REPORT OF SNAP INTERNAL REVIEW 

November 11-13, 2003

INTRODUCTION

This is the report of the review of SNAP conducted at LBNL from Nov. 11-13. The review committee is listed in Appendix A. The charge to the committee, which carefully examined the technical progress in all areas required for a dark energy space mission, is included as Appendix B.

The next sections present the committee findings and recommendations by technical area. We also have a number of general comments.

1. The team of LBNL and SSL provides an excellent group to mount a successful dark energy mission and extract the science.

2. It became apparent to those members of the committee with limited prior exposure to DOE that the influx of LBNL expertise into space research and engineering will be very beneficial to the spaceflight community.

3. With an anticipated date in 2006 for an AO for a Joint Dark Energy Mission (JDEM) as a DOE and NASA partnership, the SNAP team will have to focus on the key activities required for a strong response to the AO. This will require significant funding for the next two years. To not lose momentum the SNAP team will also require continued funding during the year that AO responses are made and evaluated as well as the time the agencies negotiate an implementation plan.

4. A decision that has not been made yet is whether the detection systems and telescope will be managed as one integrated project. The committee strongly supports a single project as the best approach to minimizing systematic errors, which are critical to the eventual scientific measurements. These errors are determined by an intimate mix of the detector performance and the optical, thermal, and mechanical behavior of the telescope.

5. The committee felt that there were no technical issues that would preclude readiness of the mission circa 2010.

COMPUTING / SIMULATION / REQUIREMENTS

GENERAL OBSERVATIONS

1. The ground segment functions are: observation/command scheduling; collection and validation of raw data; calibration of images; analysis (real time SN search, information fed back to scheduler); archiving and distribution. Interaction with the calibration group is required. 

2. A Mission Operations Center (MOC) at LBNL is proposed, where the data will be buffered and archived, before getting transferred to the Science Operations Center. This facility has been used already for RHESSI, EUVE and FAST. There are a few R&D issues:  upgrade for Ka band telemetry, a high speed data link to the Science Operation Center (SOC), and a backup plan for data storage and delivery if the LBNL station is down.  

3. The Science Operations Center will host hardware and software to request observations and process images. All data will be served to the community. This is a major component of the project; other missions have devoted 150-200 FTE-years to SciOps.

4. The total expected data rate is 350 GB per 3 day orbit with excess margin required to cover downtime catchup and reprocessing. The full raw data set will be 200 TB (processed ~20 TB).  The bandwidth, storage and CPU requirements are not unusually challenging with even today's resources, and this is a generally low risk segment of the project.

5. Simulations are required for establishing the error budget and mission parameters (exposure time scales, etc.), and for instrument optimization (fine tuning hardware choices, etc.). The SNAPfast simulation was used for the Lehman review which addressed the major noise sources and systematics and provided baseline design justification.  However now the team is launching into a major retooling effort for simulation and other software.

6. Other software required includes spectroscopic-followup software, and offline systems. The team is currently trying to identify existing pieces of software to adapt for SNAP purposes (including existing HST software), and are initiating the high risk pieces early.  The data archive will be done by NASA.

7. The software architecture was defined in Sept 03 and the design document is nearly complete; coding is underway. A code architect has been added to the team, which includes five 100% FTEs and 4.5-5 others ranging from 25-50%. The team has plans for unit tests and nightly builds.  They are developing an integrated development environment.

8. The plans for large scale testing and "mock data challenges" are not yet fleshed out. The “Nearby SuperNova Factory” or other telescope data may serve as a software testbed.

FINDINGS ON SOFTWARE

1.  
The software team appears to be of high quality with good morale. We approve that a code architect has been brought on board at this stage. We thank them for clear presentations and open discussions.

2.  
SNAPfast plus standalone pixel-level simulations are adequate to support a response to the AO.

3.  
The team is on the way to building an excellent framework on which to layer SNAPsim. This is to be commended and pursued. The build system will be a key component of the software quality assurance program, and the early start will be very worthwhile.

4.  
The team is commended for beating the bushes for good applicable code packages to re-use from other missions.

5.  
We need to see detailed plans for supporting the mission science document for response to the AO and ZDR while retooling.

6.  
The possibility of selecting the L2 orbit may make it more favorable to use a different ground system. This may have implications on the data handling system.

