DRAFT ISAL Pre-Work Form

Scientist and the team

Principle Investigator(s):  

Michael Levi, LBNL, (510)486-7186, melevi@lbl.gov
Saul Perlmutter, BNL, (510)486-5203, s_perlmutter@lbl.gov
Team Members

Michael Lampton, Optics Lead, SSL, (510)642-3576, mlampton@ssl.berkeley.edu
David Pankow, Mechanical Lead, SSL, (510)642-1034, dpankow@ssl.berkeley.edu
Chris Bebek, Camera Lead, LBNL, (510)486-6447, cjbebek@lbl.gov
Robin Lafever, 3D Modeling, LBNL, (510)486-5749, relafever@lbl.gov
John Bercovitz, Instrument Mechanical, LBNL, (510)486-, rhbercovitz@lbl.gov
Roger Malina, Spectrograph, LAM, roger.malina@astrsp-mrs.fr
Michael Schubnell, IR Camera, U. Michigan, schubnel@umich.edu
Are you Responding to an AO?  NO.

Which NASA Science Theme(s) do you address?

SEU, Origins

If not an AO, what is nature of effort: describe

Sponsors:  Dept. of Energy/Division of High Energy Physics

Partners: NASA, CNES

How far along are you in your mission concept development?  IMDC study last June

(Do you have an idea, is a measurement, instrument concept defined, mission concept defined?)  Yes.

Mission cost constraints (i.e. Launch Vehicle Cost, Ground Systems Cost, Instrument Cost, Spacecraft Cost etc.) Launch Vehicle $85M, Ground Systems $10M, Spacecraft

Bus $50M, Operations $10M/yr, Instrument $130M, Telescope $50M.

Science

Mission class: Earth science, space science, technology, communications, other?

Space Science

Number of telescopes?  One.

Measurement

Describe in detail, your measurement concept:

1. List the frequency band(s)  Optical/near-IR: B,V,R,I,Z,J plus add’l bands

2. How will the measurement be made?  Telescope w/ optical & NIR imager

3. Is this a survey mission, planned observation mission, or event-response mission?  Survey mission

4. How quickly must the instrument move between targets? 1 minute/degree

5. Do you know what the minimum fundamental frequency of the instrument is? No.

6. What is the instrument FOV?  1 square degree

7. What instrumentation is required to make the measurement? Imaging, spectroscopy.

8. What are the performance drivers? Photometry and spectrophotometry

9. Why is this measurement valuable? Why do you need to do it from space if earth observing? Has this measurement been made and if so, to what extent? Measurement of supernovae from ground and HST to date, needs to be extended to a wide-field imager in space.

10. What is the heritage of the measurement and the instrumentation?  Here we will ID the technology readiness level.  Detectors have TRL’s from 3 to 6.

11. Are there alternative ways to make the measurement? No.

12. What is the needed duration of the observation?  3 hours.

13. How many sequential observations are required of each target?  40

14. Is "tracking" of the target required? No.

15. What is the required pointing knowledge?  1 arcsec

16. What is the required pointing stability (3 sigma) during an observation set? 0.1 arcsec

17. What is the required angular resolution? ?

Mission life requirement?

3 year requirement

Mission overview


Time line of activities  

Reliability required?

Selective redundancy

Wishes and burning issues & challenges

What are the drivers and tall poles at this point (i.e. detector technology not mature)?

What discipline support do you desire?

Instrument systems,

Optical, 

Electrical, 

Mechanical design

Mechanical systems, 

Structural analysis,

Electro-mechanical, 

Opto-mechanical, 

Detectors, 

Thermal,

Other support, please list

Stray light, mechanisms (shutters, filter wheels)

Do you want to look at technology infusion into instrument? 

Parametric costing

Do you have any estimate of cost for your instrument? 

Please list any specific products or trades desired:

1) Prepare a mechanical CAD model of the SNAP telescope and instrument suite. 

2) Using the mechanical model and SNAP optical design determine opto-mechanical 

  sensitivities in the design. 

