve OPTICH
POWER

. Achieving Shot-Noise Limited Phase Sensitivity
Requires Understanding and Control of All Other
Optical Sources of Noise

Laser Noise
Photodiode Uniformity

Modulator-Induced Noise
Scattered Light

LIGO Requirement | 10~1% rad/v/Hz

Current 40-m Interferometer 1078 rad/vHz
MPQ Garching f 10"9‘ rad/vHz

LIGOS
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Initial Interferometers
Configuration

" Recycling | 4 km Fabry-Perot Arm Cavity
Mirror —! Input Mirror End Mirror
T~3% T~3% - R ~100 %

Laser ﬂ V/
Nd:YAG | gw | |ooow & H 10kW ”

|
== Photodetector
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Technical Status
data and computing

e Detector Diagnostics
» concepts and design

e Data Analysis System (DAS)
» data formats - frames (VIRGO)
» architecture and design
» 40 m data to test DAQ/DAS systems

e End to End Simulations
» development and 40 m validations

These activities will interface with new
L SC development groups

L&C Meeting -March ' 98
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LIGO Laboratory
&
LIGO Scientific

Collaboration
(LSC)




LIGO Laboratory
formation

e Mission and Responsibility
» operate Hanford and Livingston
» assure scientific vitality of these facilities

» provide for acquisition of data, and systems for
modeling and data analysis

» operate research and test facilities at sites and
at MIT and Caltech

» support engineering design and fabrication of
detector upgrades of new detector systems

» carry out R&D toward future LIGO program
» support LSC in exploitation of scientific goals
» review and coordinate new LIGO research
initiatives
e Laboratory Charter

» approved by Caltech/MIT; final wording being
determined with NSF

» Directorate, plus functional operational units for
Hanford and Livingston Sites; Detector support,
Data Analysis and Computing; Advanced R&D;
Research Facilities; Technical and Engineering
Support and Administration

LIGd& L SC Mesting -March ' 98




LIGO Laboratory
MOUs and Attachments

e LIGO Laboratory and each LSC
Collaborating Group work defined
through an MOU, plus attachments for
each activity (updated every 6 months)

» the attachments describe the program of the
group, the collaborating persons and FTE
equivalents; and the requests and
responsibilities of the laboratory

o Initial MOUs and Attachments are ALL
ready to sign for each institution to be
charter members of LSC

» 201 collaborators (159 FTEs,)
» 19 collaborating groups (including LIGO Labs)
» 41 members on collaboration council

l.lGd& LSC Meeting -March ‘98




N acme.
TACIGA
CaRT
CeGE
FIORID A
6ES6

<X i‘HLA

* | SU
*MICHIGAN
1M b0SCoW
NORTRWESTERN
ORECON

PENN STATE
STAN FORD

SYRACUSE.

U W-Mi(wavkes
Caltech
MiT
RANRZD
LIVINCGTON

TOTAL

XOLD NUMBERS

20)

| |
|9 LSC Corovps

H Meuwbers HFTE

1.9
3.4

|, &
lo, 15~
13,45~
Y, 05
2,35
2.6
9.0

4,6
3.

e
| 3.65
Y.0
2.05
32,85
17,75~
b.o
7.0

T )59y

I=

NN o —w— - —MN_ —

YXN




s e e A e S R S e e 8 20

LIGO Laboratory
L 1GO Science Collaboration

The Laboratory is the responsible institution
for LIGO, operated through a cooperative
agreement with the NS, and through an
approved structure to Caltech/MIT,
including oversight .

The scientific collaboration is created by and
will be responsible to the Laboratory

e LIGO Science Collaboration (LSC)
carries out the LIGO science program .

e The LSC communicates with LIGO
Laboratory, NSF and the community
through the spokesman.

@ LSC charter and publication policy
under discussion.

» interface-with Laboratory and Institutional
programs must be determined

LIGO& ' L SC Meeting -March 98
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