7.  
Users have yet to give input on the new software system interface. 

8.  
It is possible for SNAP instrument configurations to be changed while not alerting everyone whose designs might be affected.

9.  
Software that is deemed mission critical is likely to undergo much more detailed scrutiny than otherwise. Management should have an understanding with NASA whether any of the ground science software falls under this category.

RECOMMENDATIONS

1.  
Add a “Hubble”-experienced software reviewer for next time.

2.  
Give the software group guidance for what they need to deliver for the response to the AO.

3.  
Evaluate the manpower requirements for supporting the AO proposal simultaneously with building the SNAPsim framework.

4.  
Identify the possibilities for different modes of receiving the satellite data and understand the merits of each.

5.  
Understand the likely launch date and scope manpower needs accordingly; early launch implies a faster ramp.

6.  
Develop a plan for getting user input on the tools and get in-use feedback from them.

7.  
Encourage System Engineering to maintain a configuration controlled SNAP specification and alert affected parties when changes are made. Determine who the affected parties are.

8.  
Identify those software areas that might be deemed mission critical and isolate them from the rest.

SENSOR R and D

FINDINGS
1.  
With the recent re-direction to JDEM, it is very important to re-focus and heavily emphasize work on advancing key technologies.  Detectors and electronics are likely the highest risk area in the mission concept. The visible arrays, and especially the near-IR arrays, are not in the bag.

2.  
LBNL’s CRIC and A/D efforts are ‘top rate’, and very well conceived and executed.  The effort indicates lots of expertise, and understanding of requirements.  When fully proven, these elements should be very valuable to the project (and to others).

3.  
The project is aware of the field, including likely suppliers of detectors.  The team knows other astronomical groups, is in contact with them, and is able to gain useful experience from the broader community.

4.  
This is a very ambitious focal plane concept, involving unprecedented pixel counts for a space mission.  Some promising initial thinking has been done regarding the very large numbers of devices which need to be screened, characterized and selected.  The present plan to demonstrate performance and producibility is good; however, once performance is established, the project should rapidly develop and demonstrate high-volume test plans and capabilities.

5.  
The approach of using multiple external test labs is good.  A clearly articulated plan for this work is needed, however, along with better coordination and definition of roles and emphases.

6.  
The external detector test labs, while still gearing up, are making good progress.  Bare multiplexer data (validating test systems) have been obtained, but additional work is needed to assure good radiometric (i.e., dark current) data are achievable.

RECOMMENDATIONS

General:

1. SNAP should make sure, for both the CCD and NIR imagers, that they carry a dual-source philosophy through to the proposal. This may have cost implications in the next 1-2 years. There will typically be no “downselect” prior to Phase B of the actual mission, although risks will be minimized if it is likely that both vendors can provide all of the detectors.

2. Focused visible and NIR detector development cycles, guided by definitive test data, are needed – to establish recipes and demonstrate repeatability.

3. For both visible and NIR, experience on astronomical spacecraft shows that cabling and connector problems can be severe.  The project seems to appreciate this concern, but should remain aware of the challenges if you need to fly ~1000 wires to the focal plane.  A combination of ongoing design trade studies, development of redundancy strategies, and possibly hardware demonstrations in this area could be useful.

4. For both visible and NIR arrays, to the greatest practical extent, they should be developed for maximum interchangeability (alignment, access, commonality of spares, etc.)

5. The project should “use all available resources” to bring the CRIC and ADC work to a positive conclusion soon.  This is very promising and good work. 

6. The team might also look into developing an integrated electronics module to supply array drivers.  This could be a backup, for both the visible and the NIR, relative to the SIDECAR option.

7. Electrostatic discharge (ESD) events can be very costly.  An ESD control, and device handling plan, should be developed, both for lab work and ultimate system development. 

8. Since photon backgrounds (spectral resolution) for photometer and spectograph are so much different, we recommend clarifying that different detector specs / goals apply (e.g., for dark current).  A plan (statement of criteria) for detector selection for the two instruments is needed.

9. The guide-mode capability of the H2RG should (continue to) be considered, relative to system guidance and control needs. 

