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1
Scope

This specification presents the requirements for the SNAP Primary Mirror (PM), the main light-gathering element of the Supernova Acceleration Probe (SNAP).  The PM is a  nominally 2m diameter concave mirror whose prescription, reflectivity, figure, and figure stability plus permanently attached mounting hardware meets the performance requirements for the SNAP mission and test program .  This specification details these PM requirements which must be met for the SNAP observatory to meet its scientific objectives. 

2
Applicable Documents

When referenced, the documents mentioned in this section form a part of this specification.  Unless otherwise specified, the exact issue date or revision provided shall apply.  In the event of a conflict, the requirement specified in this document shall take precedence over requirements referenced in other specifications.

2.1
General

Documents listed in this section are specified in sections xxx of this specification.

2.2
Government Documents

2.2.1
Specifications

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


2.2.2
Standards

	Document Number
	Date/Rev.
	Subject (Title)

	FED STD 209E
	9/11/92
	Airborne Particulate Cleanliness Classes in Cleanrooms and Clean Zones

	MIL STD 1246C
	4/11/94
	Product Cleanliness Levels and Contamination Control

	ASTM F 1811-97
	
	Measurement of power spectral density function (PSD)


2.2.3
Other Publications

	Document Number
	Date/Rev.
	Subject (Title)

	None
	 
	 


2.3
Project-level Publications

The following system documents form a part of this specification to the extent referenced herein.  Request for copies of the documents below should be addressed to the SNAP Program office.

2.3.1
SNAP Documents

	Document Number
	Date/Rev
	Subject (Title)
	REF.

	None
	 
	 
	

	 00016-MW02
	2003-08-26 Rev A
	SNAP Observatory Coordinate System Definitions
	


2.3.2
Drawings

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


2.3.3
SNAP Descriptions, Technical Memoranda and Trade Studies

The documents listed below are applied in this document to the extent referenced.

	Document Number
	Date/Rev.
	Subject (Title)

	SPIE 5166 #12
	Aug-2003
	Snap Telescope, M. Lampton

	
	
	


The SNAP science mission is described at snap.lbl.gov.   Controlled documents are released only through ftp://sprite.ssl.berkeley.edu/pub/snap_cm/
3
Definitions

3.0
Nomenclature

3.0.1
Shall

The following word usage is applied in this document:  “shall”—denotes a requirement that is to be verified, “should or may”  -- are used with non-mandatory provisions where formal verification is not required, and “goal” denotes a requirement for the PM system, where formal verification is not required. 

3.0.2
TBD, TBC, TBR

This document refers to engineering terms that have specific meaning, including “TBD”— To Be Determined, which denotes a requirement to be determined by Lawrence Berkeley National Laboratory. If TBD is accompanied by a value in parentheses, this indicates a preliminary number.  “TBC”— To Be Confirmed denotes a preliminary conclusion on the requirement value, which will be confirmed. “TBR”— To Be Resolved indicates a technical issue(s) is unresolved on the requirement value.

3.1
Coordinate Systems

3.1.1
Observatory coordinate system

The SNAP observatory coordinate system is described in 00016-MW02.doc, SNAP Observatory Coordinate System Definitions, H. Heetderks, 8-26-2003.

3.1.2
PM Local Coordinate System (PMLCS) Definition

The PM local coordinate is an X Y Z right-hand triad, and is shown in Figure 3-1, the origin is shown at the ideal optical vertex of the PM.  Note: the origin does not correspond to a physical location or fiducial on the PM.  The Y axis is defined by the right hand rule, and directed into the page.  The local Z coordinate is oriented in the anti-photon direction for light entering the telescope.
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Figure 3-1: Primary Mirror Local Coordinate System (PMLCS)

3.2
Design Practices 

Metric units shall be used by the contractor, and in all correspondences with the customer unless the contractor demonstrates that said practice results in significant inefficiencies.

