LAT CDR RFA #24 Response

Action Requested:

Explain how LAT will assess the impact of structural-thermal distortions on LAT pointing knowledge error in support of observatory-level STOP analysis. Estimate the impact if the distortions turn out to be an order of magnitude (10-20 times) larger than specified.  Provide the analytical results that bound the LAT’s out of plane motion with respect to the LAT Interface Plane (LIP).  Provide the necessary models (thermal, mechanical, optical) and support to Spectrum Astro (SASS) to complete the observatory-level STOP analysis.

Supporting Rationale:

The ability of the LAT CDR and Spacecraft PDR design to meet the mission pointing knowledge cannot be determined without a piecewise and/or STOP analysis.  The LAT-SC interface is a questionable area.  There was a detailed discussion of the planned STOP analysis at the spacecraft PDR but none at the LAT CDR. Information is needed to complete the observatory analysis.  This is carried as a top spacecraft risk.  A full STOP analysis could take as long as 6 months and a piecewise analysis may be faster.  The LAT development proceeds at risk the longer it takes to determine whether LAT’s CDR design and spacecraft interface is enough to meet pointing knowledge requirements.

Response:

“Explain how LAT will assess the impact of structural-thermal distortions on LAT pointing knowledge error in support of observatory-level STOP analysis.”

Thermal-mechanical distortion analysis of the GLAST observatory has been conducted by both SLAC and SASS in the SC CDR timeframe (May 2004). SLAC has updated their structural and thermal models to close out the open issues that were present at the LAT CDR (especially the calorimeter-grid interface and the thermal joint between the electronic boxes and the cross-LAT plate).  These updated models have been used to repeat the LAT thermal/mechanical distortion analysis.  The LAT component of the observatory pointing knowledge has again been verified to meet the requirements to the fixed LAT Interface Plane (LIP).  A value of 5.9 arcsec (1-sigma, radial) versus the 7.0 arcsec requirement allocation was obtained for dynamic analysis around a single orbit.  SLAC is continuing to perform thermal/mechanical distortion analysis for both static (comparing attitude to attitude) and dynamic (variations around a single orbit) cases. At SC CDR, SASS reported end-to-end thermal mechanical distortions of 5.3 arcsec (1-sigma) as measured from the Star Trackers (Optical Bench) to the worst-case LAT tracker tower, using the SC CDR and LAT interim-CDR models for three static mission case profiles. Both SLAC and SASS have provided GPO with their respective CDR-versions of the thermal and finite element models since SC CDR. GPO has developed integrated observatory-level STOP models to perform analysis of both static and transient mission cases. Both SLAC and SASS plan to continue to perform “piecewise” analysis of their respective mission elements as the project progresses into SC and LAT integration and testing, in order to create test-correlated models.
“Estimate the impact if the distortions turn out to be an order of magnitude (10-20 times) larger than specified.”

GPO has conducted science simulations of the impacts of thermal-mechanical distortions of the LAT tracker towers on the science (source location determination) as part of the development of the science calibration plan. By simulating observations using the detailed LAT instrument simulation, which supports misalignments, and then passing the simulated data through a full event reconstruction chain, it has been possible to 1) simulate the calibration observations and verify the statistical precision obtained with time, 2) quantify the impacts of thermal mechanical distortion and 3) quantify how much effects average out for different observations. Several scenarios have been studied to demonstrate these effects, including 1) misalignment rotation of all LAT tracker towers about the observatory X-axis 30 arcsec (all in the same direction) and 2) 8 LAT tracker towers rotated +50 arcsec, 8 towers rotated -50 arcsec about the X-axis (“splayed” configuration). These rotations (30 and 50 arcsec) correspond to factors of 4.3x and 7.1x with respect to the LAT thermal-mechanical distortion allocation (7 arcsec) of the observatory pointing knowledge error budget. 
For both cases in sky survey mode, the difference between the reconstructed position of the source and the true position was found to be much smaller than the misalignments, due to geometric averaging of the measurements, as expected.  For the 50 arcsec case, for example, the difference between the reconstructed position and the true position was found to be 5 arcsec, after 1 year of calibration observations in sky survey mode; however, for a simulated pointed observation in the 30 arcsec case, the difference between the reconstructed and true position showed the full 30 arcsec error.  Note

that, in general, tilts of the entire LAT system in the same direction will have a more significant impact on the source location determination errors than the "splayed" tilt, which results in a smaller mean misalignment of the LAT system.  These studies illustrate that, for long-timescale survey mode observations, the intrinsic averaging in the system is quite forgiving of uncalibrated misalignments.  However, pointed observations or all-sky observations over very short periods of time on very bright sources do not

generally afford the same degree of averaging and are therefore much more sensitive to misalignment errors.  Thus, although the measurement system is robust in many cases, huge violations of the pointing knowledge requirements postulated in the RFA would certainly result in significant loss of science. Examples are very bright gamma-ray burst or AGN flare location degradations, which could make counterpart identifications impossible.  The high-energy photon direction reconstruction of the LAT would be significantly compromised, because the pointing errors would be significant compared to

the individual photon PSF.  This would undoubtedly reduce the discovery space of the mission.  Two examples are a loss of sensitivity to faint sources dominated by high-energy photons and potential high-energy emission from the galactic center due to particle dark matter annihilation.  The latter would be a signal for new physics, making the loss particularly significant.  We emphasize the magnitude of these potential losses is due to the magnitude of the violations suggested.

In preparation for performing the integrated observatory thermal-mechanical distortion analyses, GPO held two peer reviews with independent AETD personnel to review the plan for these analyses.  During these reviews, GPO presented worst case predictions for pointing knowledge errors assuming a model uncertainty factor of 2 against the results from the structural modeling, and assuming one star tracker failure.  This worst-case calculation predicted a pointing knowledge error which was about a factor of 2 greater than the 10 arc-second requirement.  GPO-Science has studied this and believes there would be some impact to localizing sources that do not occur in the LAT field of view with a calibration source.  Based on all of the analysis performed to date, GPO does not see a way for the distortions to be an order of magnitude larger than the present requirement allocations.

“Provide the analytical results that bound the LAT’s out of plane motion with respect to the LAT Interface Plane (LIP)”
GPO and SASS performed analysis of the LIP forces and displacements as a result of the four mission static thermal cases identified at SC CDR. Forces measured on the SC-LAT flexures for these cases, the corresponding mission design loads and the margin with respect to these are shown in the following table:
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From these same mission cases, LIP displacements of < 2 mils were seen across the LAT grid, proving the early mission phase assumptions that the distortions at the LAT-SC interface (LIP) plane are negligible.
“Provide the necessary models (thermal, mechanical, optical) and support to Spectrum Astro to complete the observatory-level STOP analysis”
SLAC provided SASS with the LAT CDR versions of the thermal and finite element models in the SC CDR timeframe, to support their continued performance analysis. GPO has also created integrated observatory-level thermal mechanical distortion analysis tools using the same LAT CDR and SC CDR models.





