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Civil Construction

I WA site
completed finish grade and slip form of slab

completed service road and distributed electric power

along arrns

Completed precast approx 1500 BT enclosure

segments

demo' d installation technique

completed final design and initiated construction of

WA bldgs .

awarded BT enclosure installation contract

G960222-00-F
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WA bldg status
Otto Matherny

. Bldg construction status

mid and end station footers installed

conduit for power and data acquisition and

control installed

vaults and power for bakeout and site power

installed

conduits to chiller yards from mid and stations

placed.

G96A222-00-F
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LA Civil Construction Status
Otto Matherny, Fred Asiri

. Bids opened for slabs, enclosures, roads, buildings

apparent low bidders within budget.

t Rough grading:

It rains a lot in LA
approximately 150 days lost to weather delay

arms at full height since JulY

installation

G960222-00-tr



LIGO

LIVINGSTON PARISH

LOUISIANA

AERIAL PHOTO BY:

GULF COAST AERIAL MAPPING

FLOWN:AUGUST 25' 1995

ALTITUDE: 12'OOO FEET
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Bearn Tube

5LIGO 11113194



65432

Minor of
Suspenskrn-point
lnlerleromeler

Suspension
Wires

CLEARAPERTURE=lm

BAFFLE l.D" = 1.10 m

*lnTtFf l.D.* 1.82,a

Tesl Mass



WAREHOUSE #5, BAYS #1 &#2 An cwPresss

h2 TANK & EVAPORATOR UNIT
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HANFORD LOCATION
FABRICATION FACILITY
BIG PASCO WHSE f5, BAYS I & 2
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Beam Tube Enclosure

I Objective:
700 pre-cast BTE's on site by 9lI
Installation contract placed to have BTE
installer work approx 3-5 sections behind CBI.

t Status:

ACME manufacturing 17 enclosures I day

Lavernier and ACME agreement to provide
'Just in time" delivery

G960222-00-F



LIGO Facilities
Beam Tube Encloxure

13'4"

Figure 2,1-I - Cross Section of Design Baseline at
Hanfard

4tLNl LlGOG950085-00-M













INSTALLATION WORKAREA - INSTALLING TUBES
ATTACFIEMENT "'D.''

N'TAIEDEAT'
N.EGHO[,T.E

BEAMTUE
ENCLGI'RE
@I/ER

HYDRAULIC CRANE

SEM].TRAILER FOR TUBE DELIVERY
g.}f Ct fEf.nGD H,nftll IRA['|SPOR|I)

ttrt uEw AT TYPICAL Tt|r l4ilOn



INSTALLATION PLAN

CLEAN
ROOM
COVERED

P AREA

ROOMS MOVE ON'\/EE" TFTACK(TYP)





installattonBT

.Installation:
>> weld enclosures , air filtration system delivered to

site

>> first gate valve installed

> high precision site survey completed to provide
reference locations for BT installation

>> installation readiness review completed

G9ffi222-00-F
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LIGO Data Stream and Data
Frame Design

0.15 MB/s
for 3 lFOs
GW Signal

Channel 1

Channel 2

Channel 3

Channel n

GPS Time
Calibration
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Frame 2
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I Frame is (structured) self-contained snapshot
of data for a period of time

r GW channel & ancillary IFO channelsr Environmental monitoring (veto) channels

- FacilitiesA/acuum health & status

tuc#-l
/hornelazz/Prcsentations/}.lsF
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LIGO Site-to-site
Communications

))

Hanford-Llvingston link permits real-time cross-
correlations afircng instruments

Caltech-MlT link provides high speed link to data
archives; data tapes to be archived at university.

Site-University links provides site scientific staff access to
archived data
University gateways provide broader access to database

Data tapes transported to University repository

))

))

),

rffil
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Data Analysis Requirements
Science & Computational

Initial LIGO Sources and Estimrtcd Analysis Capability Requirements

Data Analysis RequircrnenGInidal LIGO
Performance Esdmete

Minimal
N€€d PEM/honskeep-

ing data for veto

w tL- L Ltrz utuu ! J 6 u6tt-
able for conelation with
other astrophysics:

Electroweak
. visible/radio/y

(}IETE, GRO)

. V(Super-MNO)
Gravity

. VIRGO/GEO

. Resonant bars
Waveforms unknown
2x13xIFO correlation
Off-line analysis to
enhance SNR

Minimal for
straightforward

correlation; if o ptitrwl filter s
are discov ered, problcm

may increase in compkxity.