3.3
Aperture Definitions

3.3.1
Physical Aperture
Physical Aperture (PA) includes the maximum physical diametric aperture of PM front surface, allowing for clear aperture roll off, and non-circularity. The PA is the projection of the plane of the PM onto the XY plane.

3.3.2
Clear Aperture 

Clear Aperture (CA) is defined as the diameter of the PM, projected onto the XY plane, within which all specified optical and coating properties are satisfied fully.

3.3.3
Greatest Lateral Extent (GLE)

Greatest Lateral Extent (GLE): Includes the PM PA, plus any part of the PM front, back or edge, projected on the XY plane.  The GLE also includes tolerance build-up, and is not required to be axisymmetric.

3.4
Conic Constant

The conic constant, as used in this document, follows the convention of Malacara (Optical Shop Testing, 2nd edition, 1992, Appendix 1) and is denoted as K.  In this convention, a paraboloid has K = -1, and an ellipse rotated around its major axis has -1 < K < 0.

3.5
Surface Error

Surface error is defined as the local deviation of the as-produced optical surface from the ideal optical surface as defined in section 4.1.

3.5.1
Low frequency errors

Low spatial frequency figure errors have a spatial wavelength from 0.5m to full aperture (2m).

3.5.2
Medium frequency errors

Medium spatial frequency figure errors have a spatial wavelength from 0.025m to 0.5m.

3.5.3
Peak to Valley (P-V)

Peak to Valley error is defined as the maximum amplitude of the surface error, and shall be specified and reported in nanometers (nm).

3.6
Thermal definitions

3.6.1
Axial

The Axial CTE variations are measured on a sample of glass cut from the edge of a boule.  Axial CTE is measured at a number of locations along a line from the bottom to top (along the Z axis) of the sample.

3.6.2
Radial

Radial CTE variations are top to bottom (Z axis) CTE measurements made at varying radii on the boule.

4
PM Optical Requirements

4.1
Optical Prescription

4.1.1
Vertex radius of curvature

The Vertex radius of curvature shall be  4908.1mm (0.5mm (knowledge within (0.05mm). I 

4.1.2
Conic Constant

The conic constant K shall be -0.98113 (0.00002 (knowledge within (0.00001 TBR [how low is practical on tolerance knowledge?]). 
4.2
Surface definition

4.2.1
Zones

4.2.1.1
The clear aperture (CA), projected on the XY plane, is ≥2025mm (outer diameter) and ≤775mm (inner diameter).

4.2.1.2
The physical aperture shall be ≥2050mm (outer diameter) and ≤750mm (inner diameter), centered on the theoretical vertex.

4.2.1.3
The Greatest Lateral Extent (GLE) shall be 2050 (goal) +5mm, -0mm.

4.2.1.4
The PM shall have a central hole of diameter 500mm, +10mm, -0mm.

4.2.2
Surface Requirements

4.2.2.1
Over the CA, surface error shall be (10nm RMS (50nm P-V) overall.  The breakdown of the surface error shall be specified per definitions in sections 3.5.1 and 3.5.2 as follows:

	Spatial frequency band
	Definition
	Requirement

	Low
	0.5m to full aperture
	11.5nm RMS

	Mid
	0.025m to 0.5m
	5.77nm RMS


Table 4.2-1

The surface error of the mounted mirror, corrected to zero-gravity conditions, shall be measured in a manner which provides a map of surface error with an XY resolution of (25mm.  Prior to signature of contract, vendor and customer shall agree on the allowable error budget requested in Section 4.5. 
4.2.2.2
Over the microroughness regime of ~1(m < ( < 1mm, the residual surface error must be less than 10( RMS.

5.2.1.1 Cosmetic quality:  The polished clear aperture of the PM substrate shall meet or exceed a scratch/dig of 80/50 per MIL-O-13830H.  The “O” indicates the older specification with visual scratch-dig criteria.