10. Suggestion: try to learn from experience with the WIFCam instrument (developed by ATC, Edinburgh) re crosstalk – this instrument includes close-mounted CCDs and H2RGs

Visible:

1.  
The project should push ahead with LBNL’s CCD Industrial Model.  [ITAR considerations may be significant, and should be anticipated.]  It makes good sense for the mission.  The aim should be to fully demonstrate and de-bug this model (within 1 year?).  If additional funds are needed (e.g., to purchase an etcher), identify them and use the new capabilities ASAP.  

2.  
The project should also be truly open (and receptive) to CCD solutions from other sources (e.g., E2V?  They may be working on fully-depleted devices now. This may provide a desired second source required for risk reduction).  

3.  
We also support the investigation of Si p-i-n array technology, at a modest level.

4.  
The concept for implementing multiple filters per CCD array should be clarified.  Possible optical effects at the junctions between adjacent filter regions should be studied.

NIR:

1. 1.7 µm cutoff HgCdTe technology from Rockwell (WFC3) is clearly not yet established for the mission.  For example, WFC3 (1.7 um HgCdTe) technology now shows about 25 e- noise (CDS), while the Hawaii-2RG array (2.5 um HgCdTe) shows about 17 e- noise (CDS). The team needs to actively work with the supplier(s), and, armed with good test data, to carefully direct and focus work to improve the technology.  Vendors need to settle on a proven and stable recipe, and to demonstrate repeatability. 

2. To possibly reduce development risk, and to enhance science, the project should consider funding vendors to extend HgCdTe cutoff wavelength slightly, to ~1.9 µm.  This could require lower temperatures (10-20 K lower ?), but might provide a number of important benefits.  It could improve the detector lattice match to the CdZnTe substrate, and also move to a more favorable HgCdTe alloy composition.  A move to slightly longer wavelengths, and lower temperatures, would play into the orbit trade: L2 would be better.

3. The emphasis of the development program should strongly focus on HgCdTe.  While InGaAs seems worth exploring on a low level, this technology is viewed as a remote possibility, with a long way to go.  Funding should be concentrated on HgCdTe.

4. The budget allocation for visible detector development, relative to the NIR work, should be balanced (in the FY 04 and 05 Funding Plan).  Both are very critical, and both need attention.

5. The project should carefully review the NIR packaging concept.  Direct heritage may not be available, since the anticipated aerospace packaging design for 2 k x 2 k arrays on JWST will only be 3-side close buttable.  This constraint would ripple through the entire SNAP focal plane layout.

6. The performance of the 16 bit ADC’s of the SIDECAR ASIC is not yet proven.  At present the 100KHz ADC’s of the SIDECAR ASIC cannot be tested because of an error in the mask set.  Since SNAP will use all 32 channels of the Hawaii-2RG, the detector labs are encouraged to evaluate the noise performance with the SIDECAR ADC’s asap and compare it with the performance achieved with conventional, warm off-chip ADC’s.  Further, they should investigate whether a backup solution without ASIC’s is feasible.  If not, high performance of the ADC’s in the SIDECAR ASIC becomes mission critical.

7. Focal plane testing needs to establish the temperature stability required to satisfy sensitivity goals.  This is very important, and has system implications.  One needs to consider the interactions of clocking, readout and sampling strategy, profile of power dissipation, etc.

8. Similarly the optimum technique for multiple sampling should be studied and established. This will support development of plans / protocols for the test program, definition of on-board memory requirements, and provide guidance to other subsystems.  N.B., up-the-ramp sampling may have advantages in retrieving partial data from frames corrupted by cosmic ray hits.  Also note that multiple sampling, in practice, doesn’t reduce noise more than ~3x; the project shouldn’t assume 1/n1/2 benefits forever.

9. The mission should go with common electronics in the NIR – both spectrograph and photometer arrays should use common electronics.  [This may involve ITAR considerations.]  If the SIDECAR or similar chip is selected, it should be used throughout the system.

10. The notion of running Raytheon arrays with the Rockwell SIDECAR chip needs to be re-examined – an engineering & management team from JWST concluded this wasn’t feasible.

SPACE SYSTEMS 

BRIEF DESCRIPTION OF AREA

The space system for the purpose of this review is considered to be the spacecraft element other than the scientific payload (with telescope) and the associated observatory effort following integration of the spacecraft and payload.  Also treated as part of the space system is: a) the launch segment and b) mission segments associated with the observatory pre-launch processing and post-launch operations to achieve observatory checkout, the science orbit, and on-orbit commissioning.

