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& PROCRAM:
% Speakers wuorking in LICO. VIRGO,
E GEQ, AIGC and TAMA will be invited
§ o give talks about their projocks, and
¢ related topics will he distussed. More ©
E than half the talks will be given by
[ invited spoakers and talks on coa
tributed papers will be guite short,

UBJECTIVES:
Dvlccting  gravitational  waves Ras
been & dream for a long time in foe
ficlds of astrophysicy and astroroey,
and recent developments make we B8
very confident of i bocoming @
reality. We wish to establish the bichd
of “gravitatiomal wave astronowmy”
which will afford new knowledye of
supernova  oxplosions and  conles
cences of binacy newtron stars that
carnot be obtained from other more
traditional sources such as opdical
and radio astronoeny. A few projects
have already started throughost the JSUNNE
world for the construction of lacge-
scale laser  interforometric  gravir
tational wave detectors, much as those §
of LIGQ and VIRGO, We in Jopas §
have bogun o develop 2 medivr- 3
scale laser interferometer, with o BN
basdline of 3% m. This three day
warkshop is devated to discassiony
and {0 communicalion  among
sesvarchers in the ficld.

| CONFERENCE S$116:
The Nationak Women's Education
Conter in the west of Tokyo, A map =
and. defailed indructions for travel by -
train of caf can he accessed at
hltp: 7/ uww, Lore , n-toXyo.
aq. jp/qr/TAMAIG faccess hEmL .

o
.7:'

E Foi further information please conbadt: i
TAMA Sueretary, Wliss Momabo Hinada 2,
wcctmw Astremonty Section "
A, 2-21- t(\sawa taka 181, JARAN

E-rnail mmm ras'at mtk nmac i

Rty \.

a\ m% 422 -3
URL forinformation:

http: Ffoww, Love . 0-tokyo.
a2, JpFay A TAMAY G/ main. ftml

An International Workshop on Experiments and Developments for
Gravitational Wave Detection

SCIENTIAC COMMITTEE:  Chebwem  Yoshihide Kozak, the leader of TAMA project v
. TKaife and MK Fujimote (Nationa) Astronamical Observatory), LArafune and K.Kuroda (JCRR of the Univeesity of Tokya) 4
o ¥ Saito (National Labotratory for High Energy Physics], K Tsubono (Faculty of Science of the University of Tokyc)
NMin (Facalty of Engineooing of the University of Tokyo), KUeda (ILS of the University of Blecro-Communications)
NXawashima {thc Institute of Spaw and Astronautical Science), T.Nakamuea {YTTP of the Kyoto Umwmty)




Civil Construction

M

¢ WA site

— completed finish grade and slip form of slab

— completed service road and distributed electric power
along arms

_ 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.

G960222-00-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.

¢ Rough grading:
— It rains alotin LA
— approximately 150 days lost to weather delay

— arms at full height since July

» should allow-sufficient time for settlement for Feb 97 slab
installation

» monitoring of settlement plates to look at creep rate.

G960222-00-F
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Beam Tube

LIGO 11/13/94 5
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Beam Tube Enclosure

¢ Objective:
— 700 pre-cast BTE’s on site by 9/1

— Installation contract placed to have BTE
installer work approx 3-5 sections behind CBI.

¢ Status:
— ACME manufacturing 17 enclosures/day

— Lavernier and ACME agreement to provide
“just in time” delivery

" G960222-00-F



LIGO Facilities
Beam Tube Enclosure

13'-4"

- .

Figure 2.1-1 - Cross Section of Design Baseline at
Hanford

Lm& 4 LIGO-G950085-00-M
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INSTALLATION WORK AREA - INSTALLING TUBES

ATTACHEMENT "™D™

o
g‘i’:"ér 2%
H

SEMI-TRAILER FOR TUBE DELIVERY
(SUN SCREBN REQUIRED DURING TRANSPORT)

PLAN VIEW AT TYPICAL TURE LOGATION

7




INSTALLATION PLAN

CLEAN
ROOM
COVERED . WEATHER
EMERGENGY BOCR PREP AREA BELLOWS(TYP
anranoow g Tt ROM
o " o 3

LIGO 14 FT WIDE SLAB
ROOMS MOVE ON "VEE" TRACK(TYP)
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BT ihstallation

¢ 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

G960222-00-F
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LIGO Data Stream and Data
Frame Design

0.15 MB/s _ o %
for 3 IFOs ca |
GW Signal 20 |w
® 3 g —
e |&
Channel1 |\ s~ A AN/ N AAA A AN
T R -4 |2
m __ =
2 m
Channel 3 [/ WWM WAl AU A g 5" ®
|8
(7]
WM AR 4 % N
u‘ —
Channel n g
Y
GPS Time [ | | | ‘
Calibration | NewCalib OldCalib OldCalib NewCalib
Frame 1 Frame 2 Frame 3 Frame 4 B