4.3
Reference Fiducials

The manufacturer shall design and provide a system of fiducials on the mirror appropriate to aid in post-delivery testing, and in integrating the mirror into a telescope assembly.  The design shall be compatible with standard theodolite or ADM metrology, and establish the spatial position of the mirror relative to the as-built vertex and optical axis.  Final alignment is expected to be performed (to precisions better than the fiducials) via movement of a 5-dof Secondary Mirror assembly (SM), therefore the fiducials may not be required to satisfy the full telescope alignment flow down allocated to the Primary Mirror.  Alignment fiducials will be either registered to the mirror via a kinematic mounting scheme, or integral to the mirror.  Accuracy listed in Table 4-1 shall be met for each Degree-of-Freedom.  If a kinematic mounting scheme is selected by the vendor, an additional registration repeatability requirement will be specified (*).

	Degree of Freedom
	Accuracy
	Repeatability (*)

	ΔX
	±100μm
	±10μm

	ΔY
	±100μm
	±10μm

	ΔZ
	±100μm
	±10μm

	Δθx
	±25μrad
	±3μrad

	Δθy
	±25μrad
	±3μrad

	Δθz
	±250μrad
	±25μrad


Table 4-1: Fiducial mount accuracy

4.4
Metrology

The contractor shall provide a detailed test procedure, including an error allocation among various effects covering the full range of spatial frequencies over the CA.

4.5
Error Budget

The contractor shall provide a comprehensive error budget as part of the PM design, defining both random and uncompensated systematic error contributions.  The error budget is not merely a high level representation of the PM, but rather a detailed multi-level tool that may be used to evaluate and understand design trades and sub-tier requirements.  The error budget shall be confined to parameters that can be verified and show the sub-tier error allocations that demonstrate how the surface figure requirements are met. 

The error budget shall be delivered in Excel spreadsheet form.  Error elements shall include all known relevant random and uncompensated systematic effects, including, but not limited to the following:  

Calibration errors  

Mounting errors  

Test vibration errors  

Test seeing errors  

Sampling errors  

Metrology noise  

Systematic instrument errors  

Mounting repeatability  

Gravity release residual errors (offloader)

Uncertainties in combination of observations  

Registration errors  

Temperature offset, gradient and transient errors  

Material inhomogeneity and anisotropy  

Coating stress (global and print through deformation)  

Contamination  

Aging

5
Mirror Substrate

5.1
Thickness

The mirror substrate shall have an overall thickness (Z direction full span) (250mm TBR.

5.2
Stability

The substrate material must be stable and proven for space optics applications similar to SNAP and shall not experience figure degradation in excess of 2nm rms while exposed to temperatures per Section 7.2.1.
5.3 Coefficient of Thermal Expansion
5.3.1

Absolute CTE

The absolute CTE of all material in the mirror blank components shall be 0 ±30 ppb/°C over a temperature range of 5°C to 35°C.

5.3.2

Volumetric average radial CTE

The volumetric average radial CTE of the substrate shall fall within a total range of 15 ppb/°C at 20°C.

5.3.3

Volumetric average axial CTE

The volumetric average axial CTE of the substrate shall fall within a total range of 15 ppb/°C at 20°C.

5.4
Substrate material inclusion quality

5.4.1
Within the critical zone (a layer extending ( 5mm (0.200in) below the specified surface figure) substrate inclusions shall fall within the following guidelines:

5.4.1.1
Mean inclusion diameter, ≤2mm (0.080in)

5.4.1.2
Inclusions per cubic per 6 cubic cm (1 cubic inch), <6

5.4.1.3
Average number of inclusions per 6 cubic cm (1 cubic inch), <0.2

5.4.2
Non-Critical Zone  (all glass outside the Critical Zone) shall have the following substrate inclusion quality:
5.4.2.1
Mean inclusion diameter, ≤6.3mm (0.250in)

5.4.2.2
Average number of inclusions per 6 cubic cm (1 cubic inch), <0.6

5.4.2.3
Inclusion specification near mount points (TBR)

5.4.3.4
Inclusion specification at frit bond joints (TBR)

5.5
Environments

The substrate material must be compatible with launch and operational loads when mounted on it’s bipods which are attached to a hypothetical ‘rigid’ integrating structure. 