-2-3/ yr @ 15Mpc

Xo- L/ yr(?) @ 500Mpc;

MsH-30-200MsuN

BH/BH Collisions

un-Lme analysts ro1

MNS>MSUN can be

done; appeus feasible

down to - 0.3 M5UN

2xBx conelations feasi-

ble depending on SNR.
Coalescence event may
generate correlated

@W) signals as above.
PEWtrousekeeping
needed for vetoing
Template matching
(Wiener filtaing) or
wavelet analysis in f+
domain.
Offline analysis to
enhance SNR

- 2GFLOPS

- 50 GFLOPS

- 2 GFLOPS

-20 GB /-1 GB

-500 GB /-10 GB

-2OGB /-1GB

- 3/ yr @ 23 Mpc;

AT-4x60s MNs-Msux

AT-4x500s MNs-0.3MsuNu)x
><

V
F.r

o

NS/NS Inspirals

frs- I/ yr @ 150Mpc;

lT-4x10s MNs-lOMruN;



D*ta Anafysis Requirements"
Sionce & Computational Requirements

Inffd LIGO So*w d Efued Andysis Capability Requirements

Data Analysis RequirementsI#C LIGO
h*frrnmoc nr$hfig

3x10-5 ; r=l0kpc

Tint = 106s

SNR-5
10 GB for tds tCVf

waveform)

Detcc-tion less sensitive

to nm€arssian noise;
mme rpnsitir€ to cali-
bration drifts&dropouts
Detection techniques as

forpulsars - narrow line
sources with modulated
ftequency.

Correlations among
interferometers may be
performed (if needed)
after detection.
All-sky search requires

decomposition of 4rl sr

into >1010 pixels, each
region requiring a differ-
ent specral ftansforma-

tion of same dataset.

gdactic center, known pul-
sars) require minimal

resources

All-slry searctrcs roquire
tens of TFL@S - beyoM

anticipated capabilities
cn

f-

Fl \o
.3o ou)-

I

F

'-l*Xryx+f

analysis maybe done on

single worlstations

. UII-Ime analysts

. Requires multiple inter-
ferometers to be corre-
lated; may use PEM to
imprive SNR.

Background

o=*
O > 3x10-6

Af, f * 100H2

Tiot = 107sec



LIGO Data Analysis Flow
Baseline

II

CDS Health/
Status

Interferometer
Outputs Environment

Monitor

MASTER DATA
Frame Builder

Filter --
Process B

Filter --
Process C

Inspiral
Data

Periodic
Data

Diagnostics
Data

Other
Detector

Event
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Data Analysis for lnitial LIGO
o n-t i ne P rocest'39,?Blll"t1li ns Resou rces &

Redundant systems at LA & WA Observatories

Support for 1X, 2x,3x operations independently
) ) Diagnostics -- especially during commissioning

) ) 2xl3x operations between sites feasible with reduced
datastreams

- TransienVburst signals (AT . 1 s ) -- GW + superveto/QA

- Inspiral & coalescence waveforms (10s < AT < 1000s)
-- events

System configuration (target: M^rs)O.3 Mrr*)
) ) Volatile data storage for 3 hours of data + 3 hours of

analyEs (FlF^OJ tor 2lFOs (WA) @ 100% data stream:
125GB+125G8

)) Template storage for:300 GB

)) 2-5A GFLOP CPU system -- intrinsically parallel
computational requi rements:

- Parallel processor(s) -- monolithic/efficient/more expensive
r Workstation cluster -- versatile/less efficient/less expensive
r Specialized (DSP) system -- /ess versatile/efficienUleast

expe n s ive/u p g rad e d iff i cu lt

trffil
/bomenazz/Presentallons/l.lSF

7
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Dato,Analysis for lnitial LIGO
On-line'Processing Computing Resources &

Distribution

o System configuration (cont.)
) ) Site-to-site communication link to provide 2x and 3x real-

ti me cross-correlation
r Selected (pre-processed) data subsets (GW + super-veto;

event lists)

- 
l*o 

way: WA->LA & LA->WA
r Can support independent algorithms

r T1 : 0.2 MB/s is barely sufficient for GW WA->LA

- T3 (6 MBls) or ATM (20 MB/s) will be available by time
needed

tffiil
Aornenazz/P,esentatlonsNsF

8
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Datnr Analysis for Initial LIGO
o n -t i ne'P rocest,ilg,?81[1;,i ns Resou rces &

PRE.