In light of the recent JDEM programmatic initiative changes, it was found more beneficial to review SNAP from a proposal perspective, rather than to perform a detailed review of the old baseline point design. 

FINDINGS

1. The overall design concept of SNAP as presented is technically sound and well developed for the very early phase of the program.  The team should be commended for an excellent system approach and associated point-design for the space hardware elements.

2. The spacecraft design effort is sufficiently mature for the current state of the program.  Additional spacecraft design activities are likely to have limited value with regard to the JDEM proposal initiative.

3. The current system design lacks credible descope options as part of the risk mitigation plan.

4. The observatory design baselines a Delta IV.  Competing missions may have a competitive advantage relative to SNAP unless the AO is consistent with the use of a large ELV.

5. Numerous mission issues including cover deployment, end-of-life disposal, thermal effects and Earth disk stray light are more favorably addressed by a Sun-Earth L2 Libration Point (L2) halo orbit.  The JDEM NASA-based mission management approach also removes the advantage of the current High Earth Orbit (HEO) baseline where perigee occurs over the UC Berkeley ground station location.    

6. Significant design decisions appear to have been made based on assumed thermal behavior, rather than on analysis, and that could represent a real threat to the integrity of the SNAP design.  Evidence in support of the claimed operational temperatures is currently based on a “seven node” thermal model.  Such a simple thermal model is not commensurate with the relatively evolved state of the design of the Observatory in other areas.

7. A telescope cover that consists of two doors is inherently more risky than opening a single door. 

8. There is no plan to embed ancillary spacecraft data so as to make the science data stand alone.  This approach adds risk given the separate data paths for spacecraft telemetry and science data.  With the high science data volume of the mission, even a substantial ancillary data set would represent only a minor overhead increase that will be very beneficial for supporting quick turn ground operations.

9. There are no current NASA deorbit/orbital debris guidelines directly applicable to either the HEO or L2 SNAP orbit options.  Therefore there is no de-orbiting requirement on SNAP or requirement for control of orbital debris.  However, there may be a requirement for a captured cover rather than ejected cover for the HEO orbit.

10. The Guider CCD precision pointing approach should work but has a current disadvantage where the devices are blocked when the focal plane shutter is activated.  This forces use of inertial guidance control each time the shutter is activated.  In turn, this requires continuous gyroscope operation for the duration of the mission. 

11. The dither approach is important to meeting the mission science objectives but was not clearly defined. This area will be perceived as a risk unless clearly defined. 

12. The solar panel design approach requires attachment to the instrument structure rather than the spacecraft structure.  The structure design approach must account for the maximum array mass and the potential for distortion due to the rigid attachment.  

13. The JDEM proposal approach offers no advantage to building a custom SSR since there will be a large perceived risk. 

14. The mission design was not presented in detail.  Therefore, the duty cycle for hardware from a power and thermal perspective was unclear.

15. EMI / EMC self-compatibility has not been fully considered as part of the design.  Given the large number of signal wires and heater wires and the requirement for low-noise data acquisition, more attention should be paid in this area with respect to design margins and test methods.  Approaches to data and heater synchronization should also be considered as part of the design.

16. The thermal approach requires up to 300 heaters with associated wires.  Aside from the noise and transient concerns under item 12, there is an outgassing contamination risk and the potential for stray light scattering.

17. Direct heater attachment to the mirror is risky and should be avoided. 

18. A cold gas system has a number of advantages with respect to slosh and contamination that are worthy of investigation.

RECOMMENDATIONS

1.  
Baseline an L2 Halo Orbit option for the SNAP point design and make system design and associated requirements consistent with this approach.

2.  
Increase fidelity of thermal model to assure that temperature effects on optical properties and detector performance are adequately factored into the end-to-end error budgets.

3.  
Consider a one door a telescope cover design where the cover is jettisoned.

4.  
Modify science telemetry approach to embed a sensible and meaningful portion of the spacecraft housekeeping telemetry information as ancillary data into each science frame.

5.  
Investigate option for an extra CCD guidance chip outside of the FPA Chamber to be used when the shutter is closed.

6.  
Clarify observing strategy and associated dither requirements.

7.  
Baseline procurement of a COTS SSR.  Size unit to assure that a missed pass and/or the worst-case safe hold condition can be satisfied without loss of data.