5.6
Lifetime

The substrate, bipod and bonding materials and must be dimensionally stable and sustain all optical figure requirements for at least 4 years of storage in earth ambient conditions, and 10 years on-orbit. 

5.7
Radiation

The substrate , bipod and bonding materials must be dimensionally stable and sustain a total ionizing dose (TID) per levels specified in Section 7.4 without degrading  optical or structural requirements.  Compliance may be demonstrated via coupon testing or similarity to comparable substrates previously exposed to radiation levels greater than those specified in Section 7.4.

5.8
Dynamics

The mirror shall have a first resonant frequency, in the free-free condition, ≥200Hz (300Hz goal).   Mirror and flight bipods shall have a natural frequency >TBD when attached to a rigid interface plate.

5.9
Mass

The substrate shall have a mass <250kg, with a goal of <230kg TBR.

5.10 
Interface pads 

5.10.1
Mount induced distortions are included in the surface figure requirement, and mounts shall be installed during test.  Mount induced distortions encompass strains that arise from assembly operations as well as relative motion between the integrating structure and the mirror due to thermal expansion during operation or residual strains released during environmental excitation. 

5.10.2
The mirror shall be kinematically mounted via a set of 3 bipods, located at vendor-selected support points that isolate the mirror from in-plane and out-of-plane distortions of the integrating structure and maximize the mounted frequency of the mirror  and are compatible with limit loads specified in section 7.3. The design values for radial and out of plane (axial) displacements that need to be accommodated by the bipod (or equivalent) assembles during operation are TBD and TBD mm respectively. 

5.10.2.1.
The mount shall be consistent with optical bench packaging and mounting constraints (see figure 5-1), vendor-selected gravity offloading systems and support during environmental test and launch loads.  One bipod mount shall lie on the projection of the Y axis, and shall be on the +Y side of the XZ plane TBR.
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Figure 5-1: Mirror strongback volume

5.10.2.2
Surface bonding preparation

Rear and edge surfaces of the mirror shall be compatible with acrylic-backed tape, and prepared for adhesion with 3M Scotch-Weld Epoxy Adhesive 2216 and GE RTV566.
5.11
Venting  requirements

A venting scheme shall be included to ensure <0.02atm differential pressure is present during pressurization/depressurization magnitudes and rates defined in sections 7.1.4-7.1.5.  

5.12
Cleanliness levels

The PM shall be compatible with maintaining Class 500 cleanliness requirements.  As such, the bevel, edge and backsheet shall be finished in a manner to minimize contamination issues. 

6
Coating --TBD

[Sections included as placeholders]  

The PM will be coated with protected silver.

6.1
Spectral Characteristics

6.2
Coating Area

6.3
Coating Deposition Method

6.4
Coating Reflectance Uniformity

6.5
Stray Light

6.6
Ionizing Radiation

6.7
Humidity Resistance

6.8
Adhesion

6.9
Mirror Coating Stress

6.10 
Mirror Coating Surface Quality

6.11
Mirror Witness Samples

6.12
Contamination Control

Subsequent to coating, the PM shall be maintained at cleanliness Level 500 as defined in Mil STD 1246. 

6.13
Grounding

7 
Environmental requirements

7.1
PM environments: non-operational/survival

The PM shall be capable of surviving the following conditions without permanent performance degradation.

