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Advanced Overview
LIGO UK

LIGO Review Outcome (July 2004):
— Geometric OSEM

— Interferometric OSEM

— Performance Requirements

Development:

— Sensor Development

— Mechanical Development
— Electronics Development

Prototype Fabrication
— Part Procurement
— Mechanical Fabrication

Next Steps:
— Prototype Assembly
— Vacuum Compatibility Testing
— Prototype Testing
— Manufacturing Study
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Advanced OSEM Review Outcome
LIGO UK

o Geometric Hybrid OSEM’s:

» The approach of using hybrid OSEM’S plus eddy-current
damping (ECD) for the quad suspensions is preferred over
interferometric sensor damping.

» This approach includes incorporating potential performance
iImprovements into the hybrid OSEM sensor.

e Interferometric Based OSEM'’s:

» Continue R&D on the interferometric sensor, as a possible
back-up solution in the (unlikely) event that the Hybrid + ECD
solution is later found to be inadequate.

DCC Reference: L040074-00 - OSEM Review Outcome
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Advanced OSEM Review Outcome
LIGO UK

 Required Range Performance:

— 0.35mm (peak-peak) working range [, incorporating:
* 0.20mm OSEM positioning inaccuracy (adjustment resolution)
e 0.15mm to cope with drifts in the suspension (thermal etc.)

— Hybrid OSEM range has been demonstrated to be 0.7mm *

» We aim for no worse than 0.7mm working range

 Required Sensitivity Performance:

— 3x10-%mHz at 1Hz has been demonstrated by the Hybrid OSEM *
> We aim for no worse than 3x10-1°m vHz at 1Hz

* (confirmed by N. Lockerbie [, P. Fritschel and R. Adhikari [3])

DCC References: [1] LIGO-T040110-01-K, [2] LIGO-T040106-01-K, [3] LIGO-T990089-00
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Sensor Development

o Sensor Performance Study (N. Lockerbie):

— 0.6mm (peak-peak) working range

— Sensitivity 1x10-1°mHz at 1Hz
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Apparatus: 2 x 16 mim focal length
plano-convex lenses, as a doublet
(focal length approx. 8 mm).
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Twao 8.3 mm dia. lenses, each with 18 mm focal length,
as a doublet.

PSD noise = -114.04 dBVrms/t-Hz @ 1 Hz

Maximum absolute value of gradient of buffered-
oulput vs flag position = 20,065 kVim

Span = 0.6 mm.

Displacement sensitivity = 9.90e-11 m/t-Hz @ 1 Hz.
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— September 2004: Includes additional emitter lens + mask configuration (as
shown above)

— Current Test Configuration: Includes additional emitter & receiver lens +
mask configuration (to aid commonality of sensor components part design)

UK Advanced LIGO Team
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e Sensor Components:

Sensor Development

— Honeywell Surface-Mount Emitter (SME2470) Replaced with Optek

leaded device (OP232)

TO-46 Package
Hermetically Sealed
Kovar

(n.b. anode-to-case)

— Honeywell Surface-Mount Receiver (SMD2420) Replaced with
Centronics leaded device (BPX65)

UK Advanced LIGO Team
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TO-18 Package
Hermetically Sealed
Steel

(n.b. cathode-to-case)
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Advanced Mechanical Development
LIGO UK

o Sensor Assembly (Duel Lens Approach):

¢ 9.5mm

—

Teflon Retainer

' ¢ 4.7mm OP232
¢ 1.2mm
Pin l ’ MACOR Sleeve

Phosphor Bronze Clip

Emitter Carrier
(+Mask)

5mm I

Receiver Carrier
(Assembly)

\_j ¢ 6.3mm Lens

¢ 19.8mm
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Advanced Mechanical Development
LIGO UK

« Sensor Assembly (Single Lens Approach):

¢ 9.5mm

—

Teflon Retainer

' ¢ 4.7mm OP232
¢ 1.2mm
Pin l ’ MACOR Sleeve

Phosphor Bronze Clip

Emitter Carrier
(+Mask)