8.  
Use radiative heater plate to control temperature of telescope primary mirror in place of multiple heaters attached to back side of mirror.  

9.  
Perform trade between cold gas and hydrazine system for operational phase as potential approach for avoiding slosh and contamination concerns.

10.  Establish detailed contamination budget and solid approach for monitoring that will be consistent through observatory integration.  Flow worst-case contamination based on budget and plan into system level performance specification.

TELESCOPE

FINDINGS

Meets requirements:  “Textbook” response to flow down from science requirements.  Aperture, field of view, spectral coverage, optical performance, and distortion are selected to meet requirements, while recognizing constraints.

Design assessment:  The design is excellent, and the design path is appropriate.  The telescope is exceptionally well controlled.  Significant trades have been made and design optimized.  Industry and NASA centers have been consulted extensively.

Risk/feasibility assessment:  This is a feasible approach.  Risks are recognized and plans to retire risk are in place.  Technical and programmatic risk is very low.  If implementation follows the pattern SNAP has established, telescope will be successful.

RECOMMENDATIONS

1. Telescope integration and test:  The design is sufficiently lightweight that gravitational issues complicate test, and is sufficiently large that environmental tests take special care.  Test philosophy and rationale may need further development.  

a) We were unable to fully comprehend the IandT flow as presented.  

b) We would like to see more on how SNAP intends to validate that each component of the error budget is satisfied.  Can each item be measured?  

c) Sub-aperture autocollimation testing, with stitching, may be a viable method to test the entire optical path.

2. Optomechanical Stability:  The stability component of the error budget would benefit by being expanded.  Both dynamic and quasi-static instabilities should be considered.  Components might factor effects like:

a) Dynamic vibration loading, and response to impulses

b) Thermal change correlated to boundary condition change

c) Thermal change uncorrelated to boundary condition change

d) Aging of thermal control surfaces

e) Launch settling on primary mirror mount, and optical alignment

f) Hygroscopic release of composites

g) Microcreep of composites

h) CTE response

i) Allocation for unknowns  

3. Error budgets should define sensitivity to science metrics to perturbations.  Both photometry and spectroscopy may be better defined by encircled energy than Strehl or wavefront error.  Perturbations usually include 6 DOF misalignments, and figure error changes. Wetherall’s chapter in Optical Science and Engineering VIII (Shannon and Wyant editors, ~1980) may be useful in considering these errors.  A PSD may be used to define the mid-spatial optical figure errors, and control the outer part of the PSF.  Simulations of the SNe in various degrees of field clutter may help define the required encircled energy.

4. Primary mirror post launch errors:  

a) The primary mirror may be expected to have a small change in the radius of curvature and become somewhat astigmatic after launch.  While the radius of curvature may be compensated for with a focus adjustment at the M2 hexapod, any astigmatism will not be corrected.  A budget for astigmatism error should be established.  

b) Also, a compensated optical system will not perform identically to the nominal design of the optical system.

c) The backup mirror material, Zerodur, may have dimensional changes under ionizing radiation, and is usually not used for other than LEO.

5. Blue wavelengths should not drive requirements:  A relaxation of requirements at the blue end of the spectrum may have negligible impact on the science, but significant impact on difficulty of meeting scatter driven contamination and microfinish requirements, and on to octave coating optimization.  

6. Coating selection:  Silver has an attractive reflectance curve, but has been plagued with tarnishing issues.  Care should be taken that the coating have an impervious undercoat and overcoat.  Enhanced silver coatings may manifest higher degrees of coating stress, which may be sufficient to warp the mirror.  Also, polarization artifacts may be larger, although instrument polarization is probably a small component in the error budget.  Denton vacuum, who produces FSS-99, may not have the capacity to do the SNAP mirror.  We expect that a qualification effort, including accelerated aging, would be needed for most, but not all, sources of Ag coating.  Kodak silver should be considered.