7.1.1
Survival temperature range: -30°C to +60°C

7.1.2
Thermal transients: dT/dt< 1°C/minute

7.1.3
PM thermal gradients Front to back < 2°C, Radial <1°C 

7.1.4
Pressure: 15 psi to < 10-6 Torr  

7.1.5 
Pressure change: Specified range above over a 2 minute period

7.1.6 
Humidity: 0 to 80% 
7.1.7
Presence of gaseous Helium (GHe), air, or nitrogen

7.2
PM Operational environments

7.2.1
Operational temperature range: 20°C (5°C

7.2.2
PM thermal gradients Front to back < 2°C, Radial <1°C TBR
7.2.3
Pressure: <10-6 Torr

7.2.4
 Ionizing radiation  1Mrad (Si) total dose (TBR) in 4 years  (witness sample includes materials in addition to substrate and coating that were not included in other sections). This specification may be demonstrated by the use of results from the radiation testing of similar material.

7.3
Protoflight structural qualification requirements

7.3.1
Limit Loads

The PM and supporting struts shall be designed to 2.5 TBR times the limit load values listed in Table 7.3-1.

Pass/fail testing shall be done on the bipods and the bipod to the mirror bond at a level of 1.25 times the limit load. The latter test shall use a dummy load (surrogate mirror).  Loads may be applied by a static loads test, a centrifuge test, or a sine burst test. 
	Axis
	Limit load

	X
	8g

	Y
	8g

	Z
	12.5g


Table 7.3-1 PM limit loads

7.3.2
Random Vibration

Random Vibration: The PM assembly (bipods and strongback included) shall be subject to the random vibration qualification levels given listed in Table 7.3-2.  The test duration is one minute (since the PM is protoflight hardware) in each of three orthogonal axes.  The test may be force limited to reduce over-test at hard mounted resonance frequencies.  The upper bound force spectrum below may be used to limit the input acceleration to the test article.  Additional notching of the input acceleration spectrum may be applied if necessary to keep the interface force from exceeding the structural limit load.  The random vibration test will be preceded by a low level random vibration test from which the frequencies to be notched can be determined.  

	Frequency
	Acceleration spectral density

	20Hz
	.01 g2/Hz

	50Hz
	.02 g2/Hz

	800Hz
	.02 g2/Hz

	2000Hz
	.01 g2/Hz


Table 7.3-2 Protoflight random vibration test levels

1g = standard acceleration due to gravity = 9.81 m/s2
Duration: 1 minute in each of three orthogonal axes

8
Verification

Evaluation of the OTA shall be conducted to determine that the performance, design and operability characteristics conform to the requirements of section 3 of this specification. 

8.1
Responsibility for Quality Assurance

To the extent specified in the following Requirements Verification and Special Test and Examinations sections, the hardware item shall be examined to determine conformance with the requirements of this specification with respect to performance, dimensions, materials, workmanship, design interchangeability, finishes, markings, and applicable drawings.  The engineering drawings and related ancillary documents shall be inspected to verify compliance with the specified requirements and specifications.  Verification by inspection shall consist of visual and dimensional checks, normally requiring measurement devices, and/or fit and function checks, usually of a go/no go nature.

8.2
Requirements Verification

The requirements of section 3 will be verified by one or more of six methods:

a.
A - Analysis

b.
D - Demonstration

c.
I - Inspection

d.
R – Report


e.
S – Similarity


f.
T – Test 

Levels of verification include: 

a. S - system (integrated telescope)

b. SS - subsystem (integrating structure

c. C - component (mirror)

Responsibilities for verification:

a. V – Vendor

b. C – Customer

When a verification method is noted in the Requirements Verification Matrix, this method shall be used to verify that the Section 3 requirement has been fully met.  When two or more verification methods are noted against a requirement reference, part of the requirement may be shown compliant with one method and the remainder by the other method or methods noted.  The verification methods are defined in subsection 6.3.  A summary of the verification parameters are defined in Table 4.2-1.

