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May 22, 1995
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» Concept and Cost Estimate: June - September 1994

* Implementation Plan: September - December 1994

« Design Activities: Start December 1994
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DETECTORIMPLEMENTATION
STRATEGY

« Detector activities governed by implementation
plan and Project Management Control System

« Detector work organized into tasks (according
to WBS), each under a Task Leader

 Detector program implementation consistent
with Sept. 94 Cost Book

« Technical basis of Detector program:
»>conceptual design based upon past R&D activities
»>design evolution utilizes:

—on-going R&D activities
—modeling

—engineering optimization
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DETECTOR GROUP

® Group Leader: R. Vogt

® Deputy Group Leader: W. Althouse

® (CDS Task Leader: V. Schmidt

® |FO Task Leader: TBD

® Systems Task Leader: R. Spero

¢ PEM Task Leader: R. Weiss
® SUP Task Leader: F. Raab

SCIENTISTS (8):

J. Camp

P. Fritschel

S. Kawamura
R. Savage

D. Shoemaker
N. Solomonson
TBD (Optics)
TBD (General)

ENGINEERS (12):
CDS:

Optics:

Mechanical:
Project:

TECHNICIANS:

(R&D STAFF)

R. Abbott (6/5/95)
D. Barker (6/1/95)
R. Bork

J. Heefner

TBD (Analog) (O/P)
TBD (Digital)

G. Billingsley

S. Elieson

D. Jungwirth

J. Hazel

TBD

TBD

XX
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PRINCIPAL INVESTIGATOR
B. Barish

PROJECT MANAGER
G. Sanders

DETECTOR
R. Vogt, Group Ldr.
W. Althouse, Dep.

R&D

S. Whitcomb, Grp. Ldr.
D. Shoemaker, Dep.

IFO

CDS

TBD, Task Ldr. V. Schmidt, Task Ldr.

PEM
TBD, Task Ldr.

SuUp
F. Raab, Task Ldr.

SYS
R. Spero, Task Ldr.

[TTTTTT]

IFO Subsystem Task Leaders:

Seismic Isolation, N. Solomonson

Prestabilized Laser, J. Camp

I/O Optics, J. Camp

Core Optics Components, R. Savage

Core Optics Support, R. Savage

Alignment Sensing and Control, D. Shoemaker
Length Sensing and Control, P. Fritschel
Suspension Design, S. Kawamura
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FROM
/O OPTICS

TO I/O OPTICS
& LENGTH SERVOS

TO I/O OPTICS,
LENGTH SERVOS
& ALIGNMENT SERVOS
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FOLDED LAYOUT
FOR OFF-VERTEX
SPLITTER POSITION

(WA 2 km) A



Primary Laser
Table

[H 514.5nm 5 Waltt -lﬁg—

Laser Source for
Interferometer

Ar=10"VAz
f

AP =10"4/yHz
P

Secondary Laser
Table

Vertex Station

PSL Optical Optics Table

Y

N 514.5nm 5 Watt 5%

Back-up Source for
Interferometer
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Applies reference cavity lock Applies interferometer length

modulation (-1oMHz ) control modulation
Stabilizes power 4£= 1077 /4Hz Expands beams
Provides frequency Provides optical isolation

stabilization _A}£= 10718 /yHz



Vertex Station

AN

To Beam
Splitter

..................

From
Optics
Table 1

Triangular Mode Cleaner (12 m length) Recycling Mirror for 4 Km

Interferometer
Suppresses backscatter (r_ /B <10¢)

* Reduces Pointing jitter (as_ /a8, <10?)

* Provides additional frequency stabilization,

by a factor of 1000, to  af=101/4Hz
f

Beam expander

Drawing Not To Scale
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Vertex Station

To
perpendicular
arm

In-line Arm

From HAM #3

Output Beam
- ~5m >
Turning Flat and Input Mirror
Beam Splitter for 4 km Input Mirror for 4 km Interferometer T S InmramBlen
Interferometer
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Mid Station

End Mirror for 2 km Interferometer
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End Station

End Mirror for 4 km Interferometer
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DESIGN CONTRACT,
OPTICAL RESEARCH ASSOCIATES
(ORA)

(Code V, Light Tools)

PILOT PROJECT (3 mos)

1.

&.