DETECTOR
DATA

250 GB

CORRELATOR
2.50 GFLOP

TEMPLATES
3OO GB

SITE LAN (ATM @ 20 MBfg

tml
fi omdlazz/P resentatioris/}.,lSF

I
_Revisrvgt lSF_96-1 0NsFRevleu,96l 02 f 1 {il.*ns

DISPLAY &
ANALYSIS

UGO WAN (T3 @ 6 MB/s or ATM)

LIGO-G960211-00-E



Data Analysis for Initial LIGO
off-t ine Procesr,ilg,?81fit;,ins Resou rces &

o Single system at a LIGO Laboratory University"
o Supports analyses either not feasible or not

required on-line.
) ) Stochastic background
) ) Pulsar searches (directed/partial sky)
)) Inspiral with combined lFOs (vector data for max. SNR)

) ) Research on algorithm development & signal processing

) ) Refined analyses
) ) Novel searches

o Provides/manipulates data archive.
o Data access via WAN to other LIGO sites dhrd

users.
o Utilizes and is designed around existinE

University resou rces for maintenance,
availability, communications & support.

rml
/homenazz/Pr€sentatlonsn{SF
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Data Analysis for lnitial LIGO
off-t i ne P rocest'$9,?Billfit;,ins Resou rces &

o System configuration (target: max. capability for
multiple users)

) ) Large data archive
( - 500 TB!Vf=> 10ktapes/yr @ 50 GB/tapQ =2
$o.svtlyr @' $sO/tape) 

'

) ) Robotic tape access -- size TBD

" 
:''TT TilLtiff:#:* fi{ : :::: :T:

ancillary channels)
) ) Processors for computationally intense analyses

(100+ GFLOPS)
Support rnultiple, independent analyses (4 - 6)

: ffiiffin::::' :::i,:J;:::;;:;:#"'::::;:::i:,
- Distinct[ons will fade with time

)) High bandwidth communicatbn to other LIGO sites &
col laborating i nstitutions

T3 (6 MB/s) or ATM (20 MB/s)

EtrI
fi om€r/lazzlPresentatlonsNsF

11
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Data Analysis for Initial LIGO
off-t ine P rocesttsg,?Billfii,i ns Resou rces &

CORRELA
1OO GFLOP

ARCHIVE {--l
= 

.=-=

J

DATA
450 GB oL

oH6bo
.o
-g
-oo

TEMPLATES

IJGO Al$ trYSlS CENTER LAN (ATM @ 20 MB/s

LIGO WAN G3 @ 6 MB/s or ATM)

12
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LIGO
R&D Program

o Sensitivity
)> main features of 40 m spectrum understood

>) monolithic test masses improve sensitivity

o Demonstration ExPeriments
>) optical recombination demonstrated on 40 m

>) acquisition locking with LIGO controls

>) MIT phase noise experiments

o Pre- [detector design freeze][<1998]

effect design over the next two years

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

improved sensitivitY;

)) gain experience running an interferometer
facility (perform search)

10 LtGO-G950085-00-M



LIGO Funding by NSF Task and bY Year

Proposed

Fiscal Year Construction R&D Operati,ons Total

Thru 1994 35.9 ll.2 47.1

1995 85.0 4.0 89.0

1996 70.0 2.4 72,4

1998 27.1 7.3 37.1

1999 20,9 23.6

2000 2l.l 23,,8

200r 10 months > 21,7

All funds shown in'then'-year $M

IrFN\-

10 LIGO€960209-00-M



Advanced Subsystems R&D

o Double Pendulum Suspension
o Reduced Thermal Noise

o Reduced tnternal Test Mass Thennal Noise: Sapphire

o Higher Laser Power and Core Optics for Higher Power

o Increased Mass (Sapphire)

12 LIGO-G960209-00-M



hr* Noise Envelopes for lnitial LIGO
and Advanced Subsystems/Detectors

.r{:.)

broad band

gravity \
gradients

o
tr
h
E
o
=^ -22EE
o

2
logl0(frequeracy Hz)

7 LIGO-G960209-00-M



What We Propose

o A program of research to define advanced subsystems
intended to be enhancements to the initial LIGO intederom-
eters

o A program of research to define new advanced detectors
o A five year program in each thrust

) ) Some areas of research will enable implementation proposals

) ) Some research areas will not be completed and will become part of a
following R&D proposal

o A program based upon the benchmark gravitational wave
sources, but intended to be flexible if the course of physics
research dictates a different evolution of LIGO capabilities

4 LIGO-G960209-00-M



NEUTRON STAR BINARIES

[" N ear- G u a ranteed" so LJ rce]
t o-16

to-17

t o-18
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to-21

to-22

t o-23

10 100

frequency, Hz

1 000
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I l--_ a- I- lc)

ak
NSA[s_?s-MpcrriitAvr__J

Tfif tF$*-nlpT -i;:i
ilsiH-9=299Vpe-
trt f * lq--d-i_-i --rr___L

-__,___)
Nrs.#g-lqo-ofiil:
ftF.i.d;-? :,-;':.a+r rlg}j*T {^* E

ftl minutes &1 0,000 orbits in LIGff^ band

fRich information in waveforms:
masses, spi ns, distance, di rwtion,
nuclear equation of state