* Frame is (structured) self-contained snapshot
of data for a period of time

— GW channel & ancillary IFO channels
— Environmental monitoring (veto) channels
— Facilities/Vacuum health & status

wl 5 LIGO-G960211-00-E
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LIGO Site-to-site
Communications

»> Hanford-Livingston link permits real-time cross-
correlations among instruments

»> Caltech-MIT 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

13 LIGO-G960211-00-E
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Science & Computational Requirements

Initial LIGO Sources and Estimated Analysis Capability Requirements

equirements

:
;
g
H
g
3

Initial LIGO
Performance Estimate

If sufficiently asymmetric

Data Analysis Requirements

Burst Signals
AT<1s

BH/BH Collisions

Ry~ 1/ yr(?) @ 500 Mpc;

CPU

Minimal for
straightforward
correlation; if optimal filters
are discovered, problem
may increase in complexity.

Minimal

ing data for veto

Need PEM/houskeep-

Comments

able for correlation with
other astrophysics:
Electroweak

e  visible/radio/y
(HETE, GRO)
eV (Super-K/SNO)
Gravity

*  VIRGO/GEO

¢ Resonant bars
Waveforms unknown
2x/3x IFO correlation
Off-line analysis to
enhance SNR

NS/NS Inspirals

AT ~4x60 s

9{0 =3/ yr @ 23 Mpc;

Mys ~Mgun

10s < AT < 1000s

Chirped Waveform

BH/BH Inspirals

AT~4x10s

Ro~1/yr @ 150 Mpc;

Mys ~ 10Mgyy

~ 2 GFLOPS

~ 50 GFLOPS

~ 2 GFLOPS

‘Templates/Data

~20GB/~1GB

~500 GB /~10 GB

~20GB/~1GB

On-line analysis for
MNS>MSUN can be

done; appears feasible

downto ~ 0.3 Mgyn
2x/3x correlations feasi-
ble depending on SNR.
Coalescence event may
generate correlated
(EW) signals as above.
PEM/housekeeping
needed for vetoing
Template matching
(Wiener filtering) or
wavelet analysis in f-t
domain.

Off-line analysis to
enhance SNR




Data Analysis Requirements

Science & Computational Requirements

Initial LIGO Sowurces and Estimated Analysis Capability Requirements

IR,
h (10—6 r XP

Inidal LIGO

Data Analysis Requirements

e = 3x10™ ; r=10kpc ; P=1ms

recied searches ( .8.,
galactic center, known pul-
sars) require minimal

resources

All-sky searches require

T.. = 1063 tens of TFLOPS -- beyond
%) int s s1ies
P anticipated capabilities
o = SNR =5
$2
§ o
B z
=
<
“ Stochastic P Minimal requirements --
o Background Q>3x10" analysis maybe done on
5. 7 Q single workstations
%éa Q=% Af, f = 100Hz
o 9 Q
& . T, = 10 sec
<

10 GB for 10% (GW
waveform)

Comments

~Tine analysis
Detection less sensitive
to non-Gaussian noise;
more sensitive to cali-
bration drifts&drop-outs
Detection techniques as
for pulsars - narrow line
sources with modulated
frequency.

Correlations among
interferometers may be
performed (if needed)
after detection.

All-sky search requires

decomposition of 47T sr

into >10'° pixels, each
region requiring a differ-
ent spectral transforma-
tion of same dataset.

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

s




LIGO Data Analysis Flow --
Baseline

bursts,

stochastic,

etc.

- Interferometer EnI:/ ?'};s;‘:;nt CDS Health/
Outputs . Status

9 P Monitor

%

g

« ] MASTER DATA | Grouna | Data Archive

= | Frame Builder TAPE  [==®| (euniversity)

<

Q On-line E Off-line

&) N

Z

77

7))

8 Filter -- Filter -- Filter -
Process A Process B Process C

g

(- ¥

=

B Inspiral Periodic Diagnostics

ﬁ Data Data Data

<

()

77
7 Template Candidate Lo Refined Other |
E Searches Events Analysis Detector |
t Event Lists
Z :
< ( Science )

Products
>
(o]
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Data Analysis for Initial LIGO

On-line Processing Computing Resources &
Distribution

e Redundant systems at LA & WA Observatories
e Support for 1x, 2x, 3x operations independently

»> Diagnostics -- especially during commissioning

»> 2x/3x operations between sites feasible with reduced
datastreams

— Transient/burst signals (AT < 1s) -- GW + superveto/QA

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

e System configuration (target: Mys>0.3 Mgy)

»> Volatile data storage for 3 hours of data + 3 hours of

analésis (FIFQ) for 2 IFOs (WA) @ 100% data stream:
125GB+125G

»> Template storage for:300 GB

» ~ 2-50 GFLOP CPU system -- intrinsically parallel
computational requirements:

— Parallel processor(s) -- monolithic/efficient/more expensive
—  Workstation cluster -- versatile/less efficient/less expensive

— Specialized (DSP) system -- less versatile/efficient/least
expensive/upgrade difficult

7 LIGO-G960211-00-E
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Data: Analysis for Initial LIGO

On-line Processing Computing Resources &
Distribution

e System configuration (cont.)