Optical layout (geometric/Gaussian ray
tracing) of main interferometer components
and beams (3D)

Conceptual optical design for mode matching
telescope (PSL to mode cleaner)

Beam splitter designs (multiple reflections)

Wedge angle design for main optics,
including stray and monitor beams

System and subsystem response analysis 1o
drifts, aberrations, and other imperfections.
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DETECTOR EFFORI
MANAGEMENT

Implementation Plan (Detector Workbook)
»> Policies and Procedures
>> WBS

»> Schedules, Cost Baselines (derived from integrated
project cost/schedule system)

Detector Handbook
Technical Reports

Milestones / Documentation

»> Design Requirements Reviews (DRRs)
—Design Requirements Document (DRD)

»» Preliminary Design Reviews (PDRs)

»» Proto Test Reviews

»» Final Design Reviews (FDRs)

»> Ist Article Test Reviews

»> Preship Reviews

\\ LIGO-G950018-01-D
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« Weekly Reports
« Weekly Detector Group Meetings
« Weekly meetings with Subsystem Task Leaders

- Weekly Project Control Meetings (3-mo. rolling
status report)

 Project Management Control System

LIGO-G950019-01-D
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COBRA (R) LIGO PROJECT Date: 16MAYY95
Report: SPA_XM 4.2 Betector: Program: TESTPMB
LEGEND Budget vs Performaence vs Actual
Bud .“.‘.v‘.‘.,v.,..v..‘.v
Pep —————/ Schedule Performance Index= 104 Cost Performance Index= 65
AOE  ssmtmiemtomiitinsninsis
ETC .
¥ Status Date: 31MARSS
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FY94 DEC94 JANGS FEB95 MARSH APR95 MAY95 JUNS5 JULY95 AUGS5 SEP95 0CT95 NOV95 SCALE

Budget 0 75 211 354 553 745 978 i, 342 1,704 2, 132 2, 635 3,179 3,675 K$
Performance 0 0 0 0 577 K$
Actual/Forecast 0 194 397 599 887 K$
Schedule Variance 0 -75 - 211 - 354 24 K$
Cost Variance 0 - 194 - 397 - 599 - 310 K$

Schedule Variance = Perf-Budg

Cost Variance

= Perf-Actual

Schedule Performance Index= Perf/Budg
%¥%% Prepared by LIGD Project Controls Group Xxx

Cost Performance Index= Perf/Actual




LIGO-M940005-C-D

MILESTONE

Imposed Project Milestones:

‘WA Buildings Joint Occupancy
LA Buildings Joint Occupancy
WA Facility Ready
LA Facility Ready

Significant Detector Milestones:

Detector Implementation Plan Approved

CDS Design Requirements Review

PSL Final Design Review

BSC/TMC Seismic Isolation Final Design Review
CDS Vacuum Controls Final Design Review
HAM Seismic Isolation Final Design Review
Core Optics Support Final Design Review

Core Optics Components Final Design Review

Detector System Preliminary Design Review

Input/Output Optics Final Design Review

CDS Data Acquisition Final Design Review

Length Sensing/Control Final Design Review
Alignment (Wavefront System) Final Design Review

CDS WA Site Vacuum/Control Area & Networking Systems Ready for
Installation

Physical Environmental Monitor Final Design Review
Begin WA IFO Installation
Begin LA IFO Installation

SCHEDULED
DATE!

7/98
1/99

1/95
10/95
4/96
11/96
1/97
11/96
10/96
12/96
7197
1/97
7/97
5/97
9/97
9/97

6/98
7/98
1/99

LATE
DATE2

997
3/98

8/97
11/96

12/96
11/96
197
1/97°
6/97
4/98
5/98
1197
9/97

6/98
7/98
1/99

March 1995 baseline
2From LIGO Project Management Plan, LIGO-M950001-13-M, February 1995
3Change Request in process