5mm I

Receiver Carrier
(Assembly)

(l) 6.3mm Lens
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Advanced Mechanical Development
LIGO UK

: : ~ 60
« OSEM Mechanical Adjustment: il

A
v

¢ 4mm Shaft —___ ‘Q
Adj. Thumbscrew ——» \ Lock Nut
& Shoulder m & Washer
Locking Thumbscrew 2

4 X d4.7/mm
Oversized Holes

~ 10mm (p-p)
X-axis

Allow =~ 1.4mm (p-p)
y & z axis
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Mechanical Development

e Pitch Adjustment Magnet (PAM) Screw

Retro-Fit Implementation:

= ot efa)—
(=P A B

Coil-former Bracket

¢ 11.8mm

3X ¢ 1.8mm
(1200 Separation)

UK Advanced LIGO Team
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Initial LIGO Design: 10mm
separation between magnets

Modified Hybrid OSEM
Design: 35mm separation
between magnets
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Advanced Electronics Development
LIGO UK

e Inter-Connect Development:

PEEK Pin-Plate

Coil wind-off Pin
(x2)

Flexi-‘rigid’ PCB

OP232 Emitter

\ Coil Winding (32QML)
¢ ID = 17mm
¢ OD = 30mm

Micro-D RA PCB 9 Way Male /
(MR7590-9P-1BSN)

BPX65 Receiver
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Advanced Prototype Fabrication
LIGO UK

« Part-Procurement (for UHV testing & prototyping):

— 32QML coil winding wire (MWS Wire Ind. CA)
» Currently utilised for controls prototypes

— Flexi-rigid circuits designed & fabricated (Lyncolec, UK)
» (approx 24 required for vacuum compatibility testing)

— OSEM micro-D connector procurement underway (GlenAir, UK)
* 30 units (approx 24 required for vacuum compatibility testing)

— Pigtail micro-D mating connector procurement underway (GlenAir, UK)
e 30 units (approx 24 required for vacuum compatibility testing)

» |dentification of production issues:
* Inked / Labeled parts (e.g. Connectors & Flexi-rigid)

Aoy A A TR A e i) RO T TR F|€Xi-CirCUit &
RA OSEM Male LCP Insulator Insert STR Pigtail Female connector

. ]
LA
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Advanced Prototype Fabrication
LIGO UK

« Mechanical Fabrication (local contractor):

— Coil-former, Clamp, Bracket, and Adjustment assembly have been recently
fabricated (6061 Aluminium & Titanium parts)

— Sensor assembly has been omitted at this stage

» Gauge performance of ‘alternative’ adjustment method

» Next task is to design and issue the drawings for the single lens sensor
configuration and fabricate the parts (2-3 Weeks)

13
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Next Steps

« OSEM Prototypes (Immediate Tasks):
— Cleaning of fabricated parts
— Some assembly of OSEM parts is required
— lIdentification of any production issues
« Fit at adjustment shoulder interface

* Prototype Device Testing (1-2 Months):
— Noise performance of sensor
— Sensor variability in transfer function
— Vacuum compatibility testing

— Thermal considerations

* Noise-Prototype Production (2-4 Months):
— Update drawings according to Drawing Guideline Doc
— Manufacturing Study (no in-house production)

— Ready for PDR

UK Advanced LIGO Team
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Advanced Interferometric OSEM R&D
LIGO UK

- PD1  Reference Mirror
e Optical Layout:  + === :
L] 3
L
B | E—
Laser H Al H C H a2
L R L
=] > D Target
A1,2 Polarising Beamsplitter < —> T T Mirror
B &/4 Plate L1 L2 L3
C Non-Polarising Beamsplitter 1 |
D w2 Plate A
PD1,2;3 Photodiode -+ -]
P Polariser PD2 pp2  Cats Eye Reflector
L1,2,3 Lens

Redr Fiw

- Dime i mmm
- Lop-plak samited forclaritr
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