3) Using the mechnical model and the optical design determine thermal sensitivies from orbital thermal characteristics and from the range of spacecraft maneuvers. 

4) Study instrument mechanisms including shutters and actuators.  Review existing technologies, heritage designs, and suggest solutions. 

5) Develop and study the pointing strategy for SNAP.  This will include examination of guide star densities in the selected fields of view, feedback modalities including interial units and focal plane feedback. 

6) Thermal analysis of telescope and instrumentation. 

7) First pass look at stray light sensitivity and telescope baffle strategy.

Disciplines

Detectors

What type of detector is used? CCD’s, HgCdTe NIR detectors.

What is the detector area?  Each CCD is approximately 9 cm2
What is the number of pixels?  One billion total, approximately 9 Mpixel/detector

What is the detector readout rate? 100 Kpixel/sec  (CCD)

Optics/Photometry/Stray Light

Basic Optical Design


Concept name(s) and general overview description.  2m Korsch TMA


Reference documents:



Written:



Electronic: (MSWord compatible preferred)



Website Addresses:  http://snap.lbl.gov

Drawings:



Pro/E (preferred for mechanical design)



AutoCAD (preferred for optical design)



I-DEAS


Conversion Files Format:



STEP file conversion (preferred)



IGES file conversion



Other file conversion

Basic Optical Parameters:


Prescription: ZEMAX (preferred); Code-V; Other


Collector Area: 2 meter aperture

Focal Length(s): 21 meters

Plate Scale:  0.1 arcsec/10.5 micron pixel


Wavelength Range 400nm – 1700 nm


Spectral Resolution Requirements  R=100-200


Spectral Dispersion Parameters for



Diffraction gratings, Transmission or Reflection Filters,



Grisms, Etalons (fixed, scanning), etc.   Integral Field Unit


Mirror Parameters  Silver coated


Transmission Optics Parameters  


Configuration Volume and Volume Limitations

Optical System Questions 


Is design and design optimization required?


Are packaging studies required?


Is tolerance sensitivity analysis required?  Yes


Is thermal sensitivity analysis required? Yes


Are integrated analyses like STOCS, STOP required?  Partial


What types of mechanisms are required? Shutters, filter wheels (?)


Is on-orbit focusing required/permitted? Required


What are the Redundancy Requirements? Selective

Are Pointing Requirements Mature or are they desired products from the study?


Units (degrees, arc-seconds, milliradians, …)


Absolute Knowledge and Relative Precision:  1 arcsec knowledge


Image Stabilization Requirements: feedback from the focal plane 1/3 pixel


Star tracker Requirements: sufficient to point SNe into spectrograph bore,



which is 1 arcsecond or thereabouts. 

Performance Representation; Resolution Requirements


RMS Spot Size; Encircled (enclosed) Flux;


MTF; Wave Front Error


Geometric Diffraction

Photometry/Radiometry (Source & Detector Description):  Do you have preliminary study requirements in these areas?


Incoming Flux (cgs, mks; watts, photons)


Source Irradiance or Radiance


Detector type: Si CCD’s, HgCdTe/NIR sensors


Quantum efficiency: quite high!  See our web site. 


Readout procedure and rate: 


Detector photosensitive material: Silicon (CCD), HgCdTe (NIR)


Pixel Size: 10.5 microns (CCD), 18 microns (NIR)


Well depth (electrons): 100,000 minimum


Digitization resolution (8-bit, 12-bit, ???)  14-16 bit


A/D conversion procedure  multi-range or 


Observing cadence  approximately 200 seconds


Accuracy Requirements: 1% relative photometric accuracy over wavelength


Precision Requirements: 1% stability


NIST Traceability requirements:  None.

Are there Stray Light concerns?  YES, YES!!


Observing Limitations with-respect-to:



Sun, Earth, Moon, Bright Stars, Target Object,



Extended sources, Background Light



70 degree solar avoidance, 50 degree earth, moon avoidance


Internal Stray Light Sources



Optical Surface Quality 




RMS Surface Roughness, Bulk Scattering



Diffraction Gratings



Filters



Thermal Emission


Paints, Surface Finishes


Describe the stray light suppression concept.  Baffles, 70deg solar avoidance.