Table V-1: Detector Milestones




Time Now: 51A§r§5 Mil\é’éi!gﬁ‘; ij/ﬂwﬂ[/é{l[‘% Detector Milestones \Q'
Project: Untitled #1 Baseline 3 LIGO
Run: 04May95 BaselineMS *
Page: 1of8 Open Plan Professional by Welcom Software
' 1994 1995 1996 1997 1998 1999
Kt 1 Apr | Jul | Oct |Jan | Apr| Jul |Oct [Jan | Apr| Jul | Oct |Jan| Apr| Jul |Oct |Jan | Apr| Jul [Oct |Jan | Apr| Jul | Oct |Jan
21140303 |COC PATHFINDER REVIEW 12.1.1.4 4 15Dec94
*150&34 -
21120103 |PSLDRR 1.2.1.1.2 AOéFebIQS
*0gFebos
22112015 |PSL CDS DRR 1.2.2.1.01.02 AOBFebd5
*06Febsb
21161506 |ASC DRR 2148 A T8APrg5
s ik 18Apra5
21162510 |(OPTLEV DRR 12116 A18ApPra5
M 18Apras
21181704 |SUS DRR 12118 A01May95
*01May9
21120107 |PSL PDR 12112 A04May95
H04Mayst
21162512 |OPTLEV PDR 12116 A16May95
*1éMay 5
21140301 |COC DRR 12114 A01Jungs
*01Junds
21190803 |SYSTEM REQUIREMENTS REVIEW | 12119 ig’JJJUQS%
un
22112025 |PSL CDS PROTO INSTALLED IN OL 1.2.2.1.01.02 A01Jun95
A01Junbs
21165570 [IAS SENSOR SELECT 12116 A02Jun95
——]— #*02JunBs
21164545 |CNTR SENSOR SELECT 12116 a14J:n95
*{14Jungs
22112050 |PSL CDS PDR 1.2.2.1.01.02 AO01Aug95
— #01Aug9
2211A010 |VFC DRR 12.2.1.01.10 A03Aug95
*03Aug95
22116020 |AS OPTLEV CDS DRR 1.2.2.1.01.06 A30AUg95
A 30Aug95s
22152005 (VACUUM EQUIPMENT PDR (EXTERNAL) 1.2.2.1.05 ﬁgJAAugs%
ug
22131005 (IFODAQ & TIMING DRR 1.2.2.1.03 /_\31 Sep9s
H*01Sef95
22181005 |RDIAG DRR 1.2.2.1.08 A145ep9s
‘ 1458595 .
22119010 |IFO CDS INTEG DRR 1.2.2.1,01.09 02Qct9s
k 020F195
22151005 |VAC CDS DRR 1.2.2.1.05 02Qcts5
020¢t95
22161005 |CA/NS DRR 1.2.2.1.0¢ iDZ ct9%
(0206195
22191005 |GCDS DRR 1.2.2.1.09 A02Qct9s
: X 0206195
21181706 |SUS PDR 12118 {306(50&95
- *06C0ct95
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Time Now: 01Apro5 Milestone Detector Milestones N\
Project: Untitled #1 Baseline 4 & LIGO
Run: 04May95 BaselineMS
Page: 20f8 Progress _ Open Plan Professional by Welcom Software

0. 1994 1995 1996 1997 1998 1999
T {8 1 Apr| Jul |Oct |Jan | Apr| Jul {Oct |Jan | Apr| Jul | Oct |Jan | Apr| Jul |Oct|Jan|Apr| Jul |Oct |Jan | Apr| Jul | Oct |Jan
21120106 |PSL PROTOTYPE TEST REVIEW 12112 A0TNov95
*01Novas
22118015 |PROTO OSEM HEAD (L) READY 1.2.2.1.01.08 o ol
A 0GNove:
AO06Nov95
22114020 [VFC POR 1.2.2.1.01.10_ xodowss
A07Novg5
22118025 |PROTO OSEM HEAD (S) READY 1.2.2.1.01.08 e iy B
AOBNO v95
21162516 |OPTLEV PROTO TEST REVIEW 12116 = NOVJS
22116035 |AS OPTLEV CDS PDR 1.2.2.1.01.06 ATSNoyS5
- 15Nov9s
A02Jan%6
21162518 |OPTLEV FDR 1.2.1.1.6 i
A05Jan96
22119020 |IFO CDS INTEG PDR 1.2.2.1.01.09 i i |
A10Jan96
2211A030 |VFC FDR 1.2.2.1.01.10 Ho_jé@ﬂ
A16Jan
22116050 |AS OPTLEV CDS FDR 1.2.2.1.01.06 it s
21181709 |LOS PROTOTYPE TEST REVIEW 121.1.8 A25|Janégs
#25Jan96
21182718 |SOS PROTOTYPE TEST REVIEW 1.21.1.8 AZE}Jan 6
. H25Jan96
22112036 |PSL 40m TESTS COMPLETE 1.2.2.1.01.02 "—\26,"13” 56
+*26Jan9
A30Jan96
21131203 |I/O OPTICS DRR 12113 e el
AO1Feb96
22162005 |CA/NS PDR 1.2.2.1.06 5
21163522 |WVFNT DRR 12116 A07Febos
07Febg
A14Feb96
21150403 |COS DRR 12115 tg‘_‘fe? "
21164547 |CNTR DRR 1.21.16 A26Feb96
26Feb6
21111014 |HAM DRR 121111 AgWérgs
; *01Maros
21112030 |BSC/TMC DRR 121112 AP Mirgs
* 1Ma
21170607 |PHASE NOISE R&D RESULTS 12117 ﬁ 11151\:&;96
21170608 |LSC DRR 12117 A1 M‘&r’rgs
*%1Mar96
AD5MAr96