»» Site-to-site communication link to provide 2x and 3x real-
time cross-correlation

— Selected (pre-processed) data subsets (GW + super-veto;
event lists)

— Two way: WA->LA & LA->WA
— Can support independent algorithms
— T1: 0.2 MB/s is barely sufficient for GW WA->LA

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

I-m& 8 LIGO-G960211-00-E
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Data:Analysis for Initial LIGO

On-line Processing Computing Resources &
Distribution

CORRELATOR

PRE- 2-50 GFLOP
PROCESSOR

DISPLAY &

‘\I-\NALYSIS

Results

DETECTOR
DATA
250 GB

LA <->WA

TEMPLATES
300 GB

IGO SITE LAN (ATM @ 20 MB/s)

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

9 LIGO-G960211-00-E
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Data Analysis for Initial LIGO

Off-line Processing Computing Resources &
Distribution

 Single system at a LIGO Laboratory University* |

e Supports analyses either not feasible or not
required on-line.

»» Stochastic background

»> Pulsar searches (directed/partial sky)

» Inspiral with combined IFOs (vector data for max. SNR)
»> Research on algorithm development & signal processing
»> Refined analyses

»> Novel searches

e Provides/manipulates data archive.

e Data access via WAN to other LIGO sites and
users.

e Utilizes and is designed around existing
University resources for maintenance,
availability, communications & support.

N 10 LIGO-G960211-00-E
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Data Analysis for Initial LIGO

Off-line Processing Computing Resources &
Distribution

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

»» Large data archive

& 500 TB/yr => 10k tapes/yr @ 50 GB/tape =>
0.5M/yr @ $50/tape)

»> Robotic tape access -- size TBD

»» Disc cache system capable of storing 450GB of data
— 8 hours of 100% data ~ 450 GB

—  ~ 5 weeks of GW data (suitably filtered to not require
ancillary channels)

»> Processors for computationally intense analyses
(100+ GFLOPS)

Support multiple, independent analyses (4 - 6)
— Parallel processor(s) -- monolithic/efficient/more expensive
- Workstation cluster -- versatile/less efficient/less expensive
— Distinctions will fade with time

»> High bandwidth communication to other LIGO sites &
collaborating institutions

— T3 (6 MB/s) or ATM (20 MB/s)

Lndg 11 LIGO-G960211-00-E
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Data Analysis for Initial LIGO

Off-line Processing Computing Resources &
Distribution

SOR CORRELATO
100 GFLOP

/ DISPLAY &

ANALYSIS

™
a

Results

ARCHIVE

LA <->WA

Collaborators Y

TEMPLATES
LIGO ANALYSIS CENTER LAN (ATM @ 20 MB/s)

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

Iﬁd&l 12 LIGO-G960211-00-E
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LIGO
R&D Program

e Sensitivity
» main features of 40 m spectrum understood
» monolithic test masses improve sensitivity

e Demonstration Experiments
» optical recombination demonstrated on 40 m
» acquisition locking with LIGO controls
» MIT phase noise experiments

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

» Program testing directed at tasks that could
effect design over the next two years

e Post- [detector design freeze][>1998]

» Advanced R&D program on techniques for
improved sensitivity;

» understand performance - initial interferometer

» gain experience running an interferometer
facility (perform search)

S : - -00-
LIGO 10 LIGO-G950085-00-M




LIGO Funding by NSF Task and by Year

Proposed

Fiscal Year | Construction R&D P—— Total

Thru 1994 359 11.2 N 47.1
1995 85.0 4.0 89.0

724
586
37.1
236
238
217

1996 70.0 2.4

10 months >

All funds shown in ‘then’-year $M

10 LIGO-G960209-00-M




Advanced Subsystems R&D

/

« Double Pendulum Suspension

e Reduced Thermal Noise

e Reduced Internal Test Mass Thermal Noise: Sapphire
e Higher Laser Power and Core Optics for Higher Power
e Increased Mass (Sapphire)

12 LIGO-G960209-00-M




hms Noise Envelopes for Initial LIGO
and Advanced Subsystems/Detectors

"20 T T T T T T T T T .
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What We Propose

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

e A program of research to define new advanced detectors
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
e 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 ¢ @
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[“Near-Guaranteed” source]
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10 | 1 |

1 10 100 1000
frequency, Hz

B 15 minutes & 10,000 orbits in LIGO band

B Rich information in waveforms:
masses, spins, distance, direction,
nuclear equation of state