7. Veiling Glare:  What is the photometric and spectroscopic SNR flow downs to veiling glare requirements.  Typically, five stray light components are considered

a) Contamination on surfaces

i) Molecular

ii) Particular

b) Mirror microroughness

c) Cloudiness in thin film coatings

d) Scatter and Fresnel reflection from windows and filters

e) Baffle efficiency, including narcissistic effects

8. Thermal control:  Thermal control is not defined to the same extent as the rest of the telescope, yet the concept appears to be complex, and involves hundreds of servoed heaters.  We look forward to the planned refinement of thermal architecture, and believe that over control is not the way to greatest stability.  

a) In the case of the primary mirror, heaters may be better placed on a radiator cavity than directly to the back and sides of the mirror.  Furthermore, it is not desirable to have PSA directly on the mirror.

b) The thermal loading timeline in operation, both for external and internal sources, would help understand the thermal issues.

9. Hexapod:  We especially liked the inclusion of a hexapod at M2 giving redundant control over 5 degrees of freedom.  With the fast primary mirror, SNAP will be highly sensitive to errors of tilt, despace and decenter between M1 and M2.  Some concerns are:

a) The hexapod actuation must be protected against all failure modes, or use of its corrective features will be restricted in flight practice.

b) How would prescription corrections be predicted (Burrows, Redding, Lyons, etc), and what sort of errors would be in the predictions?

c) How accurately would corrections be applied?

d) Once compensations are applied, there will be a small but perhaps significant change in the error characteristics of the compensated optical design from the nominal design.  Are these changes recognized in the error budgets for encircled energy and for distortion? 

e) Can the desired corrections be achieved with a flexured hexapod?  Have you considered alternatives to the rather massive Moog unit?

10. The telescope design is highly corrected against field distortion.  How does very low distortion flow down from the science requirements?  Have the asymmetric distortion terms resulting from manufacturing and alignment and environment errors been toleranced?

11. Barrel mounting of solar collectors on telescope:  This introduces concerns about

a) Thermal loads on M1:M2 metering, the most sensitive path in the telescope

b) Discontinuous dimensional changes of the collectors (injecting “snap” [sic], crackle and pop without attenuation)

c) Would not articulated solar panels have less thermal and mechanical influence on the M1:M2 metering?

12. BITE Test:  While this may offer elegance, we would like to better understand how its diagnostic maps with the changes that affect system performance?  

a) How do measured BITE changes correlate with the most probable instability errors (M1 ROC, M1 astigmatism, M1:M2 despace)?  

b) How are the rear view mirrors mounted, and what additional requirements are placed on the tripod?  

c) Do these introduce new stray light paths?

13. Vibration testing, required strength and stability margins: Vibration testing is risky.  Yet, if omitted, margin requirements will grow.  We like SNAP’s consideration of static proof loads, and possibly portable stinger dynamic test to validate the structural models.  Acoustic tests may address workmanship issues.

14. Surrogate focal plane:  If the telescope is to be fully tested only with the surrogate focal plane, the detail of transfer errors and kinematic attachment should be carefully defined.  

15. Cold focal plane and warm telescope:  We heard that the focal plane is sensitive to small soak temperature changes.  Although sensing non-thermal radiation, will the temperature field and emissivity field of the telescope optics and baffles affect the focal plane performance?

16. Cover:  LBNL may want to revisit the double cover, especially at L2

17. Descope candidates…This not defined for the telescope.  There are no obvious candidates, yet such is interpreted as a signature of robustness in proposal review.

18. Telescope lapse time:  It would be prudent to allow a 5-year development cycle for the telescope.

19. A comprehensive stray light evaluation within the focal plane is prudent now, especially if bonded filters are used.

INSTRUMENTATION and CALIBRATION

FINDINGS
1. The level of maturity in the definition and treatment of the important technical challenges is high.  There is a wealth of experience being tapped at a variety of institutions that assist in these efforts.

2. Calibration issues are being addressed with rigor and competing and complementary schemes are being evaluated in a satisfactory fashion.  The conclusion that it may be necessary to buy and operate a dedicated photometric ground-based telescope in two hemispheres to complete a survey of the fields will prove to be provocative, however.

3. The spectrograph design is impressive but necessitates a large number of reflections in order to implement image slicing.  There are issues of degradation of efficiency over mission lifetime due to contamination of these many cold optical surfaces.

4. The deposition of filters on the visible and especially the NIR imagers is a risk factor on top of an already risky procurement.  There are serious technical issues with both infant mortality and slower degradation of scarce imagers and the difficulty of qualifying long-term stability in a space environment that may not be sorted out in the near term.