21182720 |SUSPENSION FDR 12118 il

01Apra6

2111020 SI CONTROLS DRR 1.2.2.1.01.01 T




Finish: 01Apro5 Critical N\
Time Now: 01Apro5 Milestone ‘wﬁ Prestabilized Laser \
Project: Untitled #1 Baseline 3 Milestones LIGO
Run: 03May95 BaselineMS *
Page: 1 of1 Progress NN Open Plan Professional by Welcom Software
: ! 1994 1995 1996 1997 1998 1999
Aty 5}
¢ : Apr| Jul |Oct |Jan | Apr | Jul |Oct |Jan|Apr| Jul | Oct |Jan|Apr| Jul |Oct |Jan|Apr| Jul [Oct [Jan [Apr| Jul [ Oct [Jan
AO6Feb95 il
21120103 |PSL DRR 12442 40dFebo
AO6Feh95
22112015 |PSL CDS DRR 1.2.2.1.01.02 #0dFebok
A04May95
21120107 |PSL PDR 1:2.9.1.2 *0‘4‘;\1@@___,
22112025 |PSL CDS PROTO INSTALLED IN OL 1.2.2.1.01.02 i{ :Jﬂn n595
22112050 |PSL CDS PDR 1.2.2.1.01.02 AD A“%QS
+01Aug9
21120106 |PSL PROTOTYPE TEST REVIEW 1:2:4.1.2 fcoh 1:3395
22112036 |PSL 40m TESTS COMPLETE 1.2.2.1.01.02 AzgJandt
; #26Jan9
A17Apra6
21120109 |PSLFDR 1.2.1.1.2 4 17Apro6
A17Aprd6
22112065 |PSL CDS FDR 1.2.2.1.01.02 *1#\”96
A15Sep97
21120112 |PSL 1ST ART. TEST REVIEW 1.241.2 Wissehs?
21212114 |WA4K PSL PRESHIP REVIEW 1.21.21.2 A02Mar98
+*02Man98
21222115 |WA2K PSL PRESHIP REVIEW 121222 AQZMurIs
#02Man98
21312116 |LA4K PSL PRESHIP REVIEW 1.2.14.3:1.2 AQ2Mar9g
: J02Mar98







* Control model
* Wavefront sensor

* Teston lfo
WVFNT ALIGNMENT WVFNT ALIGNMENT WVENT ALIGNMENT
START B{ IFO OPERATIONAL | MEASURMENTS
10/94 12/95 4/96

WVENT ASC WVFNT ASC
PDR

5/96

WVFNT ASC
FDR
9/97

DRR
2/96

\ 4

. ) * Photodetector
Demonstration * Modulation system
of phase sensitivity * Scattered light control
PHASE NOISE PHASE NOISE PHASE NOISE PHASE NOISE
START - RECYCL. MICHELSON |-#> OPER w/ MC - COMPLETE
6/94 8/95 4/96 6/96
LSC
DRR
3/96
l40m RECOMJ/RECYCL | 40m RECOMBINATION 40m RECYCLING
START »|  COMPLETE > COMPLETE AN%“PN?EST&F’T"]‘ON
10/94 7/95 7/96
* Control Model
* Locking model
* Teston IFO
CcOoC
DRR
DETECTOR 6/05

ACTIVITY

DATE = MILESTON

R&D
ACTIVITY
DATE = MILESTONE

LIGO-G950019-01-D



COSs [ole}
DRR PDR
2/96 7/96
* Eliminate mechanical resonances
* Improved control electronics
* Improved sensor/actuator
* Teston lfo
SUSPENSION SUSPENSION SUSPENSION
START - INSTALL PROTO 40M INSTALL ALL 40M
1/95 10/95 4/96
SuUsS sus
DRR B PDR
5/95 10/85
* Control system
* Scattering * Servo configuration
* FM, AM noise * Performance
MODE CLEANER MODE CLEANER MODE CLEANER
START »1  OFFLINE TEST OPERATION 40M
8/94 4/95 12/95
100 100
DRR PDR
2/96 5/96
PSL PSL
DRR PDR B
2/95 5/95
PSL PROTO PSL PROTO
DETECTOR DEV/TEST 40m TESTS
ACTIVITY 8/95 1/96

DATE = MILESTON

R&D
ACTIVITY

DATE = MILESTONE

cos
FDR
10/96

FABRICATION
AND INTEGRATION

100
FDR
197

PSL
FDR
4/96

PSL PROTO
40m OPERATIONS

LIGO-G950019-01-D



DET

e Seismic

ECTOR OPTIMIZATION

INITIATIVES

Isolation Design Optimization

»>Weight reduction

»>Replacement of viton springs with compound metal springs

« Substitution of frequency-doubled Nd-YAG

laser for A™ laser (intermediate wavelength
coating of optics?)

o Substitution of electrostatic control of
suspended optics for magnetic control

gf?
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DETECTOR STATUS

Implementation Plan approved

PSL & ASC Design Requirements Reviews
completed

SUS Design Requirements Review and PSL
Preliminary Design Review imminent

PSL prototype implementation on schedule

« Major optics subcontracts with industry
initiated:
»»REO (coating)
»>CSIRO, HDOS (polishing)
« Seismic isolation stack optimization initiated

« Detector program continues on a schedule
meeting installation milestones

LIGO-G950019-01-D
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