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1.1 SUS/UK – AOS

This is a chapter of the master Advanced LIGO Detector, Interface Control Document (ICD), E030647.

The SUS/UK scope includes the BSC chamber suspensions; the Input Test Mass (ITM), End Test Mass (ETM), Beam Splitter (BS) and Fold Mirror (FM) suspensions. The SUS Work Breakdown Structure (WBS), M030120-00, defines the scope of the SUS efforts and differentiates the US and UK components. In addition, M030162-03 is a detailed statement of the SUS/UK scope.

The AOS system is comprised of six principal systems:

· Thermal Compensation System (TCS),

· Photon Drive (PhDr),

· Stray Light Control (SLC),

· Pickoff Mirror Assembly and Telescope (PO Mirror and TEL),

· Optical Lever System (OptLev), and

· Initial Alignment System (IAS)

The SEI Work Breakdown Structure (WBS), M030120-00, defines the scope of the AOS effort.

This ICD covers the interfaces between the AOS subsystem and the suspensions that reside in the BSC chambers. The ICD is organized into the four major sub-areas of the AOS.

1.1.1 AOS/TCS

1.1.1.1 Physical Interfaces

1.1.1.1.1 Compensation Plate

Requirement: 

The Compensation Plate (CP) shall be mounted to the end of the ITM reaction chain, suspended by wire.

Note: The CP is provided by COC per AOS/TCS design. The dimensions of the CP are given in the SUS/UK – COC ICD.

Explanation/description/references: 

see RODA M040005-01 

Historical Notes: 

The CP was an entirely different suspension. RODA M040005-01 placed the CP at the end of the ITM reaction chain.

1.1.1.1.2 Ring Heater & Thermal Radiation Shield Assemblies & Attachment

Requirement: 

The TCS Ring Heater shall be mounted to the ITM SUS structure at the distance from the Compensation Plate defined in Drawing TBD.

Drawing TBD defines the dimensions, tolerances, and mounting arrangement for the Ring Heater, as well as the location of its center of mass.

The mass of the Ring Heater and attaching hardware is not to exceed 1.5 kg TBC
The mass of the Thermal Radiation Shields and attaching hardware is not to exceed 1.5 kg TBC
Explanation/description/references: 

see RODA M040005-01 

The alternatives if SUS does not "make provision" for mounting these items:

(a) mount a big, massive, low frequency structure to the SEI and make the situation even worse for all inhabitants of the optics table, or

(b) mount a big, massive structure from the support tubes or chamber to hold the Ring Heater in close proximity to the CP (very ugly, and much more expensive) -- and the Thermal Radiation Shield(s) would have to extend into (thread through) the SUS structure.

Given that this is a relatively small added mass, we choose to accommodate the Ring Heater & Thermal Radiation Shield on the Suspenion Structure. Maybe it would be more practical for the AOS subsystem to define the shielding requirements to SUS and let SUS incorporate these into the structure (integral as opposed to applique?) -- may not make much difference in the end.

Historical Notes: 

None

1.1.1.1.3 TCS CO2 Laser Line-Of-Site

Requirement: 

None.

Explanation/description/references: 

The SUS/UK must stay clear of the line-of-sight (LOS) of the TCS CO2 Laser beam, which is directed at either the ITM or the CP (TBD). The defining aperture for the CP is the AOS/SLC Recycling Cavity (RC) elliptical baffle. The defining aperture for the ITM HR face is the AOS/SLC arm cavity baffle. Since the CO2 Laser beam must pass through either of these two apertures, it presents no further LOS constraint than the main beam.

Historical Notes: 

None

1.1.1.1.4 Ring Heater View Factor

Requirement: 

ITM suspension structure and mechanical elements, should minimize obstruction or interference with the radiative transport from the Ring Heater to the Compensation Plate. The maximum allowed decrease in the effective view factor (or configuration factor) is TBD.

Explanation/description/references: 

ITM suspension structure or mechanical elements, which are in the ring heater to CP view factor, will increase the heat load on the suspension structure and degrade the uniformity of the CP response. It is best to minimize these obscurations.

Historical Notes: 

None

1.1.1.2 Electronic/Electrical Interfaces

1.1.1.2.1 Ring Heater Power & Signal Wiring

Requirement: 

The SUS/UK shall make provision for routing and securing the Ring Heater wiring on the SUS structure. It is expected that the Ring Heater will take advantage of unused wire in the D25 OSEM cables provided by SEI to SUS/UK. TBC 

The connector and pinout assignments are indicated in the following table (TBD)

The maximum current is TBD A.