RECOMMENDATIONS
1. All avenues to produce the necessary calibration photometry by buying time on existing telescopes in the north and south and installing the requisite optical/NIR imaging photometer need to be fully explored.

2. By the time of the AO, a model for the spectrograph efficiency over all wavelengths and its degradation characteristics over mission lifetime needs to be in hand.

3. The baseline design for the focal plane filters should be a conventional placement of individual elements in front of the imagers, probably non-contacting.  Refinements to this to include direct deposition should be clearly stated to be under development but not crucial to accomplishing the major mission goals.

MANAGEMENT

BRIEF DESCRIPTION OF AREA

Management is the planning, organizing, directing, and controlling performed to meet the technical, cost, and schedule requirements and constraints associated with the SNAP scientific investigation.  The management organization, systems, and processes will change or evolve as the investigation proceeds through the various lifecycle phases leading to completion.  Management considerations are now dominated by the advent of the JDEM collaboration between NASA and DOE.  This discussion will focus on the near-term phases – R & D, proposal preparation, and, instrument final definition after (assumed) selection.  

FINDINGS 

1. The SNAP management and systems engineering team is a particularly strong amalgamation of two nationally recognized organizations.  LBNL has extensive experience in delivering large-scale, complex, scientific instrumentation.  UCB/SSL has an excellent track record in spaceflight hardware and mission development.  It is particularly effective that the team is collocated.

2. There is a good detector technology development strategy and R & D plan as long as adequate funding is available to execute the plan.  The funding plan presented was $8M in FY04 and $16M in FY05.  This critical R & D phase budget is marginally adequate to assure proper mitigation of key technology risks.  

3. Risk management is understood and an initial risk list is in place that guided the R & D prioritization.  A formal risk management plan is scheduled for December 2004.  However, the risk list has not been updated for more than two years.  

4. Requirements capture and management tools are in place.  Initial requirements are defined, but the flowdown between the Level 1 science requirements and the mission element and subsystem requirements are not clear in all cases.  Particularly the Level 2 mission requirements are not as quantitative as they should be.  Simulation efforts are underway which will allow the fine-tuning of instrument requirements.

5. The management related recommendations from the Lehman review have been addressed.

6. A configuration management process and tool is in place that is appropriate to the R & D effort.

7. It is apparent that the project leaders understand the appropriate and necessary system engineering functions.  The development of a formal systems engineering plan is scheduled by February 2004.

8. A business management team is in place as part of the R & D project office.

9. The R & D schedule is defined, under central control, and is being tracked by the PM team. LBNL has a cost and manpower accounting system that is linked to the SNAP R & D WBS and allows resource tracking.  An earned value reporting system will be implemented in the near future.

10. To date there has been very close integration between the optics (telescope) and the instrument focal plane.  This is crucial to control of systematic science measurement errors, reduces project risk, and should be maintained.   We have read the joint NASA/DOE JDEM strawman plan that would allow the optics to be developed separately.  We believe the JDEM plan should be revised to include the telescope as an integral part of the instrument.

11. The WBS is appropriate and the WBS definition tool used will allow easy expansion of the WBS as necessary for instrument definition and development.  A WBS dictionary will be needed to insure no gaps in the instrument development planning.

12. The software development process appears appropriate for both R & D and investigation formulation/implementation. 

RECOMMENDATIONS

1. The R & D budget should be maintained at the level currently planned in order to assure that a minimum technology risk proposal to the JDEM AO can be formulated.  Adequate funding of the detector technology R & D is critical, particularly for the near infrared detectors.  Additional resources will be needed in FY05 and FY06 to develop a credible proposal to the JDEM AO and drive the vigorous R & D effort to a beneficial conclusion.

2. While it is likely the project has captured the majority of the key risk items, it would be advisable for the project to update their risk identification, assessment and mitigation plans and use this to update their budget priorities and allocations.  This will also help assure any emerging risks are identified and mitigated.

3. Clearly flow Level 1 science requirements through the Level 2 mission requirements to the instrument, spacecraft, and ground system requirements.  Quantify the requirements at all levels.

4. A more rigorous configuration management system should be defined for the SNAP proposal and instituted during Phase A that assures all affected parties are able to influence a proposed configuration change.