Does the stray light suppression require:



Off-axis optics; Reimaging; Cold Pupil Stops? We think not.



Ghost Image Analysis? Yes.

Do you have enough time or resources to support a full stray light analysis in APART or ASAP? (Requires 6 weeks of full time effort)? No not yet for a full analysis.

Thermal

Is thermal isolation from s/c structure required?  Yes.   Our detectors must run very 

cold, around 140-150kelvin; our telescope will probably run cool but not so cold as our

detectors.  The spacecraft and our electronics boxes will run at room temp.  The spacecraft flight attitude keeps one side sunward (our solar panels are on that side) and the other side carries our thermal radiators.  We view at right angles to the sun.

We will need lots of internal thermal insulation so that there is not a huge lateral

temperature gradient across our telescope, which would spoil its figure. 

Which way does the instrument point with respect to the sun and s/c?  Normal to the sun

Are there different modes of operation (which boxes are ON and NOT ON)? Boxes power cycle when readout is completed

Are temperature limits desired for hot/cold normal ops, hot/cold starts, hot/cold survival, etc? Longish eclipses.

What are the altitude, inclination, and target launch date?  We anticipate having a

high eccentricity orbit (like AXAF/Chandra or XMM/Newton) that gives us long

periods of time far from the Earth, its radiation belts, and its heat load.

Are there any contamination sensitivities?  (This could restrict choice of coatings) Lowest wavelength is B-band so contamination requirements should not be too restrictive.

Is the aperture covered or uncovered ?  We want a door for launch only.  A sun safety shield maybe integrated with the aperture shutter.

Is there any sensitive equipment (detectors, optics/housing, power dissipater or otherwise)?

descriptions (any special materials used?)

temperature limits, hot/cold, for ops, survival etc.

stability requirements (max change in temp/time)

Is a STOP analysis required to support the ISAL study?  Or is significant progress toward a STOP analysis desired?  Significant progress toward

Is it expected that a thermal model/thermal analysis will be required to support the ISAL study?  If so, to what level of detail (could relate to, or be driven by the detail needed to support the structural analysis model)?  

What is the maturity level of the existing design?


Does a thermal math model representation of the instrument/study item exist?

Geometric Math Model?  

Thermal nodal model?

If so, what software was used to generate the models? 

Provide a description of the models.

To build a geometric thermal model representation requires information on configuration dimensions and coating/surface properties, as well as the planned orbit and attitude.  To construct a thermal nodal model requires information on materials (i.e., masses, specific heat), configuration and dimensions (to calculate conductive couplings), as well as output from the geometric model.  Is such information available, or is it to be developed during the study period?

Does a structural (software) representation of the instrument/study item exist?  If so, what software was used to generate the model (CAD, IDEAS, Pro-E, etc.)?  Describe the level of detail of this model.

Have any temperature or gradient limit requirements been established?  Or is this a desired output of the study?  We need some help in deciding how seriously a temperature

gradient will degrade our images, and help in planning to limit our temperature gradients

so they stay within our limits. 
Is it expected that any 2-phase heat transfer technology, or other advanced thermal technology, or any active components (e.g., thermo-electric coolers, mechanical refrigerators) will be necessary in the design?  No, we hope to use passive cooling

of our Si and HgCdTe detectors through the use of a large area heat radiator panel.
Mechanical

What is the available instrument mass?  1500 kg

Is the mechanical design similar to a current project (flying or not)? No.

What rocket is it to be launched on? (and specifics related to this)? Delta III

Are there any solid models available of this design (Pro/E, IDEAS, etc…)? Yes.

Any specific materials required? Yes.

Are material trades desired? Possibly

Are mechanisms required? Yes.== Front door; focussing of optic; emergency

shutter; science shutter; possible filter wheel(s).
Electrical

Is there any interface definition between the electronics box and sensor(s)? No.

Is there an initial electrical design? No.

Is pre-conditioned/regulating of power desired?  Unknown

What is the uncompressed data rate?  80 Mbits/sec
