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LIGO Summary, Issues, Limitations

e Folded interferometer layout pending
» Integrated FM/ITM is a challenge

e Active thermal compensation system
» Working baseline is CP incorporated into the ITM reaction chain

e Non-wedged ITMs?
» VIRGO's approach, but not (yet) established as OK

e Horizontal Wedges?
» May be possible if a single RC pick-off is sufficient

e Recycling cavity pick-off beams?

» 3ininitial LIGO: ITMx, ITMy, BS

» 2 possible for vertical wedges (ITMx, BS)

» 1 seems possible for horizontal wedges (need to complete the layout)

e Clearances & mass margins are tight!

» Requires close coordination between groups & iteration in layout & subsystem design;
can’t a’ priori define a set of immutable requirements

» Requires coupled structural dynamics analysis of all payloads attached to the SEI
» Requires Systems maintenance of mass property contingency
» Planning to migrate from AutoCad (2D) to SolidWorks (3D) to facilitate
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LIGO

Input Mode Cleaner (IMC)
» IMC FSR =~9 MHz
» Length =~16.6 m = ~HAM1 to HAM3 separation

Power Recycling Cavity (PRC)
» PRCFSR=2xIMC FSR =~18 MHz
» Length = ~8.3 m = ~HAM3 to BSC2 separation
» Asymmetry = 0.2 m wboth ETMy
Signal Recycling Cavity (SRC) .
» =180 MHz
» Length = ~8.4 m = ~HAM4 to BSC2 separation
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Possible Output Mode Cleaner

and Output Mode Matching Telescope
Section (addition of larger diameter tube
and an SEI table in HAMG and HAMI12}



LIGO Active Thermal Compensation

e All ATC actuation on SiO2
Phase Plates

e May derive recycling cavity
pickoff beams from wedged
phase plates (rather than
wedged ITMs)
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Vertical
Wedge Options
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LIGO Recycling Cavities

e Separate Compensation
Plate (CP) Suspensions
» Can move PRM & SRM

closer to BS & ITMs farther - " Layout per T010076-01
from BS to accommodate Requiring SEI L Y-arm CP suspension
tablesto be circular * B et gopecipae  CAN'L L

» Adds cqst, weight and takes @ 195 cm (76.77")
up precious table area

e CP integrated into ITM
reaction chain (current
“working baseline™)

» Better layout; Permits Pickoff
mirrors on ITMy table

» Derive pickoff beam from the
(wedged) CP
» AQOS group reviewing for

Hatched region is the Hatched region is the SUS

technical viability triple stay out zone structure stay-out zone
» Decision in April el [see D030100-00]

ote: Output MC & OMMT not shown
il out, Only one RGC plckal beam
e
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LIGO

Headroom in HAM Chamber
constrains MC, RM placement
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Area available

with specified height
above the optics table
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e Available area dimensions
as a function of table &
suspension heights are
defined in TOO0087-01



e Support Tubes in BSC Constrain

Payloads
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GO HAM1 Input Optics Layout

e UFL maintains/develops
the 10 layout

o MMT?2

» Baselined as initial LIGO LOS
» Diffraction losses too high

» Need PRM size optic, in single ¢

suspensmn

e Tight fit for MMT2 — PRI\/I
beam and MC
Suspensions
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LiIco Shared Aperture —
Corner Station

e FM & ITM for the Folded
Interferometer require a
Integrated structure

e Clearance between
interferometer beams

» Can't further separate folded
& non-folded beams:
— Support tube physical

constraints on Suspension
structure

— HAM headroom constraint on
SRM

UUTRNNA

— Beam clearance for the
backscatter limit from BT
baffles

e Suspension structure width
at the optic height is limited
to 440 mm
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Shared Aperture — End Station

LIGO
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tico Payload Mass Properties for SEI

HAM Payload Summary

Basic Layouts,
plus a few
scenarios

Perturbations in
positions to reflect
possible
relocations

Includes estimate
of all components,
Incl. Cabling

Used to set SEI
payload mass
properties
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Payload
Total Suspend [Non-Susp Moments (kg-m)
IFO Chamber |COC Mass (kg)|Mass (kg)|Mass (kg)[Mx Iy min Mz |max Mz
H1 10 496.3 83.8 412.5 0.0 0.0 72.6 92.1
H3 PEM 3455 72.3 273.2 0.0 0.0 55.0 70.2
Non-Folded |H4 SRM 545.2 56.3 488.9 0.0 0.0 119.1 144.9
HS Detector
HG 00
H7 ie]
H9 PRM T B D
Folded |H10 SEM
H11 Detector
H12 00
"TAX" 545.2 83.8 488.9 0.0 0.0 55.0 144.9
510.0 75.0 435.0kg 55.0 145.0 kg-m
1124.4 165.3 959.0]lbm 4773.8] 12585.4]lbm-in
Requirements

BSC Payload Summary

Pavyload

Layout Total Suspend

Non-Susp

Moments (kg-m)

IFO Chamber |COC # Mass (kg) [Mass (kg)IMass (kg) |[Mx My min Mz |max Mz
B1 ITMy 1 659.0 304.0 355.0 101.9 179.2) -284.6 -178.7
2 755.5 299.2 456.3 166.0 270.6 -409.2 -247.8
B2 B3 1 5259 131.9 393.9 46.9 90.3 -313.9 -195.4
Non-Foldad 2 525.9 131.9 393.9 131.7 70.8) -247.3 -159.5
B3 I Thx 1 4957 258.0 237.7] 26.7 124 5 -143.9 -99.5
2 755.5 2992 456.3 36.8 195.2 -409.2 -247.8
B9 ETMx 1 580.5 285.7 294 .8 249.2 107.1 -180.0 -145.6
B10 ETMy 1 580.5 2857 294 .8 131.0 110.6 -194.9 -120.9
B4 BS TBD
B7 ITMx, FlMx |TBD
Folded |B8 ITMy, Fmy 1 806.4 248.0 458 4] 145.5 169.0 -291.6 -199.5
B5 ETMx TBD
B6 ETMy TBD
"IAX" 806.4 348.0 458 4 249 2 27015 -409.2 -99.5
kg 300.0 350.0 450.0 270.0 270.0 -410.0 -100.0lkg-m
Ibm 1763.7 771.65 992 1| 23435.0] 23435.0| -35586.4] -8679.6]|lbm-in

Requirements




LIGO
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LIGO Coupled SUS-SEI Structural Dynamics

SEI Envelope
Notional
Stiffening

SEI Optics
Table

Quad Structure

LIGO-G040134-00-D Cutaway view of the BSC ETM Chamber



LIGO Summary, Issues, Limitations

Folded interferometer layout pending

Active thermal compensation system
» Working baseline is CP incorporated into the ITM reaction chain

e Non-wedged ITMs?
» VIRGO's approach, but not (yet) established as OK

e Horizontal Wedges?
» May be possible if a single RC pick-off is sufficient

e Recycling cavity pick-off beams?

» 3ininitial LIGO: ITMx, ITMy, BS

» 2 possible for vertical wedges (ITMx, BS)

» 1 seems possible for horizontal wedges (need to complete the layout)

e Clearances & mass margins are tight!

» Requires close coordination between groups & iteration in layout & subsystem design;
can’t @’ priori define a set of immutable requirements

» Requires coupled structural dynamics analysis of all payloads attached to the SEI
» Requires Systems maintenance of mass property contingency
» Planning to migrate from AutoCad (2D) to SolidWorks (3D) to facilitate
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