5. Utilize milestone based earned value metrics for the R & D phase.  By carefully choosing at least 2 to 3 milestones per year per major subsystem and associating budgets with these milestones, management will have an important cost/schedule control tool allowing them to make the most effective use of limited resources.  Having such metrics, at the minimum, will help demonstrate minimum programmatic risk for the JDEM proposal.

6. Regarding the SNAP involvement with the JDEM project:

a) Be prepared for lots of customer (NASA project) interaction.  Welcome it and use it.

b) Establish the requirements, architecture, and interfaces assuming a vendor-supplied spacecraft.

c) The OCU should be renamed as the Instrument Control Unit.

d) A plan for complying with ITAR requirements should be determined, especially if US detectors are going to be supplied to the French spectrograph.

e) The greatest perceived management risk will be LBNL inexperience with spaceflight systems and scope of this instrument being well outside UCB’s prior experience base.  It will be important to address this concern directly and show why it is not a high risk.  Particularly, consider hiring additional systems and electronics engineers with spaceflight experience and continue utilizing people with spaceflight experience on SNAP internal reviews.

APPENDIX A

Review Committee and areas of prime responsibility:

Chair – Abe Seiden

SC1 --  Science Driven Requirements


* Kate Scholberg  schol@mit.edu MIT

Abe Seiden  abs@scipp.ucsc.edu UCSC

SC2 -- Computing & Simulation


* Richard Dubois richard@slac.stanford.edu SLAC 


Bill Thigpen  bthigpen@mail.arc.nasa.gov Ames 

SC3 -- Space Systems


* Steven Battel  bateng@earthlink.net Battel Engineering


Gabe Karpati  gabriel.karpati@gsfc.nasa.gov GSFC  

SC4 -- Telescope


* Brett Deblonk brett.deblonk@kirtland.af.mil USAF 


Anthony Hull   anthony.b.hull@jpl.nasa.gov JPL  

SC5 -- Sensors


* Craig McCreight  cmccreight@mail.arc.nasa.gov  Ames  


Gert Finger gfinger@eso.org  ESO

SC6 -- Instrumentation


* Jim Green  jgreen@origins.colorado.edu    Colorado


John Geary  geary@cfa.harvard.edu Harvard   

SC7 -- Management


* Jim Barrowman  jbarrowman@comcast.net retired GSFC


William Edwards  wredwards@lbl.gov LBNL  

APPENDIX B

Review Charge for November, 2003 internal technical review of SNAP

The SNAP R&D program was initiated in FY03 under guidance from the Scientific Assessment Group for Experiments in Non-Accelerator Physics (SAGENAP) panel and as a result of endorsement by the HEPAP 2001 roadmap subpanel for funding of the R&D phase of the program.  The National Academy of Sciences’ Committee on the Physics of the Universe, chaired by Professor Michael Turner, has recently called for a “wide-field telescope in space to determine the expansion history of the universe and fully probe the nature of the dark energy”.  The NASA/Structure and Evolution of the Universe roadmap committee is now on record endorsing similar science goals.  The SNAP R&D program was extensively review in July 2002 by a DOE-CMSD Lehman review.  This agency review considered the relevance of the scientific objectives of SNAP, the proposed instrumentation, and management/cost/schedule.  Upon this successful review DOE commences full funding of the R&D program in FY04.  NASA and DOE have just announced their establishment of a joint project, the Joint Dark Energy Mission, that SNAP would be able to compete for.

The subject of this Review is the SNAP R&D technical and risk mitigation program and its preparations to start the conceptual design phase in the future.  The review Committee is asked to carry out an integrated examination of each subsystem, with particular attention to the technical plans and progress overall, and the cost, schedule and management planning of the R&D program.  In addition, the Committee is asked to advise on moving the project to meeting the needs of a joint NASA-DOE mission as well as maximizing the competitiveness of the current program. 

As part of a general assessment of the R&D program, and the identification of potential issues, the committee should address the following specific items:

· Are the R&D activities in the key risk areas of visible detectors, IR detectors, and telescope appropriate?  Are there any significant risks that are not being adequately addressed?

· Does the simulation effort support the development of a consistent set of science requirements by the submission of the Mission Concept Report and ZDR (0th design report), in one year?

· In reviewing the R&D status, are we making adequate technical and schedule progress?

· Are all needed management systems in place for the R&D program and its future evolution?

· Will the planned activities support the eventual proposal process and determination of costs?
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