Table 
4.2-1
Requirements Verification Matrix (TBR)

	Para.
	Section title
	ID
	M
	Level
	Resp.
	Remarks

	
	
	
	
	
	
	

	4.1.1
	Vertex radius of curvature
	
	T
	C
	V
	

	4.1.2
	Conic constant
	
	T
	C
	V
	Full aperture

	4.2.1.1
	Clear aperture
	
	I
	C
	V
	

	4.2.1.2
	Physical aperture
	
	T
	S
	V
	

	4.2.1.3
	Greatest lateral extent
	
	I
	C
	V
	

	4.2.1.4
	Central hole
	
	I
	C
	V
	

	4.2.2.1
	Surface figure
	
	T
	C
	V
	Full aperture

	4.2.2.2
	Surface roughness
	
	T
	C
	V
	Subsample

	4.2.2.3
	Cosmetic quality
	
	I
	C
	V
	

	4.3
	Reference fiducials
	
	I
	C
	V
	

	4.4
	Metrology
	
	R
	N/A
	V
	

	4.5
	Error budget
	
	R
	N/A
	V
	

	5.1
	Substrate thickness
	
	I
	C
	V
	

	5.2
	Stability
	
	A,T
	C
	V
	

	5.3.1
	Absolute CTE
	
	T
	C
	V
	

	5.3.2
	Radial CTE
	
	T
	C
	V
	

	5.3.3
	Axial CTE
	
	T
	C
	V
	

	5.4
	Inclusion quality
	
	I
	C
	V
	

	5.5
	Environments
	
	S
	C
	V
	

	5.6
	Lifetime
	
	S
	C
	V
	

	5.7
	Radiation
	
	A,S
	C
	V
	

	5.8
	Dynamics
	
	A,T
	C
	V
	

	5.9
	Mass
	
	A,T
	C
	V
	

	5.10.1
	Mounts and figure test
	
	I
	C
	V
	

	5.10.2
	Kinematic mounts
	
	R
	C
	C
	

	5.10.2.1
	Offloading system
	
	R
	C
	V
	

	5.10.2.2
	Bonding preparation
	
	S
	C
	V
	

	5.11
	Venting requirements
	
	A
	C
	V
	

	5.12
	Cleanliness levels
	
	I
	C
	V
	

	6.1
	Spectral Characteristics
	
	T
	
	V
	Witness sample

	6.2
	Coating area
	
	I
	C
	V
	

	6.3
	Coating deposition method
	
	I
	C
	V
	

	6.4
	Reflectance uniformity
	
	T
	C
	V
	Witness sample

	6.5
	Stray light
	
	I
	C
	V
	

	6.6
	Ionizing radiation
	
	T,S
	
	V
	

	6.7
	Humidity resistance
	
	A
	C
	V
	

	6.8
	Adhesion
	
	T
	C
	V
	Witness sample

	6.9
	Coating stress
	
	T
	C
	V
	

	6.10
	Surface quality
	
	T
	C
	V
	

	6.11
	Witness samples
	
	I
	C
	V
	

	6.12
	Contamination control
	
	I
	C
	V
	

	7.1.1
	Survival temperature range
	
	T
	C
	V
	

	7.1.2
	Thermal transients
	
	A
	C
	V
	

	7.1.3
	Thermal gradients
	
	A
	C
	V
	

	7.1.4
	Pressure
	
	A
	C
	V
	

	7.1.5
	Pressure change
	
	A
	C
	V
	

	7.1.6
	Humidity
	
	A
	C
	V
	

	7.1.7
	Gasses
	
	A
	C
	V
	

	7.2.1
	Operational temperature range
	
	T
	C
	V
	

	7.2.2
	Operational thermal gradients
	
	A
	C
	V
	

	7.2.3
	Operational pressure
	
	A
	C
	V
	

	7.2.4
	Ionizing radiation
	
	S,A
	C
	V
	Finished mirror

	7.3.1
	Limit loads
	
	T
	C
	V
	

	7.3.2
	Random Vibration
	
	T
	C
	V
	Prior to polishing
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