Table 1: AOS/TCS Ring Heater Interface Connector Pinout Assignments

Note: The Ring Heater may employ wiring for temperature sensing as well as for heater power.

	Pin #
	Signal Name
	Description

	TBD
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Explanation/description/references: 

None.

Historical Notes: 

None

1.1.1.3 Environmental

1.1.1.3.1 Thermal

Requirement: 

The maximum permissible thermal power delivered to the ITM Structure by the TCS system (by conduction and radiation combined) shall not exceed TBD W continuously and TBD W peak for periods not exceeding 10 minutes TBC.

The maximum permissible thermal power delivered to the CP by the TCS system shall not exceed TBD W continuously and TBD W peak for periods not exceeding 10 minutes TBC.

The SUS/UK shall provide a minimum thermal conductance of TBD W/C from the mounting location of the Ring Heater through the interface of the ITM suspension with the SEI optics table.

Explanation/description/references: 

The power dumped into the ITM structure and its thermal conductance may have a large effect on the thermal environment (temperatures and gradients) of the suspension. Excessive temperature and thermal gradients within the ITM structure could have an adverse effect on the OSEM's performance and on dimensional stability.

Historical Notes: 

None

1.1.1.4 ICD Verification Matrix

TBD
1.1.2 AOS/PhDr

1.1.2.1 Physical Interfaces

1.1.2.1.1 Line-of-Sight (LOS)

Requirement: 

None

Explanation/description/references: 

The Photon Drive beam will be well within the main Fabry-Perot beam in the vicinity of the ETM suspension, so there are no additional restrictions on line-of-sight obscurations.

Historical Notes: 

None

1.1.3 AOS/SLC

1.1.3.1 Physical Interfaces

1.1.3.1.1 Recycling Cavity Elliptical Baffle

Requirement: 

SUS/UK shall make provision to mount the recycling cavity elliptical baffle, provided by AOS/SLC, on the ITM Structure at the location indicated in Drawing TBD.

The dimensions and mounting arrangement are indicated in the Drawing.

The total mass of the RC elliptical baffle and mounting hardware shall be less than 1.5 kg. The location of the center of mass is indicated in the Drawing.

Explanation/description/references: 

None

Historical Notes: 

None

1.1.3.1.2 Main Beam Obscuration

Requirement: 

The suspension assemblies shall not obscure the main optical beam by placing any component within the cylinder defined by the COC diameter and axis. In the case of the beamsplitter COC, the suspension elements must be clear of beams entering, reflecting and transmitting through the BS at 45 degrees incidence angle (taking into account the beam shift due to refraction, as indicated in the drawing below TBD.

Exceptions are permitted for mechanical limit mechanisms (e.g. "earthquake stops"). For these exceptions, the maximum radial excursion into the cylindrical exclusion zone is a maximum of 0.394 inch (10 mm) TBC, with a maximum total surface area (projected along the optical axis) of TBD inch2 (TBD mm2).

Explanation/description/references: 

This requirement could be taken as a requirement with COC or with SYS as well. However, since the primary responsibility for scattered light control lies with AOS/SLC, this seems the most sensible location for the interface requirement.

Note that, more precisely, the cylindrical exclusion zones should be aligned to the chief optical rays. However in close proximity to the optic, which is the case for the suspension assembly, the distinction is negligible.

Historical Notes: 

None

1.1.3.1.3 Glint/Scatter Reduction from Suspension structures

Requirement: 

1.1.3.1.3.1 SUS Components Outside of the Cylindrical Exclusion Zone

None TBC
1.1.3.1.3.2 SUS Components Within the Cylindrical Exclusion Zone

Components, such as the mechanical limit stops, which may protrude into the main beam cylindrical exclusion zone, shall have polished surfaces with roughness not to exceed TBD. All surface normals shall make an angle greater than 5 degrees TBC with respect to the chief optical ray.

Explanation/description/references: 

AOS/SLC expects to define the recycling cavity (RC) aperture with the elliptical RC baffle and the Fabry-Perot arm cavity aperture with the arm cavity baffles at each end of the FP arms. These baffles obscure the main beam from scattering off the suspension structures. However, mechanical limit stops may protrude directly into the edges of the main beam and may cause excessive scattering if their surfaces are not properly treated.

Historical Notes: 

None

1.1.3.1.4 RC Elliptical Baffle Alignment

Requirement: 

AOS/SLC shall provide an adjustment capability with a range of at least 2 mm TBC radial positioning. 

Explanation/description/references: 

The RC elliptical baffle needs to be positioned to within a 0.5 mm TBC radial distance of the ITM center. The ITM optic may be shifted significantly (~1 mm) relative to suspension structure features. Since the RC elliptical baffle is registered to the ITM suspension structure, there is a need for an alignment and an adjustment capability.

After AOS/IAS surveying to determine the shift of the COC center relative to suspension alignment reference features (see the ICD for SUS/UK and AOS/IAS), the RC elliptical baffle shall be mounted to the ITM suspension structure and adjusted in position in accordance with the survey data. Note that INS has the responsibility of performing the alignment.

Historical Notes: 

None

1.1.3.2 ICD Verification Matrix

TBD
1.1.4 AOS/PO Mirror & TEL

No interface requirements exist between SUS/UK and AOS/POM & TEL.

Explanation/description/references:

The PO Mirror must co-exist with the SUS/UK Suspensiosn on the BSC optics table which is provided by SEI. It is Systems (SYS) responsibility to insure that there are no conflicts with optics table payloads. SYS accomplishes this through management of maximum envelope definition for all payloads, maintenance of a payload mass budget and maintenance of an optical/optomechanical layout.

1.1.5 AOS/OptLev

Requirement:

None.

Explanation/description/references:

The requirement that SUS not obscure the Main Beam will suffice to provide a stay clear region for the optical lever beams.

Historical Notes:

None

1.1.6 AOS/IAS

1.1.6.1 Physical Interfaces

1.1.6.1.1 Alignment Reference Features

Requirement: 

1. Reference features (e.g. marks, lines, or scribed sets of crosshairs that define a position), must exist on the suspension assembly, to be used in conjunction with the COC surface to define the position of the horizontal and vertical planes which pass through the geometric center of the optic and are normal to the high reflectance surface, as depicted in Figure 1 below.

2. These reference features must be readily visible from outside the suspension assembly and in close proximity (close field of view) of the COC, as defined in the Figures below. In particular the reference features must be visible with or without the RC elliptical baffle installed.

3. The reference features must be positioned close to the ideal reference planes (within the limits defined in the Figures below).

4. The feature must define a point (not just a line) and have a line width no smaller than 0.010 inch (0.25 mm).

5. The alignment reference features must be placed above, below, to the right and to the left of the center of the COC on both the AR (anti-reflectance) and HR (high reflectance) sides.

6. For the purpose of establishing the location of the center of the HR face of a COC when viewing the suspension from the side (at 90 degrees from the COC axis), alignment reference features shall be provided above and below the COC for the purpose of establishing the horizontal position of the HR face. A feature on the ear bonded to the COC may serve as a reference for the vertical height of a horizontal plane through the COC central axis (Figure 2).

7. SUS/UK has the responsibility to provide the dimensional offsets of the alignment reference features to the canonical planes (i.e. the horizontal and vertical planes which pass through the geometric center of the optic and are normal to the high reflectance surface). This information is to be provided for each suspension assembly.

Figure 1: Reference Features for Alignment required on all SUS structures: View looking toward optic face
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Figure 2: Reference Features for Alignment required on all SUS structures: View looking toward side-on
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Explanation/description/references: 

AOS/IAS has the capability to precisely measure the location of the reference features relative to the center of the COC using an optical theodolite and laser autocollimator. IAS would typically view the COC and suspension along the optic axis (or close to the optic axis), from either the AR or HR surfaces, or side-on (in a horizontal plane but normal to the optic axis).

Historical Notes: 

None

1.1.6.1.2 Tooling: Prism Mount

Requirement: 

All suspension structures must have a provision to attach the prism mount shown in Drawing TBD The position and orientation of the prism on the suspension is shown in Drawing TBD. Visual and manual access is needed to measure the distance between the face of the COC to a dimensional reference feature of the prism.

Explanation/description/references: 

The prism used in LIGO1 is a Sokkia AP01 40mm offset prism.

Historical Notes: 

None

1.1.6.2 ICD Verification Matrix

TBD
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